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Nanoparticles (NPs) have been used for colon-specific drug delivery system due to their
specific accumulation in the inflamed tissue in the colon and prolong presence in colon
for the treatment of inflammatory bowel disease. The present study aimed to design NPs
for colon-specific drug delivery via electrohydrodynamic atomization (EHDA). The NPs were
prepared by dissolving prednisolone and Eudragit® S100 (EDS) in different solvents using
various EDS concentrations and prednisolone/EDS weight ratios. Then, the prepared solu-
tion was sprayed using the EHDA machine. The process parameters such as applied voltage,
injected distance, feed rate, and drum collector rolling rate were carefully adjusted to obtain
blank and drug-loaded NPs. The EDS solution prepared from methanol offered high con-
ductivity (93.51 ps) with low viscosity (4.48 cP), resulting in spherical and small NPs with
average diameter of 422 nm. The NPs prepared by using isopropanol and butanol as a sol-
vent were irregular in shape. The sprayed products were changed from particle to fiber when
using high concentration of EDS. High-fiber product was obtained when high applied voltage
(20kV) was applied. Size range of the NPs loaded with prednisolone at different concentra-
tions (0.5-3.5%) was 448-660 nm. The maximum drug encapsulation was 91.50%. From the
obtained results, the NPs were successfully fabricated by EHDA technique and this showed
a promising potential for further drug delivery system development.

© 2016 The Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

1. Introduction

up into spray droplets under the drive of an electrical field.
Various modes of EHDA were reported, of which the stable

Electrohydrodynamic atomization (EHDA) has gained atten-
tion in the field of drug delivery in the past decade; it has been
used to fabricate drug carriers including polymeric micro-
particles, nanoparticles (NPs) and nanofibers used in various
pharmaceutical applications (Kenawy et al., 2002; Shen et al.,
2011). Theoretically, EHDA is a process where a liquid breaks
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cone-jet is of specific interest (Xie et al., 2014). Under such
mode, liquid flowing through a nozzle maintained at high
potential is subjected to an electric field (Fig. 1), which leads to
elongation of the meniscus to a form of jet and subsequently
the jet deforms and breaks up into fine droplets. The small
jet diameter allows rapid evaporation of the solvent and, as a
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Fig. 1 - Schematic diagram showing nanoparticles
fabrication by EHDA.

result, particles are deposited on the collector. Applied volt-
age, feed rate, distance from the nozzle to collector, drum
collector rolling rate, charge and viscosity of sprayed solution
are vital parameters to determine product characteristics (Xie
etal., 2014). The principal advantages of this technique in drug
delivery system are (i) to offer opportunity of heat sensitive
drug loading, (ii) the relative rapid and simple way to prepare
a several materials into NPs, and (iii) controllable operation
factors.

Inflammatory bowel diseases (IBD) are relapsing and
chronic inflammatory disorders of the intestinal mucosa, with
an organ-susceptibility for the colon (Mowat et al.,, 2011).
Conventional drug delivery systems are not completely suc-
cessful when applied for the treatment of IBD (Friend, 2005).
Aside from incidences where therapy fails due to insuffi-
cient drug deposition at the site of action, adverse drug
effects have also limited therapeutic outcome. These adverse
effects are thought to be related to the lack of selective drug
release at the inflamed colon. Nanoparticulate systems for
colonic drug delivery exhibit that size-dependency of particles
impacts their epithelial uptake and a preferential accumula-
tion in the inflamed colon has been found (Lamprecht, 2009).
Lamprecht et al. (2001) demonstrated that high binding to the
inflamed tissue of Lewis rat colon was found for 100-nm par-
ticles. This is because thicker mucus layer produced in the
ulcerated regions increasing adherence of the small parti-
cles.

Prednisolone is a synthetic corticosteroid drug that
is particularly effective as immunosuppressant and anti-
inflammatory drug. It has been used to treat a number of
different conditions such as IBD, inflammation (swelling),
severe allergies, adrenal problems, arthritis and asthma
(Gionchetti et al., 2002; Porter, 2011). For treatment of IBD,
administration of prednisolone at alarge and frequent dose for
a long period causes significant and prolonged absorption of
the drugs from the small intestine, often leading to toxic side
effects (Campieri et al., 1997). Therefore, the specific delivery
of drugs to diseased parts should be developed. Furthermore,
prednisolone is a class II substance according to the Biophar-
maceutics Classification System; it is a poorly water-soluble
drug (Vogt et al., 2007). Consequently, the improvement of the
dissolution rate of prednisolone by different techniques such
as solid dispersion, nanoparticle preparation and liquisolid
compacts can offer more rapid and complete absorption (Chen
et al., 2015; Spireas and Sadu, 1998; Zakeri-Milani et al., 2011).

To extensively target drug to the colon, nanocarriers made
of pH-dependent polymer have been applied. In the gastroin-
testinal tract, from the stomach to the colon, intraluminal pH
varies progressively up to 7. In order to obtain pH-sensitive
NPs, Eudragit® S, a polymer of methacrylic acid and methyl
methacrylate, which dissolves when the pH is above 7, was
used to control the release of entrapped drug (Damge et al,,
2010; Makhlof et al., 2009). Therefore, the aim of this study
was to design and optimize formulation and processing fac-
tors influencing the characteristics of NPs prepared by EHDA
technique.

2. Materials and methods
2.1. Materials

Eudragit® S100 (EDS) (lot number B041005026) was a gift
from Evonik Degussa (Thailand) Co., Ltd., Thailand. Methanol
(lot number 14080041) was purchased from RCI Labscan
Ltd., Thailand. Ethanol (lot number J32T04) was obtained
from Mallinckrodt Baker, Malaysia. Butanol (lot number
K35977190619) was purchased from Merck, Germany. Iso-
propanol (lot number V1A707131A) was received from Carlo
Erba Reagents, France. Prednisolone (lot number R25301) was
a gift from Bangkok Lab & Cosmetic Co., Ltd., Thailand. All
other chemicals were of reagent grade and used without fur-
ther purification.

2.2. Characterization of EDS solution

The prepared EDS solutions were characterized by several
techniques to reveal the effect of the polymer solution prop-
erties on the NPs. The conductivity of each EDS solution was
measured by conductivity meter (model ECtestrll+, Eutech
Instruments Pte Ltd., Singapore). The viscosity was examined
by viscometer (model DV-III Ultra, Brookfield, USA). The sur-
face tension was measured by sessile drop method using a
drop shape instrument (model FTA 1000, First Ten Angstroms,
USA). All experiments were performed in triplicate.

2.3.  Preparation of NPs

To prepare the blank NPs, various concentrations of EDS were
dissolved in several solvents, including methanol, ethanol,
isopropanol, butanol and mixtures of ethanol/water. The EDS
solution was then sprayed using EHDA machine (Bangkok
Cryptography, Thailand). For the drug-loaded NPs, pred-
nisolone was dissolved in the EDS solution before spraying.
The drug:EDS weight ratios were varied at 0.5:5, 1.5:5, 2.5:5
and 3.5:5. As presented in Table 1, the processing parameters
such as applied voltage, injected distance, feed rate, and drum
collector rolling rate were carefully adjusted to obtain blank

Table 1 - Conductivity, viscosity and interfacial tension
of 5% (w/v) EDS in different solvents.

Solvent Conductivity (nS) Viscosity (cP) Interfacial
tension (mN/m)
Methanol 93.51+2.56 4.48+1.10 22.82+0.35
Ethanol 31.64+0.74 5.76 £0.37 21.71+£0.19
2-Propanol 9.13+0.09 10.88+£0.37 20.46 £0.25
t-Butanol N/A® N/A® N/A®

@ EDS did not completely dissolve in t-butanol.
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and drug-loaded NPs. The products were kept in desiccator
for further investigation.

2.4.  Morphology and particle size

Surface morphology of the prepared NPs was carried out
using scanning electron microscope (SEM; model Maxim
2000S, CamScan Analytical, UK). Sample powders for SEM
analyses were sprinkled on a stub and sputter-coated
with gold to increase their conductance. Particle size and
size distribution were analyzed by ] MicroVision software
(version 1.2.7).

2.5. Zeta potential determination

Zeta potential of the blank and drug-loaded NPs was moni-
tored by zeta potential analyzer (model ZetaPlus, Brookhaven,
USA) to evaluate the coating efficiency. The samples were
diluted to 0.5% w/v using deionized water as a solvent and
then agitated for 3min before measuring. The average and
standard deviation of the measurement of three batches of
samples were reported.

2.6. Drug content and encapsulation efficiency

Drug content was determined by dispersing prednisolone-
loaded NPs (2mg) in methanol (10mlL), stirring for 24h
and then sonicating for 2h before the dispersion was fil-
tered through 0.45-pm cellulose acetate membrane. The
amount of prednisolone in the filtrate was quantified by
high performance liquid chromatography (HPLC; model JASCO
PU-2089plus quaternary gradient inert pump, and JASCO
UV-2070plus multiwavelength UV-vis detector, Jasco, Japan)
(Tobita et al., 2002). The analytical column used was a reverse
phase Kinetex™ column (C18, 250 x 4.6 mm, pore size 5um,
Phenomenex, USA). The mobile phase was a mixture of
methanol, tetrahydrofuran and water (at a ratio of 3:25:72).
The column effluent was detected at 254nm with a UV/vis
detector. The calculation equation is as follows:

amount of drug in nanoparticles
weight of nanoparticles

x 100 (2)

drug content(%) =

The encapsulation efficiency was defined as the ratio of
actual and original amount of prednisolone encapsulated in
NPs. The encapsulation efficiency was calculated using the
following equation:

encapsulation efficiency(%)

_actual amount of drug-loaded in nanoparticles
" initial amount of drug-loaded in nanoparticles

% 100 )

2.7. Fourier transform infrared (FTIR) spectroscopy

To investigate the effect of the EHDA processing parameters on
the drug-polymer interaction, prednisolone, EDS, their phys-
ical mixtures and prednisolone-loaded NPs were pulverized
and blended with KBr and compressed. The measurement was
carried out using a FTIR spectrophotometer (model Magna-IR
system 750, Nicolet Biomedical Inc., USA).

2.8.  Powder X-ray diffraction

Powder X-ray diffraction patterns of the stating materials,
their physical mixtures and the NPs were analyzed by using
a powder X-ray diffractometer (model D8, Bruker, Germany)
under the following conditions: graphite monochromatized
Cu Ka radiation, voltage 45kV, electric current 40 maA, slit:
DS1°, SS1°, RS, 0.15nm, and scanning ratio 26=5°min~1.

2.9. Differential scanning calorimetry (DSC)

DSC thermograms of the stating materials, their physical mix-
tures and the NPs were determined by a differential scanning
calorimeter (model Sapphire, Perkin Elmer, USA) using indium
as a standard. Each sample, 2-3mg, was accurately weighed
into a close aluminum solid pan. The scanning rate was run
at 10°C/min from 20 to 300°C under nitrogen purge.

2.10. Statistical analysis

Analysis of variance (ANOVA) and Levene’s test for homo-
geneity of variance were performed using SPSS version 11.5
for Windows (SPSS Inc., USA). Post hoc testing (p <0.05) of the
multiple comparisons was performed by either the Scheffé or
Games-Howell test depending on whether Levene’s test was
insignificant or significant, respectively.

3. Result and discussion
3.1. Characterization of EDS solution

The conductivity, viscosity and interfacial tension of 5% w/v
EDS in methanol, ethanol, 2-propanol or t-butanol are given
in Table 2. EDS did not completely dissolve in t-butanol; there-
fore, characterization of the solution of EDS in t-butanol could
not be conducted. In methanol, the viscosity of 5% (w/v) EDS
was the lowest (4.48cP) while the conductivity and inter-
facial tension were the highest, which were 93.51uS and
22.82mN/m, respectively. This might be because methanol
contains higher amount of hydroxyl group, at the same weight,
compared to other alcohols. Therefore, high hydroxyl groups
can increase conductivity of the solution (Sonkar et al., 2012).
Furthermore, earlier studies have shown that viscosity affects
conductivity; a decrease in viscosity results in the increase in
the movement of the ions, so the conductance of the elec-
trolyte increases from 2-propanol to methanol (Asif, 2009).

The interfacial tension is one of the crucial parameter to
determine properties of the sprayed products (Ciach et al,
2003). High surface tension value of the solution can decrease
size of the particles. The interfacial tension values all of the
EDS solutions were slightly different ranging from 20.46 to
22.82mN/m. EDS solution prepared from methanol gave the
highest interfacial tension. This result is in agreement with
the previous study (Ghahremani et al., 2012), which explained
that the surface tension decreases with the length of the
hydrocarbon tail.

The conductivity of drug-loaded EDS solution slightly
decreased when the drug loading was higher (Table 3). This
is because prednisolone is nonpolar drug which can lowering
conductivity of the solution (Rub et al., 2014). For Interfacial
tension value, there were not different amount several drug
concentrations.
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Table 2 - Conductivity, viscosity and interfacial tension values of predinolone-loaded EDS solution using methanol as

dissolving solvent.

The EDS solution loaded with different Conductivity (pS) Viscosity (cP) Interfacial tension
prednisolone concentrations (mN/m)

0.5% prednisolone 97.03 £ 1.26 2.99 + 0.37 21.60 + 0.87
1.5% prednisolone 94.70 + 2.86 4.05 + 0.32 22.20 £+ 0.17
2.5% prednisolone 92.41 + 0.54 4.27 + 0.37 22.28 + 0.30
3.5% prednisolone 92.02 + 0.54 491 + 0.36 21.48 £+ 0.23

Table 3 - Particle size and zeta-potential value of NPs containing different concentrations of prednisolone.

Concentration of prednisolone in NPs

0.5% (w/v) 1.5% (w/v) 2.5% (w/v) 3.5% (w/v)
Particle size (nm) 448.6 + 65.2 4924 + 69.9 661.0 £+ 65.7 471.1 £ 59.3
Zeta-potential (mV) —16.08 £ 0.24 —33.20 £ 0.46 —25.71+£0.78 —23.64 £0.76

°
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Fig. 2 - SEM images of the NPs prepared from EDS (5%, w/v) dissolved with different media; (a) methanol (5000x), (b) ethanol
(2000x), (c) ethanol/water (70:30) (5000x), (d) 2-propanol (2000x) and (e) t-butanol (1000x).

3.2.  Morphology and particle size spherical particles with diameter of 447.9nm. The NPs pre-
pared from EDS in ethanol and the mixture between ethanol
The characterized blank and drug dissolved solutions were and water (70:30) were spherical and fibrous as illustrated in

sprayed by EHDA to reveal the effect of the solution prop- Fig. 2b and c, respectively. The electrosprayed products of EDS
erties on appearance of the sprayed products. As shown in in isopropanol and t-butanol were collapsed particles (Fig. 2d
Fig. 2, the NPs prepared from EDS (5%, w/v in methanol) offered and e). The proposed fabrication mechanism of the NPs by

NPs

Polymer solution Shrink and
— ‘ ‘ ‘ Irregular shape
L J

Slow evaporation of solvent = Some solvents remain inside

High b_oiling point solvents:
Ethanol, sopropanol, Butanol

Collector screen

Polymer solution

_ ® d @ sy @ h @ o

Y

Fast evaporation of solvent = Completely dry

Low boiling point solvents:
Methanol

Fig. 3 - Proposed fabrication mechanism of the NPs by EHDA.
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Fig. 4 - SEM images of the products prepared from (a) 5% (w/v) (2000x), (b) 7.5% (w/v) (2000x) and (c) 10% (w/v) (500x) EDS

dissolved in ethanol under applied voltages of 10kV.

EHDA is presented in Fig. 3. The boiling point of solvents may
influence the evaporation of solvents. The boiling point of
isopropanol and butanol are higher than those of methanol
and ethanol; therefore, solvent evaporation may not complete
during spraying. After that, the wet droplets hit the collec-
tor causing irregular and collapsed particles (United States
Pharmacopeial, 2006). This phenomenon can be explained by
Rayleigh’s equation as shown in Egs. (3) and (4).

- o = () ®)
where X is Rayleigh limit, CE is Coulomb energy, SE is sur-
face free energy, q is the surface charge of the droplet, ¢ is the
permittivity of the medium surrounding the droplet, y is the
surface tension of the liquid, and R is the radius of a droplet
(Rayleigh, 1882; Taflin et al., 1989).

1
3 6
dy = (i;‘/’ ) )

where d; is droplet size of neat liquids, « is a constant depend-
ing on liquid permittivity, Q is the liquid flow rate, ¢ is the
dielectric constant in a vacuum, p is the density of the liquid,
v is the surface tension of the liquid, and ¢ is the conductivity
of the liquid (Ganan-Calvo, 1999).

From the characterization of the EDS solution results
shown in Table 1, the EDS dissolved in methanol provided
higher conductivity and surface tension with low viscosity,
resulting in a high Rayleigh limit and low droplet size of neat
liquids. Consequently, there is high possibility that the droplet
breakup occurred, causing small spherical particles without
fiber (Festag et al., 1997). On the other hand, EDS dissolved
in ethanol and 2-propanol offered lower conductivity and

surface tension with high viscosity. These make high Rayleigh
limit value, causing connected spraying liquid and connected
fiber products.

The electrosprayed products were changed from spheri-
cal particles to fibers when the spraying solution prepared
from high concentration of EDS (Fig. 4). As explained in Eq.
(3), a higher viscosity and lower surface tension of 10% (w/v)
EDS (data not shown) resulted in the formation of smooth
filaments or fiber. Figs. 4a and 5a and b illustrated the elec-
trosprayed products fabricated by 10, 15 and 20kV of applied
voltages, respectively. More fibrous products were obtained
and the product size is smaller when applying higher vol-
tages (15kV and 20kV). This is in agreement with previous
research that the size of particle slightly decreases when
voltage is increased (Bock et al., 2012; Hong et al., 2008).
Moreover, Shenoy et al. (Gupta et al., 2005; Huang et al,
2003) stated that, since the voltage is increased, morphol-
ogy changes from spherical particle to elongated particles
or bended fiber to eventually only fiber. This might be due
to the fact that high voltage accelerates the sprayed drop to
elongate, resulting in connected fiber (Thammachat et al,
2010).

Particle morphology of prednisolone and the NPs loaded
with different concentrations of prednisolone is demonstrated
in Fig. 6. It is observed that sprayed prednisolone without EDS
was irregular in shape with the size ranged from 5 to 10 pm
(Fig. 6a). All of the NPs (Fig. 6b—e) were spherical in shape with
average size ranged from 448.60 to 660.98 nm (see Table 3). The
particle size was not significantly different among the NPS
containing different drug concentrations. This result could be
explained by the conductivity, viscosity and interfacial tension
of EDS solutions loaded with different prednisolone concen-
trations (Table 2), which were slightly different, resulting in
a slight difference in size and shape (Ganan-Calvo, 1999).

Fig. 5 - SEM images of the products prepared from 5% (w/v) EDS dissolved in ethanol under applied voltages of (a) 15kV and

(b) 20kvV.
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Table 4 - Drug loading and encapsulation efficiency of NPs containing different concentrations of prednisolone.

The NPs loaded with different Drug loading (%) Encapsulation efficiency (%)
prednisolone concentrations

0.5% 6.58 + 0.06 72.35 + 0.63

1.5% 17.27 + 0.28 74.84 + 1.23

2.5% 30.86 + 0.54 92.65 + 1.61

3.5% 37.68 + 0.85 91.50 + 2.07

Fig. 6 - SEM images at magnification of 2000x of the (a) sprayed prednisolone, and prednisolone-loaded NPs containing (a)

0.5% (w/v), (b) 1.5% (wW/v), (c) 2.5% (w/v) and (d) 3.5% (w/v) prednisolone, using 5% (w/v) EDS in methanol under applied

voltage of 10kV.

Furthermore, the irregular shaped particles were not found
for all prednisolone-loaded NPs. This could confirm that all
prednisolone was loaded in the NPs (Huanbutta et al., 2013).

3.3.  Zeta-potential determination

Table 3 shows the particle size and zeta-potential value of NPs
containing different concentrations of prednisolone. Particle
size of the NPs ranged from 448.6 to 671.1 nm. The zeta poten-
tial value of all NPs was negative, resulting from the negative
charge of carboxylic moiety in the EDS structure (Huanbutta
et al.,, 2013). The results indicated the encapsulation of pred-
nisolone in EDS.

3.4.  Drug loading and encapsulation efficiency

Drug loading and encapsulation efficiency of NPs contain-
ing different concentrations of prednisolone are shown in
Table 4. The percentage of drug loading ranged from 6.58% to
37.68% and the encapsulation efficiency ranged from 72.35%
to 92.65%. The encapsulation efficiency of the NPs depended
on concentration of prednisolone in the NPs. High portion of
prednisolone (2.5% and 3.5% prednisolone in 5% w/v EDS) pro-
vided high drugloading and encapsulation efficiency. Such an
effect on encapsulation of drug is quite commonly reported
(Wischke and Schwendeman, 2008). The increase in encap-
sulated drug might rise the viscosity of the EDS solution. This
makes the EHDA product larger resulting in higher drug encap-
sulation.

4000 3500 3000 2500 2000 1500 1000 500
Wavenunbers (cm'!)

Fig. 7 - FTIR spectra of prednisolone, EDS, physical mixture
of prednisolone and EDS (PM) and prednisolone-loaded
NPs.

3.5.  Fourier transform infrared (FTIR) spectroscopy

FITR spectra of the starting materials (EDS and pred-
nisolone), their physical mixture and the NPs loaded with
2.5% prednisolone are illustrated in Fig. 7. The spectrum
of prednisolone showed the characteristic stretching vibra-
tion of C=0 at 1700cm~?! and C=C from cyclohexadiene at
1660 cm ™. The FTIR spectrum of EDS exhibited peaks at 1731
and 1159cm™! due to C=0 stretching of carboxylic acid and
C—O stretching of ester, respectively. The spectra of physical
mixture of EDS and prednisolone showed peaks at similar
wave number as the starting materials. However, strong peak
of prednisolone at 1700cm~! was covered by broad peak of
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Fig. 8 - Powder X-ray diffractograms of prednisolone, EDS,
physical mixture of prednisolone and EDS (PM) and
prednisolone-loaded NPs. The PM was prepared at the
same drug:polymer ratio as NPs.

EDS. The IR absorption of NPs showed the same pattern as
prednisolone and EDS but peaks at 1605 and 891cm~! were
weaker, which could be attributed to the encapsulation a drug
molecule inside the polymer and led to the low IR absorption
of prednisone (Li et al., 2009).

3.6.  Powder X-ray diffraction

Fig. 8 illustrated the powder X-ray diffractograms of the
starting materials (EDS100 and prednisolone), their physical
mixture and the NPs loaded with 2.5% prednisolone. The pow-
der X-ray diffraction pattern of EDS exhibited typical halo
patterns of amorphous structure while prednisolone revealed
sharp crystalline peaks (Auda et al., 2010; Sahin and Arslan,
2007). The NPs demonstrated broad peaks at 14.82° due to
the EDS while PM expressed sharp peaks at 7.72°, 10.36°,
13.74°, 15.22°, 17.74° and 21.00°, which appeared at the same
positions as prednisolone. This indicated that prednisolone
dispersed molecularly in EDS.

3.7.  Differential scanning calorimetry (DSC)

The DSC thermograms of prednisolone, EDS, their physical
mixture and the NPs loaded with 2.5% prednisolone are shown
in Fig. 9. The thermogram of EDS showed a broad endother-
mic peak representing amorphous state of the polymer (Auda
et al., 2010). The DSC thermogram of prednisolone expressed
an endothermic characteristic peak at 240°C assigned to its
melting point (Sahin and Arslan, 2007). The DSC thermogram
of physical mixture of prednisolone:EDS (1:2) showed that the
endothermic peak of the drug existed at lower temperature
compared to prednisolone alone and lost its distinct sharp-
ened appearance. This observation suggested the presence of
an interaction between prednisolone and the polymer at high
temperature. For the NPs, no melting peak of prednisolone was
found. It is indicated that prednisolone has been highly dis-
persed in the NPs by EHDA fabrication technique (Maghsoodi,
2009).

,EDS.
L

/Prednisolone

Endothermic

AL \/""'"w
et

2 N . " 2 . .
40 60 80 100 120 140 160 180 200 220 240 260 280
Temperature (C°)

Fig. 9 - DSC thermograms of prednisolone, EDS, physical
mixture of prednisolone and EDS (PM) and
prednisolone-loaded NPs. The PM was prepared at the
same drug:polymer ratio as NPs.

4, Conclusion

EHDA technology can be applied for the fabrication of EDS-
based NPs containing prednisolone. Properties of the sprayed
solution are crucial factors to determine characteristic of the
EHDA products. The spherical NPs were obtained from 5%
(w/v) EDS dissolved in methanol under conditions of 10kV
applied voltage. Moreover, prednisolone can be loaded in the
NPs with high encapsulation efficiency. This nanoparticulate
system expresses possibility to fabricate colon-specific drug
delivery system.
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