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ABSTRACT
The main aim of this study is to synthesize and prepare polyacrylamide (PAM)/polylactic acid (PLA) co-
assembled core/shell nanofibers in order to investigate an effective dapsone-loaded capability and dap-
sone-release in the aqueous medium. Dapsone (4,4-diamino-diphenyl sulfone) has high permeability
and low solubility in water. In vitro release testing indicates that maximum incorporation of the dap-
sone nanoemulsions into core/shell nanofibrous structures were 77.71 after 400min. Products were
characterized with X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Transmission Electron
Microscopy (TEM), Fourier Transform Infrared Spectroscopy (FT-IR), Thermo-Gravimetric Analysis (TGA),
Dynamic light scattering (DLS) analysis, Contact Angle Measurement (CAM) and nitrogen adsorption
[i.e. Brunauer-Emmett-Teller (BET) Surface Area Analysis] techniques. The porosimetric measurements of
the nanofibers structures showed that high porosity diameter, adsorption cross-section area, pore vol-
umes and dead volume were obtained as 0.162nm2, 0.1005 cm3g�1 and 15.693 cm3, respectively. TGA
curve of the core/shell nanofibrous structures shows thermal stability between 240 �C and 260 �C.
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Introduction

Nanotechnology as a new perspective offers considerable
ability to control and release hydrophobic and hydrophilic
drugs [1,2]. The new and novel drug carriers [3,4] have found
wide application as drug delivery systems [5]. A large number
of nanocarriers such as molecular imprinted nanopolymers
(polymeric gel carriers, nanomicelles) and dynamically
PEGylated [6–9], lipids phase (liposomes and niosomes), solid
lipid carriers, targeted drug delivery system and nanocapsules
[10–12] and nanopolymer carriers increased the in vitro
release rate compared to bulk materials [13,14]. In fact, the
major advantages of drug delivery nanocarriers such as
hydrogels [15], polymeric micelles [16], reservoirs in implant
devices [17] and nanofibers [18] are improved drug solubility,
stability, performance and efficiency as well as efficacy for a
long period of time [19]. Rheological characteristics of PLA
make it suitable for the cast and blown film extrusion and
fiber spinning [20]. PLA as the compatible and degradable
polymer has been developed for many biotechnology

applications [21]. This has been solved by employing branch-
ing by the treatment of PLA with peroxide or by the intro-
duction of multifunctional initiators or monomers. Several
approaches exist to synthesize, design and develop core/shell
nanofibers such as hydrothermal [22], electrospinning [23],
coaxial electrospinning [24] and microwave phase [25]. The
coaxial spinning method used as a modified electrospinning
setup where two compounds with different solutions are pri-
marily fed in co-axial capillary channel [26]. Dapsone (4,40-dia-
minodiphenylsulfone) as a sulfone class of drugs discovered
in the early nineteenth century is a synthetic derivative of
diamino-sulfone with anti-inflammatory and anti-bacterial
properties [27]. In recent researches, sulphone compounds
have attracted considerable attention due to versatile bio-
active [28], acidic and anti-inflammatory properties. Figure
1(a) shows the molecular structure of dapsone. The emulsion
method was used to ensure the successful development
of a high-quality uniform distribution of drugs [29].
Nanoemulsions as emulsions having droplet sizes between
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10 and 200 nm are introduced as systems with high potential
for biological delivery and controlled release of drugs.
Nanoemulsions as a suitable carrier system resolve the solu-
bility problem of lipophilic drugs with increased energy dissi-
pation associated [30–32]. The size decrease of the dapsone
structures with transmutation of microemulsion phase to
nanoemulsion phase leads to improvement loading in core/
shell nanofibrous structures [33]. Electrospinning technique is
widely applicable for generating membranes and nanofibres
containing different drugs [34], and for removal or degrad-
ation of harmful organic molecules from the wastewater of
the pharmaceutical industry [35]. In recent years, many
researchers have reported synthesis and usage of many core/
shell nanofibers such Fe3O4@SiO2 [36], Bio-Inspired/-
Functional Colloidal Core-Shell polymeric [37], poly(vinyl
alcohol)/dextran nanofibers [38] and paclitaxel/chitosan co-
assembled that have been characterized by the electrospin-
ning technique [39].

In this research, initially nanoemulsion of dapsone mole-
cules was prepared by the reflux method, then we have
proved which polyacrylamide/polylactic acid core/shell nano-
fibers were able to act as a suitable carrier. The PAM/PLA
core/shell nanofibers encapsulated dapsone nanoemulsion in
the form of beads, for example, beads and rosary. One of the
most important issues in this research was an investigation
of the comparing the durability for dapsone loaded in the
polyacrylamide/polylactic acid core/shell nanofibers and the
nanoemulsion phase. The effects of experimental parameters
such as concentration, reaction time and pH as well as device
parameters containing the feed rate of the core on the
coaxial electrospinning process, the core/shell structure and
the fiber morphology were investigated using the SEM, TEM
analysis. In recent years, many studies have been conducted
on the use of nanofibers as the drug delivery system. Table 1
present a summary of nanofibers and target drugs
researches. We anticipate which dapsone loaded in core/shell
nanofibers can be used as a medicine pad for this reason.
Since the optimal pH of human skin is 5.5–7.5, we measure
pH in the range between 5.5 and 8.0 for all formulations.

Experimental

Materials and methods

All reagents were of analytical grade and were used without
further purification. Sodium hydroxide (NaOH) was purchased
from Merck Company and without any purification. Polylactic
acid (PLA) granule, (MW = 60,000 g/mol) with purity >99%
and 3 mm nominal granule size powder and polyacrylamide
(C3H5NO)n, MW = 40,000 with purity >99.9% were purchased
from Sigma-Aldrich Company. Dapsone, as an antibiotic drug
in diaminodiphenyl sulfone (DDS) group, was obtained from
pharmaceutics laboratories (KMU, Kerman) used in this study.
In this work, in the first step, we synthesized and prepared
dapsone nanoemulsions using microemulsion formulations.
Then, dapsone nanoemulsions were incorporated in PAM/PLA
core/shell nanofibers as biodegradable and bioactive com-
pounds. Therefore, this study discussed the synthesis of dap-
sone nanoemulsions loaded in PAM/PLA core/shell nanofibers
in three steps as follows: Step i: Initially, microemulsion
phase of dapsone was prepared in the present surfactant
and cosurfactant. This step is carried out to dissolve dapsone
(DAP) as hydrophobic drug molecules. Step ii: Nanoemulsion
phase dapsone was formed with external energy and tem-
perature through the reflux technique. The main strategy in
this step was sustained release of dapsone as hydrophobic
drug and the highest percentage loaded in electrospun
fibers. Step iii: loading optimization of dapsone nanoemul-
sion was carried out in PAM/PLA core/shell nanofibers struc-
tures. In this step, dapsone nanoemulsion is established as
the stable connection with the core surface (Polyacrylamide)
as the hydrophilic component.

Preparation of micro and nanoemulsion/dapsone

In a typical and creative method at the first stoichiometric
amount of Tween 80, 60, 40 as surfactant phase and Span of
20, 40, 60 as cosurfactant phase dissolved in 20 ml deionized
water under vigorous stirring with 300 rpm using a magnetic
stirrer at 45 �C for 120 min. Then, oleic acid with different

Figure 1. 3D molecular structure of dapson (a) and the XRD patterns of the polyacrylamide/polylactic acid co-assembled core/shell nanofiber structures (b).
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percentage ratio according to Table 2 was added to the
above solution. By adding the surfactant concentration, crit-
ical point (CMC) was achieved, and pH was adjusted with HCl
0.1 M and NaOH 2 M between 5.5 and 8.0 ± 0.2 with added
dropwise NaOH 2 M. In the next step, to prepare dapsone
microemulsions, 80 mg of dapsone (dapsone to surfactant,
5:1) was dissolved in 30 ml of DMF. Then, this solution was
added to the above mixture phase subsequently under reflux
system at 50 �C for 120 min. Structural characteristics and
properties of the nanoemulsions were evaluated using SEM
(Scanning electron microscopy), TEM (Transmission electron
microscopy), AFM (Atomic force microscopy), FT-IR (Fourier-
transform infrared) spectroscopy.

Preparation of PAM/PLA core/shell nanofibers
containing dapsone nanoemulsion

PAM/PLA core/shell nanofibers were prepared by the electro-
spinning method. At first, 5.0 g PAM powder was dissolved
into deionized water (25 ml) and stirred at 50 �C for 30 min.
Then, 5 ml of dapsone nanoemulsion was added to polyacryl-
amide solution and pH was adjusted between 6 and 7. To
fabricate the shell layer, a stoichiometric amount (10 wt%) of
polylactic acid was dissolved in chloroform and put in con-
stant stirring for 60 min at 45 �C. Both of the mixture solu-
tions, namely core (polyacrylamide contains dapsone
nanoemulsion) layer and shell (polylactic acid) layer were
sonicated for 10 min in 60-watt frequency to obtain a homo-
geneous mixture before using. Two concentrically arranged
capillaries exist in the coaxial spinneret. The inner capillary
had inner and outer diameters of 0.35 mm and 0.65 mm,
respectively, while the outer capillary had inner and outer
diameters of 1.05 mm and 1.20 mm, respectively.

Electrospinning device was set up with a high-voltage power
supplying generating voltages up to 30 kV, as the source of
the electric field. The feed rate of the sprayed polymer on
the controller was 1.0 ml/h with electrical potential 15 kV. In
the across process, the distance between the tip of the noz-
zle and the outer surface of the drum was 10 cm. Finally,
nanofibers were collected on a sheet of aluminium, the sys-
tem was allowed to cool to room temperature naturally, and
the obtained precipitations were collected. Scheme 1 shows
the summary of the experimental method to form polyacryl-
amide/polylactic acid co-assembled core/shell nanofibers con-
taining dapsone nanoemulsion.

Results and discussion

This work aimed to synthesis, prepare and investigate effi-
cient encapsulation and release study of the dapsone as a
lipophilic drug, and the polyacrylamide/polylactic acid co-
assembled core/shell nanofibers were selected as a vehicle to
protect and deliver nanoemulsion system such as dapsone as
a lipophilic drug.

Structural analysis (XRD)

The X-ray diffraction (XRD) as one of the most important
techniques is superior in elucidating the three-dimensional
atomic structure, phase identification and crystallographic
detection of crystalline solids. The XRD patterns of the struc-
tures were carried out between (10 < 2h < 80) and shown in
Figure 1(b). Two reflection peaks of the XRD pattern for poly-
acrylamide/polylactic acid co-assembled core/shell nanofibers
are well indexed with the calculated cell parameters. The
crystalline size and diameter (Dc) of nanofibers can be

Table 1. Review of different core/shell nanofibers for drug delivery.

Types of Nanofibers Drug in nanofibers Application Size of Nanofibers References

Polyvinyl alcohol- core /poly-e
caprolactone-shell

horseradish peroxidase preserve the enzymatic activity 135 nm [45]

Collagen Fibrin/Alginate
Core/shell

MSCs Cell encapsulation – Diabetes-
mellitus treatment

210 nm [46]

Artemisinin/PVP Core/shell Artemisinin malaria and prostate can-
cer fields

900 nm [47]

poly(lactic acid)/chitosan
(core/shell)

– antibacterial activity 484 nm [48]

paclitaxel/chitosan co-assembled
core-shell

– drug-eluting stent 200 mm [39]

Poly(L-lactide)/collagencore/shell Titanocene dichloride Antitumor activity and local
chemotherapy against human
lung tumor, graffi myeloid
tumor, glioma.

349nm [49,50]

Table 2. Reaction conditions for preparation of micro and nanoemulsion/dapson.

Sample No Dapson Con (mg/l) pH Oleic acid % Tween80% Tween60% Tween40% Span20% Span40% Span60% Emulsion Size

1 80 5.5 ± 0.2 50 25 – – 25 – – 378 ± 5
2 80 5.5 ± 0.2 40 – 30 – – 30 – 330 ± 3
3 80 5.5 ± 0.2 30 – – 35 – – 35 312 ± 7
4 80 7.2 ± 0.2 50 25 – – 25 – – 232 ± 9
5 80 7.2 ± 0.2 40 – 30 – – 30 – 321 ± 4
6 80 7.2 ± 0.2 30 – – 35 – – 35 310 ± 2
7 80 8.0 ± 0.2 50 25 – – 25 – – 292 ± 8
8 80 8.0 ± 0.2 40 – 30 – – 30 – 257 ± 5
9 80 8.0 ± 0.2 30 – – 35 – – 35 234 ± 9
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determined as �131–168 nm from the diffraction patterns,
from the full width of the half maximum (FWHM) with the
help of Debay–Scherer equations (Eq. (1–4)):

Dxrd ¼ K=b cos h (1)

Where

b ¼ Wb
2 �Ws

2
� �1=2

(2)

b ¼ FWHM (3)

for sample

b ¼ FWHM (4)

for standard use

k ¼ 1:542 A� (5)

where b is the breadth of the observed diffraction line at its
half intensity maximum, K is the so-called shape factor, which
usually takes a value of approximately 0.9 assuming the par-
ticle shape is spherical.

Morphological structure

Scanning electron microscope’s (SEM) microphotograph of
samples was evaluated with SEM (LEO 1455VP, Leo Trading
Company, Hong Kong), compeer for the Brookhaven
Instruments 90 Plus particle size analyzer at the University of
Tehran. Figure 2(a) shows the SEM image of dapsone microe-
mulsion. As the results show, the morphologies of the micro-
emulsion were cumulative of emulsions with the spherical-
like self-assembly. It is anticipated that in critical micelle con-
centration (CMC), surfactants tail containing dapsone makes
organized structures. Polyacrylamide/polylactic acid creates
core/shell nanofibers as shown in Figure 2(b), and nanofiber
structures were synthesized without any tangles and rupture.

Polyacrylamide as hydrophilic polymer putting yourself in
dapsone microemulsion Figure 2(c) shows the SEM image of
dapsone microemulsion loaded in the polyacrylamide/poly-
lactic acid as core/shell nanofibers. Results show that in some
areas of the polyacrylamide/polylactic acid core/shell nanofib-
ers, due to excessive accumulation of dapsone microemul-
sion, the strings are cut and separated. In this study, the
accuracy of the method was repeated using multiple
experiments.

Some of the key objectives of morphological structures
are mentioned in the following cases:

a. Dapsone acts as the lipophilic drug capture in micro and
nanoemulsion.

b. Polyacrylamide acts as the protect coverage against
environmental factors in the body such as pH, tempera-
ture and other materials that can react with dapsone.

c. Polyacrylamide/polylactic nanofibers acid acts as a suit-
able carrier for lipophilic drugs.

The particle size and particle size distribution of the
structures can be measured with dynamic light scattering
(DLS) analysis [40–44]. In this study size distribution of
the dapsone micro and nanoemulsion were determined
by laser-light scattering (Mastersizer 2000E, Malvern
Instruments, UK) which are shown in Figure 3. To study the
quality, shape, size, density of micro and nanoemulsion as
well as loading in nanofibers, we used (transmission elec-
tron microscopy) TEM images. In this study, TEM images
were obtained on a Philips EM208S transmission electron
microscope with an accelerating voltage of 100 kV. The
higher concentrations of dapsone molecules in micro and
nanoemulsions were self-assembled as spherical-like struc-
tures. Figure 4(a,b) indicate TEM images of the synthesized
dapsone microemulsion and drug loaded on core/shell

Scheme 1. The summary of the experimental method to formation of polyacrylamide/polylactic acid co-assembled core/shell nanofibers contains dapson
nanoemulsion.
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nanofibers, respectively. The higher density of dapsone
micro and nanoemulsion in Figure 4(b) provide more clarity
to display hollow areas.

Thermogravimetric analysis/atomic force microscopy

To investigate the thermal stability of the core/shell nanofib-
ers into the amount of weight change of a material as a
function of increasing temperature, thermogravimetric ana-
lysis (TGA) was calculated. This analysis was evaluated with
the gravimeter S-15000 model under a nitrogen with the
heating rate of 10 �C/min from 100 �C up to 400 �C. Figure
5(a) indicates TGA and DTA (derivative TGA curves for dap-
sone micro and nanoemulsion loaded in polyacrylamide/poly-
lactic core/shell nanofibers). The degradation behaviors of
dapsone in nanofibers indicate a continuous weight loss of
6.06% at the temperatures around 120–130 �C, which is
ascribed to the degradation of the surfactant phase in micro
and nanoemulsions. After 140 �C, dapsone molecules up to
240 �C will have decomposed completely by a rapid weight
loss about 96.16%. Nanofibers improved thermal stability up
to 250 �C. The weight loss increases with an increase at the
temperature up to 310 �C and the most significant weight
loss could be related to the full thermal decompose of

polyacrylamide and polylactic. Therefore, it can be concluded
that polyacrylamide/polylactic core/shell nanofibers as cover
layer carriers delayed thermal decomposite of dapsone micro
and nanoemulsions. Atomic force microscopy (AFM) has been
calculated with Nano wizard II JPK, Made in Germany. Atomic
force microscopy analysis was used to measure the surface
properties and surface topography. Figure 5(b) shows AFM
images of dapsone micro and nanoemulsion loaded in the
polyacrylamide/polylactic core/shell nanofibers. According
to the AFM images, seamless strands of nanofibers are
observed having bumps arising from dapsone micro and
nanoemulsion.

Contact-angle measurements

Majority of the failures in the new drug development have
been attributed to the poor water solubility of the drug.
The contact angle for polyacrylamide/polylactic core/shell
nanofibers, nanoemulsions and encapsulated structures (the
advancing contact angle, or hA) were measured as a func-
tion of time for different drop volumes. Figure 6(a) shows
the relationship between advancing contact angles and
time for different drop volumes. Contact angle measure-
ments were performed by dripping a drop of water on the

Figure 2. SEM image cumulative of dapsone microemulsion (a), polyacrylamide/polylactic acid core/shell nanofibers (b) dapsone nanoemulsion loaded in polyacryl-
amide/polylactic acid as core/shell nanofibers (c).

ARTIFICIAL CELLS, NANOMEDICINE, AND BIOTECHNOLOGY 921



surface under a contact angle of 90�. Contact angle meas-
urement shows that the advancing contact angle for dap-
sone micro and nanoemulsions is �24�. Hydrophilic
properties of emulsions return to the unique self-assembled
structures. With encapsulated micro and nanoemulsions on
polyacrylamide/polylactic acid, core/shell nanofibers contact
angle increases to 46�. This angle has significantly
decreased compared to 94� for polyacrylamide/polylactic
acid core/shell nanofibers.

BET analysis

Surface area evaluation and the pore size distribution preci-
sion of materials were measured under the nitrogen atmos-
phere by the Brunauer–Emmett–Teller (BET) method. The N2

adsorption–desorption isotherms of polyacrylamide/polylactic
acid core/shell nanofibers were recorded using Belsorp II-BEL
equipment (BEL Japan Inc., Osaka, Japan) that is shown in
Figure 6(b). Adsorption cross-section area, total pore volumes

Figure 3. DLS analysis of dapsone microemulsion (a), polyacrylamide/polylactic acid core/shell nanofibers (b) dapsone nanoemulsion loaded in polyacrylamide/poly-
lactic acid as core/shell nanofibers (c).

Figure 4. TEM images of the synthesized dapsone micro and nanoemulsion (a) and drug loaded on polyacrylamide/polylactic core/shell nanofibers (b).
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and dead volume were obtained as 0.162 nm2, 0.1005
cm3g�1 and 15.693 cm3 by applying the
Barret–Joyner–Halenda (BJH) method, respectively. In add-
ition, the average pore diameter was calculated as 18.63 nm
with BET analysis. The polyacrylamide/polylactic acid core/
shell nanofibers have the individual hollow spaces that these
results show high properties of polyacrylamide/polylactic acid
as the suitable carrier for lipophilic drugs.

In-vitro drug release studies

The encapsulation efficiency value was calculated using
UV–Vis spectrophotometer at 260 nm in ABS. A percentage
of 0.9 in the presence of ethanol 96% and buffer phosphate
7.2 was calculated as �99.88%. The drug entrapment effi-
ciency (DEE) of DAP in the core–shell nanofibers were eval-
uated according to Eq. (6).

EE% ¼ Wt=Wið Þ � 100% (6)

where Wt is the total amount of the incorporated material,
and Wi is the total quantity of incorporated material added
initially during the preparation. In vitro dapsone release from

polyacrylamide/polylactic acid core/shell nanofibers was
studied with UV spectrometer S-3100 SCINCO. Figure 7 shows
the cumulative release profiles of dapsone from micro and
nanoemulsions and modified with polyacrylamide/polylactic
acid core/shell nanofibers. In vitro release profiles were calcu-
lated with 10 ml of phosphate buffer (pH 6.5 and 7.2) in
0–400 min. A number of parameters such as surface erosion,
desorption and diffusion of the active agents from the sur-
face of structures in the polymeric substrates have a direct
effect on the drug release property. Incorporation of dapsone
nanoemulsion into polyacrylamide/polylactic acid core/shell
nanofibers may be a long-term promising system for ena-
bling topical delivery of dapsone. Results show that the drug
release rate of dapsone from core/shell nanofibers has longer
time compared to nanoemulsion; this is due to the creation
of a protective layer of polyacrylamide. After 400 min, 80.61%
dapsone was released from nanoemulsion structures, while
the amount of the drug released for polyacrylamide/polylac-
tic acid core/shell nanofibers modified with nanoemulsion
containing dapsone was 77.71% at the same time. The
release profile of Dapsone from the designed delivery system
follows the zero-order pattern, and dissolution of the

Figure 5. TGA and DTG curves (a) and AFM images of the synthesized for dapsone micro and nanoemulsion drug loaded in polyacrylamide/polylactic core/shell
nanofibers (b).
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Dapsone from pharmaceutical dosage forms, which do not
disaggregate and release the drug slowly, can be represented
by the following equation (Eq. (7)):

W0–Wt ¼ Kt (7)

Where, W0 is the initial amount of the drug in the
pharmaceutical dosage form, Wt is the amount of drug in
the pharmaceutical dosage form at time t, and K is the pro-
portionality constant. We can use the above equation and
matrix tablets with low, soluble drugs, coated forms, in the
case of some osmotic systems and transdermal systems. For
a better understanding and comparison, we have inserted
charts for percent released niosomegel, percent released dap-
sone solution, percent released noisome and percent
released nanofiber niosomes as the blank sample. Results
show that nanoemulsion and nanofibers modified with nano-
emulsion containing dapsone have significant differences on
release than other forms, which can be due to a significant
increase in particle size absorption.

Conclusion

In this study, dapsone molecules were entrapped in the poly-
acrylamide/polylactic acid co-assembled core/shell nanofibers
and physicochemical properties investigated. The results indi-
cate that the polyacrylamide/polylactic acid core/shell nanofib-
ers structures are synthesized with high purity. Morphological
structures of the nanofibers show beads-like structures for dap-
sone loaded in polyacrylamide/polylactic acid. The polyacryl-
amide/polylactic core/shell nanofibers act as suitable carriers
related to an increase in thermal stability of dapsone micro
and nanoemulsions. The rate of drug release polyacrylamide/
polylactic core/shell nanofibers and nanoemulsion structures
after 400 min was 77.71% and 80.61%, respectively.
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