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Background: Colon-specific pulsatile drug release, as a combined drug controlled-release 

model, is a useful drug delivery manner for a series of diseases. New nanomedicines and related 

preparation methods are highly desired.

Methods: With diclofenac sodium (DS) as a model drug, a new type of structural nanocom-

posite (SC), in which composite polyvinylpyrrolidone (PVP)–DS core was coated by shellac, 

was fabricated via modified coaxial electrospinning. For comparison, traditional PVP–DS 

monolithic hydrophilic nanocomposites (HCs) were generated using a traditional blending 

process. Scanning electron microscopy (SEM), transmission electron microscopy (TEM), X-ray 

diffraction (XRD), attenuated total reflectance-Fourier transform infrared (ATR-FTIR), water 

contact angle (WCA), and in vitro dissolution and ex vivo permeation tests were conducted to 

characterize the composites.

Results: SEM images demonstrated that both composites were linear nanofibers with smooth 

surface morphology and cross sections. TEM disclosed that the SCs had a thin shellac sheath 

layer of approximately 12 nm. XRD and ATR-FTIR results demonstrated that the crystalline DS 

was converted into amorphous composites with PVP because of favorable secondary interactions. 

WCA and in vitro dissolution tests demonstrated that the sheath shellac layers in SC could resist 

acid conditions and provide typical colon-specific pulsatile release, rather than a pulsatile release 

of HC under acid conditions. Ex vivo permeation results demonstrated that the SCs were able 

to furnish a tenfold drug permeation rate than the DS particles on the colon membrane.

Conclusion: A new SC with a shellac coating on hydrophilic amorphous nanocomposites 

could furnish a colon-specific pulsatile drug release profile. The modified coaxial process can 

be exploited as a useful tool to create nanocoatings.

Keywords: modified coaxial electrospinning, nanocoating, colon-targeted, pulsatile release, 

structural composites

Introduction
After half a century of pharmaceutical development, research on drug delivery is 

gradually extricating itself from the traditional models of drug controlled release, in 

which drug-release profiles often rely solely on the chemical and physical properties 

of pharmaceutical excipients.1–3 New combined models are frequently developed, in 

which complicated drug controlled-release profiles (such as multiple-phase release, dual 

release, controlled release of multiple active ingredients in one dosage form, simulta-

neous control release of time and initial place, or specific release of place and release 

rate) are provided for improved therapeutic effects.4–6 Among them, colon-specific 

(or colon-targeted) pulsatile drug delivery, which allows a time- and site-specific 
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release of drugs in the colon after a predetermined lag time, 

is a new advanced drug controlled-release model. It is useful 

in the treatment of common diseases, such as angina pectoris, 

bronchial asthma, allergic rhinitis, hypertension, rheumatoid 

arthritis, and colorectal cancer.7

Many efforts have been dedicated to drug colon-targeted 

pulsatile release through traditional methods on solid dos-

age forms.8–11 Vemula and Katkum reported coated tablets 

of ketorolac tromethamine, which were prepared using 

double-compression coating method.8 Similarly, Tung et al 

investigated colon-specific targeted tablets of metronidazole 

through a pectin/hydroxypropyl methylcellulose dry powder 

coating.9 Vemula also reported double-compression-coated 

mini-tablets for pulsatile colonic release of flurbiprofen,10 

as well as colon-specific pH- and time-dependent tablets.11 

However, only a few studies have reported about colon-

specific pulsatile nanodrug delivery systems using advanced 

technologies.

Nanomedicine has increasingly relied on complex 

nanostructures rather than nanosized products to achieve 

super functional performances.12–14 Among all kinds of 

nanostructures and nanodevices, core-shell (or core-sheath) 

and Janus are the most fundamental structural characteristics, 

which are frequently explored to develop novel functional 

nanomaterials.15–19 In particular, core-shell nanostructures 

(with extended nanocoating and hollow nanotube) have 

found a major application in a wide variety of fields.20 

Numerous publications have demonstrated that they are 

popular for tailoring compositions and space distributions 

within nanoproducts.21,22 Core-shell nanostructures should 

have great potential to develop materials for colon-specific 

(or colon-targeted) pulsatile drug-release profiles.

Core-shell nanostructures can be generated using top–

down and bottom–up methods.23,24 Electrospinning, as a 

typical top–down technique, is presently booming because 

of its ability to generate all types of complex nanostructures 

with the macrostructural spinneret as a template.25,26 For 

example, core-sheath nanofibers can be prepared using con-

centric spinneret, trilayer nanofibers can be obtained using 

triaxial spinneret, and Janus nanofibers can be created using 

side-by-side spinneret.27–29

In this study, a colon-specific pulsatile structural nano-

composite (SC) was fabricated using modified coaxial 

electrospinning. In the new SC, a thin shellac layer was 

coated on an amorphous hydrophilic nanocomposite (HC) 

consisting of polyvinylpyrrolidone (PVP) and drug, with the 

shellac layer ensuring a colon-targeted effect and the coated 

HC providing the pulsatile release of a poorly water-soluble 

drug, namely, diclofenac sodium (DS). Monolithic PVP–DS 

nanocomposites were fabricated through a blending process 

for comparison. DS, a typical nonsteroidal anti-inflammatory 

drug, has potent antipyretic, analgesic, and anti-inflammatory 

properties. However, it may result in severe side effects with 

high toxicity. Oral colon-specific pulsatile release is not only 

expected to provide an enhanced therapeutic effect but also 

minimizes possible side effects in the stomach.30

Macromolecules from nature including protein, polysac-

charide, and resin are popular as medical matrices, additives, 

and adhesive glue.31,32 For drug delivery applications, a wide 

variety of cellulose and their derivatives have been exploited 

as drug carriers because of their fine compatibility, safety, 

biodegradability, and amorphousness. Other types of new 

natural macromolecules are continuously discovered for 

potential applications in this region, particularly those with 

unique solubility and which can be exploited for manipulating 

specific drug delivery characteristics such as zein and shellac. 

Shellac is insoluble under acid conditions but soluble in a 

neutral environment. Thus, it can be coated on HCs so that 

SCs can resist acid erosion.

Materials and methods
Materials
DS and shellac were obtained from Hubei Biocause Pharm. 

Co., Ltd. (Wuhan, China) and Shanghai Wan-Jiang Bio-

Technol. Co., Ltd. (Shanghai, China), respectively. PVP 

(M
w
=58,000, PVP K30) was purchased from Sigma-Aldrich 

(Shanghai, China). Anhydrous ethanol was obtained from 

Shanghai Chem. Reag. Co., Ltd. (Shanghai, China). All 

other chemicals were of analytical grade. Water was double 

distilled before use.

Fabrication
All processes were implemented through an electrospin-

ning apparatus, which consisted of two syringe pumps 

(KDS100, Cole-Parmer, USA), a high-voltage generator 

(ZGF60 kV/2 mA, Wuhan Hua-Tian Co., China), a home-

made coaxial spinneret, and a fiber collector.

After some preliminary experiments, two composite 

nanofibers were prepared. One was nanofiber F1, which was 

an HC fabricated by a single-fluid blending process. A blend-

ing solution composed of 35% PVP (weight/volume [w/v]) 

and 5% DS (w/v) in ethanol was treated under an applied 

voltage of 12 kV, fiber-collected distance of 15 cm, and a 

flow rate of 1.0 mL/h.

The other was nanofiber F2, which was an SC fabri-

cated through modified coaxial electrospinning. A blending 

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of Nanomedicine 2018:13 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2397

shellac-coated composites for colon pulsatile release

solution comprising 35% PVP (w/v) and 5% DS (w/v) in 

ethanol was utilized as the core fluid. The sheath fluid was 

an unspinnable dilute shellac solution with a concentration 

of 10% (w/v). The experimental conditions were as follows: 

applied voltage of 12 kV, fiber-collected distance of 15 cm, 

core flow rate of 0.8 mL/h, and sheath ethanol flow rate of 

0.2 mL/h.

Morphology and nanostructure
The prepared nanofibers were evaluated using a scanning 

electron microscope (SEM; FEI Quanta450FEG, USA). 

Prior to microscopy, the fiber mats were sputter coated with 

platinum for 90 s. The cross-section samples were prepared 

by manually breaking fiber mats, which were inserted into 

liquid nitrogen for over 15 min. The inner structure of nano-

fibers was investigated using an H-800 transmission electron 

microscope (TEM; Hitachi, Japan).

Physical forms and compatibility
X-ray diffraction (XRD) experiments were conducted 

using a Bruker X-ray powder diffractometer (Bruker-AXS, 

Karlsruhe, Germany). The raw drug, polymer powders, 

and nanofiber samples were detected at a 2θ angle range 

of 5°–60°.

The raw PVP/DS/shellac powders and their composites 

were subjected to attenuated total reflectance-Fourier trans-

form infrared (ATR-FTIR) analyses through a spectrometer 

(Spectrum 100, PerkinElmer, Billerica, MA, USA).

Hydrophilic property and drug-loading 
capability
The hydrophilicity of the HCs and SCs was evaluated using 

a drop shape analysis instrument (DSA100, Krüss GmbH, 

Hamburg, Germany) by measuring their surface water contact 

angle (WCA). About 3 µL of pH 2.0 HCl solution or pH 7.0 

PBS (0.1 mol/L) was deposited onto the surface of a sample, 

and the receded processes of the droplet were recorded.

Encapsulation efficiency of DS in the 
nanofibers
To free the contained DS molecules from the SCs and HCs, 

0.3 g was dissolved in 100 mL of ethanol. Approximately 

0.2 mL of the resultant solution was diluted to 200 mL 

using PBS and then filtered through a 0.22-µm membrane 

(Millipore, MA, USA) for UV-vis detection at 276 nm with a 

spectrophotometer (UV-2102PC, Unico Instrument Co., Ltd., 

Shanghai, China) in accordance with the reported protocols 

in the Chinese Pharmacopoeia. Encapsulation efficiency (E) 

was calculated using the following equation:

 

E = ×
C

C
d

c

100%

 

where C
d
 and C

c
 are the experimentally detected and theoreti-

cally calculated drug concentrations, respectively.

In vitro dissolution tests
An RCZ-8A dissolution apparatus (Tian-Jin University Radio 

Factory, Tian-Jin, China) was exploited to carry out the 

in vitro dissolution tests. Samples containing an equivalent of 

40 mg of DS (ie, 0.30 g of F1 and 0.34 g of F2) were placed 

in dissolution cells containing dissolution medium (900 mL 

of HCl for the first 2 h and 900 mL of PBS for the later time 

period), which were maintained at a constant temperature 

of 37°C±1°C and a rotation rate of 50 rpm. Approximately 

5.0 mL aliquots were withdrawn from the dissolution media 

to detect drug concentrations at predetermined time points. 

The withdrawn volume was replaced with 5.0 mL of fresh 

medium to maintain the bulk dissolution media at a constant 

volume. All experiments were repeated 6 times.

ex vivo permeation tests
An RYJ-6A diffusion test apparatus (Shanghai Huang-Hai 

Drug Control Instrument Co., Ltd., Shanghai, China) was 

exploited to conduct the ex vivo permeation experiments. 

The diffusion area of each cell was 2.60 cm2. Each donor and 

receptor compartment was filled with 1 and 7.2 mL of PBS, 

respectively. A Teflon-coated magnetic bead in the receptor 

compartment was rotated at 50 rpm. The large pig intes-

tines (obtained from Bao-Shan Jiang-Wan slaughterhouse, 

Shanghai, China) were cleaned using physiologic saline (NaCl 

0.9%, w/v) before the colonic membranes were peeled off. 

The diffusion cells were covered with the peeled membranes 

and and equilibrated for 30 min at 37°C before permeation 

experiments. The SC (85 mg) was placed on the mucosal 

surfaces. At a predetermined time point, a 1 mL aliquot was 

withdrawn from the receptor compartment, and 1 mL of fresh 

PBS was added. The aliquots were filtered through a 0.22-µm 

film (Millipore, Billerica, MA, USA) before UV detection. All 

measurements were conducted in triplicate. Permeation experi-

ments were performed with 10 mg of raw DS as a control.

Results and discussion
Modified coaxial electrospinning
In 2002, Locertales et al first reported coaxial electrohydro-

dynamic atomization.33 In 2004, coaxial electrospinning was 
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thought to be one of the most important breakthroughs in this 

field.34 In 2008, Morghe and Gupta declared that sheath fluids 

should be spinnable and have sufficient viscosity to eliminate 

the interfacial tension between the two working fluids for a 

successful coaxial process.35 However, Yu et al corrected 

this concept to develop a series of modified coaxial and 

triaxial electrospinning processes, which are characterized 

by the unspinnable sheath working fluid.36–40 A schematic of 

the modified coaxial system is shown in Figure 1A, which 

consists of a high-voltage generator, two pumps, a fiber 

collector, and a spinneret. When the shell fluid (F
s
=0) is 

switched off, traditional single-fluid blending electrospinning 

can be implemented using the same system.

Shellac, as a natural polymer, has been demonstrated to 

be electrospinnable. However, a high concentration of up to 

75% (w/v) is needed to ensure a bead-free linear structure.41 

Thus, a thick sheath layer was inevitable when traditional 

coaxial electrospinning was exploited to prepare the core-

sheath nanostructures, where an electrospinnable sheath 

solution was applied. Thus, modified coaxial electrospinning 

can exert its advantages over traditional coaxial processes 

in that a uniform thin layer can be generated on the core 

composites. The thin layer is useful for the pulsatile release 

profile because of the rapid removal of the shellac layer 

when the nanofibers were transferred into a neutral condition. 

SCs with thin shellac nanocoating were designed using the 

modified coaxial process (Figure 1B). The thin shellac layer 

was expected to resist the acid conditions in the stomach, 

and the inner PVP-based composites could be dissolved 

all at once when they encountered water. The sheath and 

core parts acted synergistically to provide colon-specific 

pulsatile release.

Figure 2 shows the electrospinning systems (Figure 2A), 

arrangement of the apparatuses (Figure 2B and C), and 

working processes of single-fluid blending electrospinning 

(Figure 2D1 and D2) and modified coaxial electrospinning 

(Figure 2E1 and E2). An image of the homemade coaxial 

spinneret is shown in the inset of Figure 2A. The syringe 

contained the core fluid connected with the spinneret directly, 

whereas the sheath fluid was pumped to the spinneret through 

a silicon tube (Figure 2B). An alligator clip was exploited 

to transfer the electrostatic energy to the working fluids 

(Figure 2C).

Under the selected conditions and no sheath fluid, a 

typical single-fluid blending electrospinning process is shown 

in Figure 2D1, where a straight fluid jet followed by numer-

ous bending and whipping circles was obvious. An enlarged 

Taylor cone is shown in Figure 2D2. For the sheath shellac 

solution provided to conduct modified coaxial electrospin-

ning, the working processes and compound Taylor cone are 

illustrated in Figure 2E1 and E2, respectively. The shellac 

solution had a reddish brown color. Under strong camera 

flash, the sheath solution exhibited a hazel color, with a dis-

cerned colorless core solution at the tip of the Taylor cone 

(Figure 2E2). Both single-fluid electrospinning for preparing 

HC and the modified coaxial process for preparing SC were 

able to run smoothly and continuously, generating nanofibers 

of high quality.

Morphology and nanocoating
The SEM images of the surface morphologies of HCs and 

SCs are shown in Figure 3A and B, respectively. Both HCs 

and SCs displayed linear morphology without any beads or 

spindles. The monolithic HC F1 nanofibers had an average 

Figure 1 Schematic of the modified coaxial system (A) and the designed SCs with shellac nanocoating (B).
Abbreviations: DS, diclofenac sodium; PVP, polyvinylpyrrolidone; SCs, structural nanocomposites.
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Figure 2 Implementations of the electrospinning processes.
Notes: (A) The whole electrospinning system. Inset shows the homemade coaxial spinneret; (B) the connections of spinneret with the syringes; (C) linkage of spinneret with 
the power supply; (D1 and D2) typical images of the single-fluid blending electrospinning process and Taylor cone for preparing HC, respectively; and (E1 and E2) typical 
images of the modified coaxial electrospinning process for fabricating SC.
Abbreviations: HC, hydrophilic nanocomposites; SC, structural nanocomposite.

Figure 3 Scanning electron microscopy images of the surface morphologies of F1 (A) and F2 nanofibers (B) and the cross sections of F1 (C) and F2 (D), respectively.
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diameter of 720±80 nm, whereas the core-sheath SC F2 

nanofibers had an average diameter of 570±40 nm. Their 

cross sections are exhibited in Figure 3C and D, respectively, 

which suggested that no solid phase separations occurred 

during both single-fluid and modified coaxial processes. 

The surface and cross-section morphologies revealed that 

F2 had a higher quality than F1 in terms of diameter and size 

distribution. The F2 nanofibers presented a smaller diameter 

and a narrower size distribution than F1. The dilute shellac 

sheath solution not only had a lower concentration than the 

core fluid, but it also extended the time at which the core 

solutions were drawn under the electrical field. The sheath 

shellac solution should resist possible negative influences 

from the environment for generating nanofibers stably and 

robustly. These factors acted together to produce core-shell 

SC nanofibers of high quality.

The TEM images of F1 and F2 nanofibers are shown in 

Figure 4A and B, respectively. F1 nanofibers had a mono-

lithic structure, suggesting that they were homogeneous nano-

composites. By contrast, F2 nanofibers had distinct core-shell 

structures. Their sheath layer had an estimated thickness of 

12 nm. However, the core parts of F2 nanofibers had uniform 

structures without any separated particles, suggesting that 

they were core-sheath SCs with a shellac nanocoating on the 

core homogeneous composites.

Physical form and compatibility
Raw DS particles are crystalline materials, as suggested by 

the sharp peaks in its XRD patterns (Figure 5). By contrast, 

both shellac and PVP are amorphous polymeric carriers. 

After treatment by the two electrospinning processes, the 

working fluids were similarly converted into solid nanofi-

bers. Both HCs and SCs were amorphous with two halos 

at their XRD patterns. These results suggested that the raw 

DS crystallines were distributed into the PVP matrices in a 

molecular manner in monolithic HC and, similarly, in the 

core parts of SC. The nanocoating processes by modified 

coaxial electrospinning did not influence the conversions of 

DS from the original crystalline state to amorphous state. 

Although a dilute solution was applied during the coaxial 

processes, rapid electrospinning still completed the drying 

processes at a timescale of 10 ms. The extremely rapid pro-

cesses duplicated the concentric structure of the spinneret 

for realizing a sheath coating. They also propagated into 

the core parts of the solid nanofibers, thereby altering the 

physical arrangement of the components in the core fluids 

and creating homogeneous core nanocomposites.

Compatibility between the guest drug and host matrices 

is crucial for the stability of nanocomposites.42 Therefore, 

ATR-FTIR experiments were conducted to detect the 

possible secondary interactions between the components. 

The spectra of the raw materials and their electrospun 

composites are shown in Figure 6. The raw DS powders 

had characteristic peaks at 1,578, 1,507, and 1,453 cm−1; 

these peaks were attributed to carbonyl groups and benzene 

rings. However, these typical peaks and also those in the 

finger regions of DS disappeared from the spectra of F1 and 

F2 nanofibers. This phenomenon demonstrated that no DS 

Figure 4 Transmission electron microscopy images of F1 (A) and F2 nanofibers (B).
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crystalline lattices existed in F1 and F2 nanofibers, revealing 

the fine compatibility between DS and PVP in the HC and 

the core parts of SC.

Additionally, the characteristic peaks of shellac at 1,702 

and 1,087 cm−1 were very strong in the spectra of SC. These 

peaks suggest that SC is a “hybrid mixture” of shellac and 

DS–PVP composites, giving a hint of the core-sheath nano-

structure. This situation may also be related to the detection 

depth of 100 nm in ATR-FTIR because the spectra of SC 

reflected the absorbance from the sheath shellac and partial 

core DS–PVP composites.

The chemical formula of raw materials is shown in 

Figure 6. The C=O groups in PVP and N−H groups in DS 

suggest that hydrogen bonds formed between DS and PVP 

molecules. Attractive electrostatic interactions should also 

occur between the negative and positive groups in the DS 

and PVP molecules. Hydrophobic interactions may occur 

between the long carbon chain of PVP and the benzene rings 

Figure 5 X-ray diffraction patterns.
Abbreviations: DS, diclofenac sodium; PVP, polyvinylpyrrolidone.

θ

Figure 6 aTr-FTIr spectra and the molecular formula of components.
Abbreviations: ATR-FTIR, attenuated total reflectance-Fourier transform infrared; DS, diclofenac sodium; PVP, polyvinylpyrrolidone.
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of DS. Thus, secondary interactions, including hydrogen 

bonding, electrostatic interactions, and hydrophobic interac-

tions, play a fundamental role in promoting the homogeneity 

of HC and core of SC.

Hydrophilic properties
WCAs of HCs and SCs were measured by placing 3 µL drop-

lets with different values on the nanofiber mats. As shown 

in Figure 7, the droplets disappeared after 5 s when they 

were placed on the top of HCs either at pH 2.0 or 7.0. The 

PVP-based composites (or often called solid dispersions in 

pharmaceutics) have high hydrophilicity, which can promote 

the loaded poorly water-soluble drugs to be dissolved within 

several seconds.42,43 Thus, the drug may be released in a 

pulsatile manner in the mouth or stomach provided that 

these HCs are converted into solid dosage forms and admin-

istered orally.

The SCs presented significantly different performance 

when droplets with different values were applied. At 5 s, 

the WCAs at pH 2.0 and 7.0 were 81° and 73°, respec-

tively. At 30 s, the differences were evident, with values of 

70° and 34° for acid and neutral conditions, respectively. 

These differences were closely related to the sheath shellac 

nanocoating, which could resist the acid droplets but could 

not reject the neutral liquid. The dissolution of shellac at pH 

7.0 resulted in the rapid removal of droplets on SC.

In vitro dissolution profiles
As anticipated, the encapsulation efficiencies were around 

100% for both the single-fluid and modified coaxial elec-

trospinning products. Regardless of how many fluids were 

treated simultaneously via electrospinning, it is essentially 

a fluid-drying process with an extremely fast speed. During 

electrospinning, the evaporation of volatile ethanol did not 

result in the escape of drug molecules to the environment.

The in vitro drug-release profiles of the raw DS particles, 

HCs, and SCs are exhibited in Figure 8. The raw drug par-

ticles freed the DS molecules very slowly because of the 

Figure 7 WCAs of HC (F1 nanofibers) and SC (F2 nanofibers) using droplets with different pH values.
Abbreviations: HC, hydrophilic nanocomposites; SC, structural nanocomposite; WCA, water contact angle.

°

°

°

°

°

°

Figure 8 In vitro drug dissolution from the composites and raw DS particles.
Abbreviation: Ds, diclofenac sodium.
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high lattice energy. HCs disappeared to release the loaded 

DS all at once, providing a pulsatile release at pH 2.0 dis-

solution media. By contrast, SCs released only 7.1%±2.8% 

of its cargoes at the first 2 h but exhausted all the DS 10 min 

after it was transferred into neutral dissolution media. The 

insolubility of shellac enabled the core nanocomposites to 

resist low-pH environments in the simulated gastric fluids. 

In neutral-pH conditions of the simulated intestinal fluid, 

the SCs quickly disappeared and released the embedded 

DS, suggesting a typical colon-specific pulsatile drug-

release profile.

ex vivo permeation
The permeation results are exhibited in Figure 9. DS, a 

biopharmaceutical class II drug, can easily penetrate fatty 

membranes but is difficult to dissolve. After 60 min, only 

0.34±0.13 mg of the DS molecules was transmitted into 

the receptor cells. The slow dissolution of DS resulted in 

two negative influences on effective permeation. First, the 

amount of DS molecules in the donor cell was limited. 

Second, the concentration differences between the two 

cells were minimal. Thus, the passive transmembrane was 

weak. For the SC, 7.12±1.14 mg of the DS molecules was 

transmitted into the receptor cells, indicating over 20-fold 

permeation efficiency compared with the raw DS particles. 

This result reflects the situation of many commercial DS 

dosage forms, such as tablets from dry powder compression 

and capsules.

Conclusion
A core-shell SC was successfully prepared using modified 

coaxial electrospinning, by which a pH-sensitive shellac was 

coated on amorphous HCs. Compared with the monolithic 

HC from single-fluid blending electrospinning, the SCs 

exhibited higher quality in terms of diameter and size dis-

tribution, as demonstrated by their SEM and TEM images. 

XRD patterns demonstrated that DS was converted into an 

amorphous status in the HCs and SCs because of the fine 

compatibility between PVP and DS. WCA experiments veri-

fied that the SCs could resist the erosion of acid conditions. 

In vitro dissolution tests verified that SCs could provide a 

typical colon-specific pulsatile release, rather than a pulsatile 

release of HCs in acid conditions. Ex vivo permeation tests 

demonstrated that the SCs provided an over 20-fold drug 

permeation rate compared with the DS particles on the colon 

membrane. Nanostructures play important roles in designing 

new nanomedicines, and modified coaxial electrospinning is 

a useful tool for creating new nanostructures.
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