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Abstract

In the present study, a drug-delivery system based on electrospun nanofiber was
developed. Polyamide (PA) as a fibers matrix was employed for the delivery of the
anticancer drug doxorubicin (DOX). The nanofiber (NFs) was initially modified
by incorporating p-cyclodextrin (f-CD) to generate an inclusion complex of $-CD
and drug. The modified nanofiber was subsequently fabricated via an electrospin-
ning approach of DOX/B-CD-incorporated PA. For understanding the role of 3-CD
in the inclusion of DOX, a DOX-incorporated nanofiber (i.e., PA/B-CD) was fab-
ricated for comparison. f-CD enhanced the loading of DOX into PA NFs, result-
ing in an increased loading efficiency of 56% (PA/B-CD/DOX), compared to 47%
for PA/DOX. In addition, the release profile of DOX and the effect of $-CD on the
release behavior were investigated. The results demonstrated a substantial release of
the drug (total release = ~92%) from PA/B-CD/DOX NFs, with a slower release rate
(within 4 days) compared to PA/DOX without f-CD (total release= ~77%). Con-
sequently, f-CD played a significant role in the sustained release of the drug. The
viability of prostate cancer and LNCap cells in response to the drug was assessed
for the NFs. The decreased cell viability observed in PA/B-CD/DOX indicates a sus-
tained and controlled release behavior for this drug carrier system.
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Introduction

Cancer is one of the diseases with a relatively high rate of mortality for humans.
Numerous strategies have been applied to halt cancer cell proliferation and recur-
rence, such as chemotherapy and radiotherapy after surgery. The challenge is the
emergence of adverse effects and poor efficacy, as the anticancer drugs affect both
cancer and healthy cells [1]. Therefore, sustained and targeted drug-delivery sys-
tems, based on localized drug-delivery systems, have been developed to tackle the
above-mentioned problems of particularly chemotherapy [2].

Polymeric nanofibers (NFs) have found much attention in medicine due to their
high surface area-to-volume ratio, porosity, structural flexibility, and relatively easy
fabrication [3]. They have been used for drug delivery [4, 5], cancer therapy and
diagnosis [6], tissue engineering (e.g., wound dressing/healing) [7-11], photody-
namic therapy [12], and bioelectronic devices [13]. For the purpose of drug delivery,
numerous drug-loaded nanofibers have been designed using a variety of biopoly-
mers [14] and biocompatible synthetic polymers such as poly(lactic acid) (PLA)
[15], polycaprolactone (PCL) [16], polyvinyl alcohol (PVA) [17], and polyamide-6
(PA6) [18]. Each of the above-mentioned polymers has certain beneficial features
and limitations. For instance, PCL possesses good durability but exhibits low
mechanical strength and lacks cell binding sites [19]. Conversely, while PVA shows
good flexibility, it suffers from low mechanical strength, limited biodegradability,
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and its water solubility makes it unsuitable for wound dressing applications [19]. In
contrast, polyamide-6 (i.e., nylon 6; polycaprolactam), as a synthetic, semicrystal-
line, biodegradable, and biocompatible polymer, offers excellent mechanical stabil-
ity and high resistance to biological media [20]. Despite the high surface area of PA
NFs, they exhibit a certain degree of brittleness, and the fabrication process involves
the use of volatile solvents (e.g., formic acid, dimethylformamide) [21]. In general,
PA proves to be a suitable base polymer for producing uniform and mechanically
stable NFs.

Numerous techniques have been introduced to fabricate nanofibers such as tem-
plate synthesis, bicomponent extrusion, self-assembly, phase separation, solution/
melt blowing, centrifugal spinning, wet/dry/melt spinning, and electrospinning
[3]. Among them, electrospinning (or electrohydrodynamic jetting) is an effective,
accessible, variable, and straightforward technique, which is applicable to polymer
solutions and melts [3, 22, 23]. Drug molecules can easily integrate into the pol-
ymer matrix before the electrospinning process and/or mix with the polymer dur-
ing coaxial electrospinning [24]. It has been found that with the incorporation of
the drug into the polymer, before electrospinning, the recrystallization of the drug
is prevented [3]. One of the applications of electrospun nanofibers is to design
implantable drug-loaded scaffolds [1] after the tumor resection (i.e., post-surgery
treatment), and drug-loaded mats for wound dressing/healing [25]. In fact, the aim is
drug delivery to the target (e.g., organ, tissue), release them at a sustained rate via a
diffusion-controlled manner, and suppress the cytotoxicity of drugs [26].

Numerous electrospun nanofibrous mats have been developed for the local-
ized delivery of drugs to the target such as poly(caprolactone)/poly(vinyl alcohol)/
collagen loaded with Momordica charantia pulp extract for wound dressing [27],
poly(vinyl alcohol)/gum tragacanth/MoS, electrospun for the delivery of tetracycline
[28], and dextran/polycaprolactone/graphene oxide patch for transdermal delivery of
antibiotic [29]. Moreover, PCL/soy protein isolate [30] and polyacrylonitrile/Aloe
Vera extract [31]) were applied for wound healing, while ethyl cellulose/polyvi-
nylpyrrolidone [32] was used in skin tissue engineering.

One of the primary challenges in the development of drug-delivery systems is
mitigating the therapeutic impact of the drug due to a fast release profile. However,
designing a sustained drug release system can ensure the drug’s efficiency. To con-
trol release kinetics, a secondary carrier is generally employed to incorporate into
the polymer matrix [6, 24]. For instance, cyclodextrin (CD) offers a well-defined
cavity for hosting a variety of guest molecules particularly drugs. CDs are water-sol-
uble and crystalline natural cyclic oligosaccharides, which are synthesized by cycli-
zation of six to eight of D-glucopyranosyl residues via a-1,4-linkage [33]. There are
three distinct types of CDs; a, B, and y-CD, which are formed from six, seven, and
eight building blocks, respectively. They have truncated cone-shaped structures with
identical depths of ~0.8 nm and inner diameters of 0.57, 0.78, and 0.95 nm for a, B,
and y forms, respectively [34]. Among CDs, B-CD is an inexpensive form (due to
the easier manner of purification) with a moderate cavity size [33]. The existence
of hydroxyl groups on the secondary face (wider side) and hydroxymethyl groups
on the primary face (narrow side) provide hydrophilic nature on the external part of
the CDs [34], but B-CD has a low water solubility at room temperature. However,
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the inner cavity shows less hydrophilicity (arising from glycosidic oxygens and C-H
units) [35], which could be beneficial for a host—guest complex of organic molecules
[36, 37]. CDs have been used not only in carrying drugs, but also in facilitating drug
transport into the cells through membrane barriers [38]. It has been also found that
CDs can preferably absorb in the colon rather than the stomach and small intestine
[38], thus it can benefit the design of targeted drug-delivery systems.

In the current work, polyamide-based nanofibers were fabricated via an electro-
spinning technique for the delivery of the anticancer drug, doxorubicin (DOX). PA
6 was chosen as the base polymer due to its high biocompatibility, biodegradabil-
ity, and mechanical stability [20]. f-CD was incorporated into the polymer matrix
to control the release kinetics of the drug. Additionally, f-CD can stabilize DOX
through the formation of a complex, inhibiting the self-association of DOX mole-
cules. The pharmacological efficacy of the drug can be compromised by its tendency
to aggregate [39]. The structure and physical properties of the as-prepared PA/B-CD/
DOX patch were studied by SEM, TGA, FTIR, PXRD, and water contact angle. The
swelling behaviors, drug loading/releasing, and cell viabilities were also evaluated.

Experimental
Chemicals

Polyamide (nylon 6; MW: 224.30 g mol™!) was purchased from Poly-science, Inc.
p-cyclodextrin, formic acid, methanol, and phosphate buffer saline (PBS) were pur-
chased from Sigma-Aldrich. Doxorubicin hydrochloride (DOX: HCI, purity >95%)
was purchased from Iran Pharmaceutical Co. The LNCap was a human prostate can-
cer cell line purchased from LONZA Biologics (Slough, UK). Gentamicin (from
Troge Medical, Germany), powder medium (from Gibco, UK), ethanol (99.9%,
from Scharlau), and Trypsin-ethylenediaminetetraacetic acid (EDTA) powder (from
Gibco, UK) were also obtained from suppliers.

Formation of B-CD/DOX complex

The f-CD/DOX complexes were prepared by mixing different molar ratios (1:1, 1:2,
1:3) of f-CD: DOX solutions. B-CD and DOX were initially dissolved separately in
deionized water (30 mL) and then mixed by stirring for 12 h. The final solution was
dehydrated by freeze-drying.

Fabrication of electrospun NFs

The NFs were prepared by dissolving polyamide (11.7% w/v) in formic acid and mix-
ing with f-CD/DOX complex. The mixture was stirred for 12 h to form a homogeneous
state. A semi-industrial electrospinning machine, made by Iran’s Fanavaran Nanoscale
Co., was used for electrospinning. The effective parameters of the electrospinning pro-
cess were set accordingly by applying a spinning voltage of 25 kV and an advancement
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rate of 0.5 mL h™! at a receiving distance of 15 cm at room temperature. A grounded
aluminum foil was used as a receiving device to collect nanofibers.

Characterization

The morphology of NFs was studied by scanning electron microscopy (SEM) using
an XL30 Philips microscope with an accelerating voltage of 20.0 kV. The samples
were sputtered with gold before analysis. The diameters of NFs were determined using
Image-J and OriginLab software. Fourier transmission Infrared spectroscopy (FTIR)
was used to investigate the presence of functional groups with a spectrophotometer of
BIORAD-FTS-7PC. The thermal stability of the NFs was assessed by thermogravi-
metric analysis (Perkin Elmer, sta6000) at the heating rate of 10 °C min~' under N,
flow. Powder X-ray diffraction (PXRD) was used to record the crystalline structure of
NFs using a Philips Pert Pro diffractometer with CuKa radiation (1=1.54 A) at 40 kV.
The contact angle technique (CA) was used to determine the degree of hydrophobicity
or hydrophilicity of NFs surface. The measurement was carried out by a Drop Sessile
method using an instrument (model: JIKAN) and the angles were determined using
Image-J software. The drug loading and release were determined by a UV—vis spectro-
photometer (Varian, Cary 100).

Water absorption test (Swelling test)

The capability of the NFs in the absorption of water was carried out at 37 °C (pH 7.4).
A piece of NFs was weighed and then submerged in a water tank at different times of
15, 30, 90, 120, and 150 min. After that, the samples were withdrawn, dried with fil-
ter paper, and weighed again. The content of water absorption (W) is calculated using
Eq. (1):

W = (W, = Wy)/W, x 100 6))

The W, and W, are the weight of dry and wet NFs, respectively. An average value
was obtained from three similar samples at the same conditions [40].

Encapsulation efficiency: drug loading and release

The encapsulation efficiency (EE %) was calculated by measuring the drug loading
(DL %) of DOX in PA NFs using a UV-vis spectrophotometer at the 4,,,, of 286 nm
(corresponding to DOX). The EE% and DL% are calculated using Egs. (2) and (3),
respectively:

EE(%) = (X —Y)/X x 100 )

DL (%) = (X/Z) x 100 3)
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where X is the primary concentration of DOX, Y is the concentration of remaining
DOX in the solution, and Z is the weight of the freeze-dried NFs after DOX loading
[41].

The drug release from NFs was investigated using a dialysis bag in phosphate
buffer (pH=35, 7.4, 9). Briefly, 100 mg of the sample was placed in a dialysis bag
immersed in 50 mL phosphate buffer solution (pH="7.4) and put on a shaker incuba-
tor (100 rpm at 25 ‘C) for a different time interval. 2.0 mL of the solution was taken
from the released medium at predetermined intervals, while a similar amount of
buffer solution was replaced. The amount of DOX was determined using a spectro-
photometer at the 1., of 286 nm. The experiments were repeated identically three
times.

max

Cell culture and treatment

Prostate cancer and LNCap cells were cultured in RPMI 1640 supplemented with
10% fetal bovine serum and gentamicin drug in a 5% humidified CO, atmosphere at
37 °C. The cells were detached using trypsin, washed twice with 5 mL PBS and cen-
trifuged for 5 min at 1500 rpm. The cells were seeded in 96-well plates (5000 cells/
well) and incubated at 37 °C for 24 h to adhere properly. After that, the cells were
exposed to the PA NFs with different p-CD:DOX molar ratios (1:1, 1:2, 1:3). The
exposure was carried out for three replicates. The treated 96-well plates were incu-
bated at 37 °C for 24 h. Cell viability was determined using an MTT-based assay
[42]. A microtiter plate reader measured the corresponding absorbance of the cells
at the wavelength of 570 nm.

Results and discussion
Characterization of NFs

The electrospinning technique was used for the fabrication of polyamide (PA) NFs
as a drug carrier of DOX. f-CD was employed to enhance the loading of the drug
via an inclusion phenomenon. The as-prepared electrospun NFs were thoroughly
characterized by SEM, FTIR, PXRD, and swelling tests. Figure 1 shows the SEM
images of NFs with different loading of p-CD/DOX complex. The NFs were uni-
form with good smoothness on the surface without the formation of any beads or
defects. The addition of additives, DOX and/or f-CD/DQOX, into the polymer matrix,
did not generate any defect or inhomogeneity in the structure of the NFs. The
diameter of the NFs was measured, and the results of size dispersity are given in
Fig. 1. The diameter of NFs can be controlled by several parameters such as mate-
rial composition, drawing speed, and solvent evaporation rate [12]. Since the latter
two parameters remained almost constant during the fabrication, the composition of
the polymer solution becomes the primary determining factor. It was found that by
the addition of DOX into PA, the average diameter of the resulting NFs decreased
from 139438 nm to 122 +32 nm. It might be due to the reduction of PA viscosity
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Fig.1 SEM images of a PA, b PA/DOX, ¢ PA/B-CD/DOX (1:1), d PA/B-CD/DOX (1:2), e PA/B-CD/
DOX (1:3)
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Fig.2 The TGA curves of PA, §-CD, PA/DOX, and PA/f-CD/DOX (1:1, 1:2, 1:3) NFs

caused by the incorporation of DOX. Monteiro et al. reported [43] that conductivity
and viscosity of the polymer solution can influence NFs diameters. They found that
the introduction of tetracycline and tetracycline/p-CD (1:1 ratio) in a certain amount
resulted in a reduction in the diameter of PCL due to a decrease in the conductivity
and viscosity of the precursor mixture solution. Further reduction in the size was
also observed for the NFs with the incorporation of f-CD/DOX complex. Although
the addition a higher amount of DOX had no adverse effect on the morphology of
the NFs, the corresponding diameter increased (Fig. 1d, e). The increase in diameter
might be attributed to the increased viscosity of the polymer solution with the fur-
ther addition of the drug [4, 9]. A similar result was reported by Ranjbar-Moham-
madi and Bahrami, where the diameter of PCL increased with the rising viscosity of
the polymer solution containing gum tragacanth [44]. The smoothness in the mor-
phology of NFs indicates that the drug complex (i.e., B-CD/DOX) was uniformly
distributed in the polymer matrix.

The thermal stability of NFs was investigated by thermogravimetric analysis
(TGA). The TGA curves (Fig. 2) showed that PA NFs were stable up to 400 °C. By
incorporation of the DOX and p-CD/DOX complex into the PA, the thermal stabil-
ity of the resulting PA/B-CD/DOX NFs was reduced and the structures started to
degrade at the temperature above 350 °C. This temperature is correlated to the deg-
radation of 3-CD as the thermal behavior of f-CD showed two obvious regimes cor-
responding to the dehydration and degradation above 100 (14 wt.% mass loss) and
300 °C (86 wt.% mass loss), respectively [43, 45]. By inclusion DOX to -CD, the
thermal stability of PA/B-CD did not change.

Figure 3 exhibits the FTIR spectra of the NFs, f-CD, and DOX. The spectrum
of PA NFs showed the vibration bands at 3305, 2931, 2860, 1645, and 1539 cm™!
corresponding to the stretching N-H, asymmetric C—H, symmetric C-H, C=0, and
bending N-H bonds, respectively [46]. In the spectrum of B-CD, the characteris-
tic vibration modes were found at 3363 (O-H), 2926 (stretching C-H), 1641 cm™!
(bending O-H), and 1029 (C-0O-C) cm™! [47]. For DOX, the absorption bands of
3430, 1635, and 1093 cm™~! were assigned to the stretching O—H, bending N-H, and
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Fig.3 FTIR spectra of PA, f-CD, DOX, and PA/f-CD/DOX (1:1, 1:2, 1:3)

stretching C—O vibrations, respectively [45]. The spectrum of PA/B-CD/DOX show
a combination of the characteristic peaks of the components. Two new peaks at 1273
and 1197 cm™" were probably related to a peak overlapping of DOX and B-CD with
those in PA peaks.

The PXRD patterns (Fig. 4) for NFs demonstrated two signals at 26 of 21° and
23.8°, which were identical to the characteristic peaks of PA [46]. The broad peaks
observed in PA can be associated to the formation of crystalline defects during the
electrospinning process [46]. By the addition of DOX and B-CD/DOX into PA, the
corresponding broad peak of PA significantly intensified and split into two peaks,
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Fig. 4 PXRD patterns of PA, PA/DOX, and PA/f-CD/DOX (1:1, 1:2, 1:3)

indicating a higher degree of crystallinity in PA/B-CD/DOX. It appears that the crys-
tallinity of B-CD and DOX contributes to the enhanced crystallinity of PA/B-CD/
DOX. Conversely, the crystallinity of the p-CD/DOX complex and its structural
order may decrease with an increase in the number of DOX molecules in the com-
plex in PA/B-CD/DOX(1:3). It can be inferred a higher structural order and a greater
stability constant in a complex formed between B-CD and monomeric or dimeric
DOX [48].

The water contact angle measurement was conducted to determine the degree of
hydrophilicity/hydrophobicity of NFs (Fig. 5). PA exhibited a hydrophilic nature,
with a contact angle of ~55.9+4°, due to the presence of amide groups. The contact
angle of PA was increased to ~59.2 +4° after the introduction of -CD, indicating a
reduction in hydrophilicity. In addition, the contact angle was further increased with
the addition of DOX and B-CD/DOX into PA. The corresponding values of 60.7°,
61.9°, 60.0°, and 65.9° were obtained for PA/DOX, PA/B-CD/DOX(1:1), PA/B-CD/
DOX(1:2), and PA/B-CD/DOX(1:3), respectively. By increasing the hydrophobicity
of PA/B-CD/DOX compared to PA, the compatibility of the drug carrier with the
body’s internal membrane, which is hydrophobic nature, is enhanced, thereby facili-
tating drug release.

Swelling test

The swelling test is typically used to evaluate the ability of polymeric materials to
absorb solvent in their polymeric networks, and the nature and amount of interac-
tion between polymer and solvent. PA exhibits hydrophilicity through the hydrogen
bonding of amide groups with water, while the addition of p-CD reduces the hydro-
philicity (water resistance), therefore the swelling behavior can be tuned with addi-
tives. Figure 6 displays the degree of swelling (inflation rate) of different NFs in
water. As can be expected, with the addition of B-CD/DOX complex into the PA
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Fig.5 Water contact angle of a PA, b PA/B-CD, ¢ PA/DOX, d PA/f-CD/DOX (1:1), e PA/B-CD/DOX
(1:2), and f PA/p-CD/DOX (1:3)

250 —m—PA —d—PA/B-CD >~ PA/B-CD/DOX(1:1)
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Fig.6 Swelling test for PA, PA/B-CD, PA/DOX, and PA/B-CD/DOX (1:1,1:2,1:3)
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Tablg 1 Encapsulation ) NFs EE (%) DL (%)

efficiency and drug loading of

nanofibers PA/DOX 97.4+4.6 472+1.0
PA/B-CD/DOX(1:1) 98.6+2.4 55.1+2.6
PA/p-CD/DOX(1:2) 91.6+7.0 559+29
PA/B-CD/DOX(1:3) 89.8+5.6 53.1+1.6

NFs the swelling degree was reduced, and a further increase in p-CD/DOX ratio
caused more reduction in the water absorption. Therefore, the composite NFs can be
sufficiently stable in the presence of water, which could be beneficial for real appli-
cations in biological systems.

Encapsulation efficiency and drug release

By immersing PA in a solution of f-CD/DOX with different p-CD:DOX ratios of
1:1, 1:2, 1:3, the EE and DL were calculated for the nanofibers (Table 1). The drug
loading in PA/DOX was attributed to the encapsulation of the drug molecules within
the polymeric network of the NFs. The presence of p-CD further enhanced drug
loading through strong interactions between -CD and DOX.

The capability of the drug-loaded PA in the release of the drug was investigated
in different pH (5, 7.4, 9) for four days (Fig. 7). Given the pH difference between
healthy (pH=7.4) and abnormal (pH=4-6) tissues, an acidic medium (pH=35)
was examined to simulate conditions on the surface of cancer cells [49]. Addition-
ally, pH=9 was selected to study due to the weak alkaline conditions associated
with chronic wounds [50, 51]. The fastest rate of drug release was observed in the
first 10 h for all drug carriers. PA/DOX exhibited the highest drug release of ~55%
within 10 h and the release continued slowly over time to reach a maximum release
of ~77%. For PA/B-CD/DOX samples, a drug release of ~33-38% was observed in
10 h and the release continuously increased to a maximum of ~90-93%. Among
PA/B-CD/DOX NFs, PA/B-CD/DOX(1:1) showed higher total release (~93%) than
PA/B-CD/DOX(1:2) and PA/B-CD/DOX(1:3). The results indicated that 3-CD can
control the release of DOX by slowing down the rate of release. The slowest drug
release rate was found for PA/B-CD/DOX(1:3). The effect of pH on the release
behavior was not significant for all samples, however, the pH of 7.4, real physiologi-
cal conditions, showed a higher rate of release. The acidic medium (pH=35) demon-
strated a drug release profile comparable to that of other conditions. Consequently,
the results demonstrate that PA/B-CD/DOX prevents the premature release of drugs
at undesirable sites while enabling controlled release at target sites.
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Fig.7 Drug release profiles for PA/DOX, PA/B-CD/DOX (1:1), PA/B-CD/DOX (1:2), and PA/B-CD/
DOX (1:3) in pH=5, 7.4, and 9

Cell culture and treatment

Prostate cancer and LNCap cells were cultured for in vitro treatment with DOX-
loaded NFs. Figure 8 illustrates cell viability (or cell proliferation) in the presence
of PA, f-CD, DOX, and PA/-CD/DOX(1:1,1:2,1:3) in three replicates (H, M, and
L) according to the reported protocol [42]. PA showed the lowest inhibition rate
of cell growth (3.5-14.2%), while free DOX demonstrated the highest inhibition
(17.1-50.9%) among the samples. Notably, free p-CD solution exhibited a rela-
tively high inhibition percentage (37.0-38.7%). These findings indicate that pure PA
NFs have low cellular toxicity. However, a significant level of toxicity is evident in
the case of free 3-CD. The incorporation of -CD/DOX into PA and the controlled
release of the drug resulted in moderate and mild inhibition rates of 10.7-28.7%,
15.9-28.2%, and 14.3-18.8% for PA/p-CD/DOX(1:1), PA/B-CD/DOX(1:2), and
PA/B-CD/DOX(1:3), respectively. In other words, the higher cell viability observed
under PA/B-CD/DOX(1:1,1:2,1:3) exposure, compared to free DOX, can be attrib-
uted to the slower drug release from drug-loaded NFs. Therefore, PA/f-CD/DOX
NFs hold promise as drug carriers for sustained and controlled release systems.
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Fig.8 The cell growth measurement in the presence of NFs after 24 h incubation. The viability of con-
trol cells was set at 100%

Conclusion

In the present study, PA-based nanocarriers were designed for the controlled release
of anticancer drug DOX. To enhance the loading of DOX, B-CD with available cav-
ity inside the structure was used for encapsulation of DOX. The defect-free PA NFs
containing the incorporated f-CD/DOX complex were prepared via electrospinning.
The resulting NFs had diameters ranging from 88 to 96 nm, which were smaller
than those of pure PA (139 nm) and PA/DOX (122 nm). The presence of the f-CD/
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DOX complex in the PA NFs led to a reduction in hydrophilicity, as evidenced by
an increase in the contact angle altered from ~56° to >60°, and a decrease in the
swelling capacity of the drug-loaded NFs. The incorporation of p-CD into the PA
NFs resulted in an increased DOX loading of 56% in PA/B-CD/DOX, compared to
47% in PA/DOX. Moreover, the NFs exhibited a slower drug release over a period
of at least four days and a total drug release ranging from 90 to 93%. In contrast,
NFs without f-CD showed a faster drug release during the same time frame, with
a total drug release of 77%. The lower cell viability observed in DOX-loaded NFs
against LNCap cancer cells can be attributed to the slower release of drug. Conse-
quently, electrospun NFs emerge as a suitable platform for the loading and delivery
of drugs under controlled manner. We anticipate that PA/B-CD/DOX NFs will gain
high attention in the advancement of effective drug delivery and release systems for
chemotherapeutic medicines.
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