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Cellulose acetate nanofibers with different degrees of alignment (randomly aligned (RA), partially aligned
(PA), and highly aligned (HA)) were produced using an electrospinning technique. The different degrees
of alignment were obtained by adjusting the rotation speed of the collector. Alpha-arbutin (3% w/w)
employed as a model water-soluble compound was incorporated into the nanofibers during the fabrica-
tion process. The drug release characteristics were investigated using the nanofiber mats with the same
size and weight. The prepared nanofibers with different degrees of alignment showed similar physical
characteristics, including the fiber diameter, drug loading efficiency and capacity, and molecular form
of the drug in the fibers. Interestingly, alpha-arbutin was released from HA nanofibers at a significantly
faster rate than the PA and RA nanofibers. Eighty percent of the drug was released into the medium in 1.7,
4.2, and 9.4 min for HA, PA, and RA nanofibers, respectively. The orientation of nanofibers played a crucial
role in governing the drug release, probably by creating network meshes with different degrees of entan-
glement, affecting the diffusion of drug to the external medium. Consequently, this approach can be used
as a simple means of achieving immediate-release or fast-acting characteristics of cellulose-based formu-
lations containing a water-soluble drug.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Recently, many scientific researchers have developed novel
dosage forms with a fast-acting effect to obtain quick action of
drugs and enhanced bioavailability (Perissutti et al., 2003;
Tonglairoum et al., 2014). Due to the advance in technology,
nano-based materials have acquired lots of attention. Nanofiber-
based materials are becoming more propular due to their mar-
velous characteristics such as such as high flexibility, low density,
huge porosity, high specific surface areas and tiny pore sizes (Hu
et al., 2014). Electrospinning is an uncomplicated and popular
method used to fabricate nanosized or microsized fibers employing
an electrostatic field to stretch the polymer droplet to form nano-
fibers (Thenmozhi et al., 2017; Vong et al., 2018). The process of
electrospinning has been widely applied in several fields such as
tissue engineering, drug delivery systems, wound dressing, filtra-
tion, etc. (Haider et al., 2018; Teo and Ramakrishna, 2006;
Tonglairoum et al., 2015). Electrospun nanofibers exhibit excellent
features, making them appealing as drug carriers. The high surface
area of nanofibers surmounts the limitation of conventional dosage
form. Fabrication of ultrafine electrospun nanofiber is a promising
way to develop oral fast-dissolving dosage forms. It not only
improves the solubility of the drug, but also provides rapid drug
release (Pillay et al., 2013; Tonglairoum et al., 2014).

Facial masks are popular beauty treatments used to improve
skin quality. Conventional beauty face masks available in the mar-
ket are cotton masks that are pre-moistened with skin nutrients
(Fathi-Azarbayjani et al., 2010). Skin whitening face masks are also
commercially available for cosmetic purposes in order to obtain a
lighter skin appearance, and they are popular in Asian countries.
Alpha-arbutin is one of the most commonly used skin-
brightening compound. It is a highly water soluble plant-derived
substance, which inhibits tyrosinase enzyme and melanosome
maturation (Maeda et al., 1996; Sarkar et al., 2013). In addition,
alpha-arbutin has found to be less toxic than hydroquinone
(Sarkar et al., 2013). A nanofiber-based anti-wrinkle face mask
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has been previously developed by Fathi-Azarbayjani et al. The
masks could provide fast release of the active compounds and
exhibit high skin penetration due to the high surface area of nano-
fibers (Fathi-Azarbayjani et al., 2010).

Cellulose acetate (CA) is a polymer of choice in producing a
number of materials. Electrospun CA fibers demonstrates remark-
able properties, including biocompatibility, water insolubility,
good mechanical properties, low toxicity, excellent hydrolytic sta-
bility, low cost, and excellent chemical resistance (Khoshnevisan
et al., 2018; Konwarh et al., 2013). It, therefore, have been
employed in various applications; for example, tissue engineering,
sensors, nutraceutical and drug delivery, etc. (Konwarh et al.,
2013).

Fast release of active compound from a delivery system seems
to be beneficial in cosmetic and pharmaceutical fields as it could
provide fast-acting effect and high customer satisfaction. Many
factors influencing the release of drug from nanofibers, including
the types of polymer used to form nanofibers, the nanofiber diam-
eter, porosity, geometry, and morphology, have been reported
(Akhgari et al., 2017; Chou and Woodrow, 2017). However, the
studies which focused on the the effect of nanofiber alignment
on drug release from nanofibers are limited. Eslamian et al com-
pared the release of a hydrophobic drug, dexamethasone, from ran-
domly oriented and aligned hydrophobic poly(lactide-co-
glycolide) nanofibers. They found an initial burst release of the
drug in the first 24 h followed by a sustained release for the next
24 days. The aligned fibers had less burst release and more sus-
tained release compared to the random ones (Eslamian et al.,
2019). Meng et al evaluated the release of poorly water-soluble
fenbufen from PLGA, PLGA/gelatin, and PLGA/chitosan nanofibers
They revealed that the release rate of the drug from the aligned
nanofibers was less than that from the randomly oriented nanofi-
bers as the aligned nanofibers had increased density and decreased
pore size of scaffolds compared with the randomly oriented ones
(Meng et al., 2011a, 2011b). Nevertheless, the study investigating
the effect of fiber alignment on the release of hydrophilic drug
from hydrophobic nanofibers is still lacking.

Herein, the influence of nanofiber alignment on the release of a
hydrophilic drug from hydrophobic cellulose acetate nanofibers
had been investigated. Cellulose acetate nanofibers were generated
by an electrospinning technique. The orientation of the fibers was
varied by adjusting the collector rotation speed to obtain randomly
aligned (RA), partially aligned (PA), and highly aligned (HA) nano-
fibers. Alpha-arbutin was selected as a model compound to be
incorporated into CA nanofibers, and the release chracteristics of
the drug from the nanofibers were investigated.
2. Material and methods

2.1. Materials

Cellulose acetate (CA; Mw = 30 kDa; the degree of acetylation �
2.4) and alpha-arbutin were obtained from Sigma Aldrich� (St.
Louis, MO, USA). All the solvents used were of analytical grade
and were used as received unless otherwise stated.
2.2. Electrospinning of alpha-arbutin-loaded CA nanofibers

Alpha-arbutin-loaded CA nanofibers with different degrees of
alignment were fabricated by electrospinning process. Briefly, CA
(17 %w/v) and alpha-arbutin (3 %wt to polymer) were dissolved
in a solvent mixture of acetone and N, N-dimethylacetamide (2:1
v/v), and the mixture was stirred overnight. Afterward, the mixture
was filled in a 5-mL syringe connected to a stainless steel needle
(20G, an inner diameter of 0.9 mm) and linked to a high voltage
power supply (17.5 kV). The feeding rate was controlled at
0.4 mL/h using a syringe pump, and the tip-to-collector distance
was fixed at 15 cm. The nanofibers were collected on an aluminium
foil covering the grounded collector (diameter � 19 cm). The rotat-
ing speed of the collector was varied (350, 2000 and 6000 rpm) to
produce the nanofibers with different degrees of uniaxial align-
ment. To obtain the nanofibers with equivalent weight per area,
the electrospinning was continued for 5, 8, and 12 h for the rota-
tion speed of 350, 2000 and 6000 rpm, respectively. The electro-
spinning setup is displayed in Fig. 1.

2.3. Characterization of alpha-arbutin-loaded CA nanofibers

2.3.1. Morphological characterizations
The morphologies, fiber orientation, diameters and thickness of

the CA electrospun nanofibers were assessed using a scanning elec-
tron microscope (SEM, Camscan Mx2000, England). Each fiber was
cut into a small piece and then coated with a thin layer of gold
prior to the SEM observation. The fiber diameter and the thickness
of the nanofibers were measured with an image analysis software
(JMicroVision V.1.2.7, Switzerland). The alignment of fibers was
determined as the number of fibers oriented in a specified direc-
tion respecting to a perpendicular reference line (0◦angles). The
angles from which particular fibers diverged from this line were
measured (n = 50) using the image analysis software. The data
were expressed as a frequency in a histogram (Lee et al., 2005).
The narrow distribution of nanofiber angles indicates a higher
alignment.

2.3.2. Mechanical characterizations
The tensile strength of nanofibers spun at different rotation

speeds of the collector was evaluated using a texture analyzer with
a 5-kg load cell appointed with grips holder (n = 5). For this pur-
pose, the nanofiber mats with comparable weight per area were
used. The size of each specimen was 6 � 35 mm in a rectangular
shape. For all types of nanofibers, the stretch was applied in paral-
lel and perpendicular direction.

2.3.3. The physical state of alpha-arbutin
The X-ray diffraction pattern of alpha-arbutin, CA, and alpha-

arbutin-loaded nanofibers spun at different rotation speeds of col-
lector were analyzed using an X-ray powder diffractometer. Sam-
ples were exposed to monochromatized CuKa radiation after
passing through Nickel filters and then were scrutinized between
5� and 50� (2theta). The voltage and current applied were 30 kV
and 15 mA, respectively.

2.4. Alpha-arbutin content analysis

The alpha-arbutin-loaded nanofiber mats were cut (2 � 2 cm2)
and weighed. The drug content in the CA nanofibers was quantified
by exhaustive extraction of drug from the nahofibers by placing the
nanofibers in 5 mL of deionized water and sonicated at 50 �C. After
1 h, the extraction medium was centrifuged, and the supernatant
was collected. The extraction was repeated twice to ensure the
complete extraction of the drug and all the supernatants were
pooled. The drug content was then determined in triplicate using
an HPLC connected to a C-18 column (150 � 4.60 mm, 5 mm).
The injection volume was 100 mL. The samples were eluted with
a mobile phase composed of (89:10:1) water:methanol:0.1 M
hydrochloric acid flowing at 1.0 mL/min. UV detector set at
222 nm was used for the content analysis. The percentages of drug
loading efficiency and loading capacity were computed by Eqs. (1)
and (2), respectively:



Fig. 1. Schematic representation of the electrospinning apparatus setup.
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Loading effiency %ð Þ

¼ Actual AR content ðlg of AR=gm of nanofibersÞ
Theoretical AR content ðlg of AR=gm of nanofibersÞ � 100

ð1Þ

Loading capacity ð%Þ ¼ Pt
Mt

� 100 ð2Þ

where Pt is the amount of alpha-arbutin in the nanofiber mats, and
Mt is the weight of nanofiber mats.

2.5. Drug release study

The release characteristics of alpha-arbutin from the alpha-
arbutin -loaded nanofiber mats with different degree of fiber align-
ment were studied. The nanofibers were cut into the size of
2 � 2 cm2, removed from the backing foil, and then weighed. The
nanofibers with a comparable weight per area were used for the
comparison study of drug release. The nanofibers were submerged
in 25 mL of deionized water contained in a glass bottle. The release
experiment was performed at 30 ± 1 �C with constant shaking at
200 rpm. At a given time (0.25, 0.5, 0.75, 1, 3, 5, 10, 20, 30,
45 min), an aliquot of 500 mL samples were withdrawn from the
medium and replaced with an equal volume of fresh medium to
maintain sink conditions. The drug content in the sample was
quantified by HPLC.

2.6. Statistical analysis

All investigations were done in triplicate. The results are dis-
played as mean ± standard deviation. The difference between the
data was determined by a one-way analysis of variance (ANOVA)
(Microsoft Excel). The significance level was set to p < 0.05.
3. Results and discussion

3.1. Characteristics of the alpha-arbutin-loaded nanofibers

Fiber arrangement can be altered by modifying the rotation
speed of collector. (Yuan et al. 2017). In the present study, drum
speeds were varied to obtain the fibers with different alignments.
However, since high rotation speed could generate more air turbu-
lence and wind which scattered the nanofibers during electrospin-
ning and resulted in the lowered amount of fibers collected on the
drum, the longer spin times were used for the fabrication of nano-
fibers with higher different degrees of alignment in which high
rotation speeds were employed in order to obtain all types of the
nanofiber mats with comparable weight per area. Table 1 presents
the SEM images, alignment, diameters, and thickness of the alpha-
arbutin-loaded nanofibers. Overall, smooth, uniform and bead-free
nanofibers were obtained. Increasing the rotation speed of the
drum collector from 350 to 2000 and 6000 rpm resulted in the
nanofibers with a random, partitiallly, and highly aligned orienta-
tion, respectively. This finding is in concordance with a previous
study on cellulose nanofibers electrospun using a high speed rotat-
ing collector (300 m/min) (He et al., 2014). The diameters of the
nanofibers ranged from 616 to 624 nm, which were not statisti-
cally different among the different types of the nanofibers. By using
the different spin times as described earlier, the RA, PA, and HA
nanofibers had a comparable weight per area of about 0.0025 g/
cm2. Nevertheless, their layer thickness was slightly different. In
the case of HA nanofibers, which had the thinnest layers, it was



Table 1
Effect of collector’s rotation speed on fiber morphology, alignment, diameters, and layer thickness of AR-loaded nanofibers.

Nanofibers Characteristics of nanofibers

Speed of collector (rpm) SEM (Top view) Alignment Diameter (nm) SEM (cross section) Layer thickness (mm)

RA 350 624 ± 40 54 ± 1

PA 2000 616 ± 38 48 ± 1

HA 6000 620 ± 43 42 ± 4
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possible that they were deposited tightly onto the collector and the
inter-fiber arrangement was in a highly ordered manner as a result
of a high stretching force generated by high-speed drum rotation.

3.2. Mechanical characteristics

The tensile strength of the differently aligned alpha-arbutin-
loaded nanofibers were evaluated, and the results are presented
in Table 2. It was found that different types of nanofibers possessed
different tensile strength values depending on their alignments, as
well as the direction of pulling force applied in the experiments.
The HA nanofiber mats exhibited the lowest tensile strength and
the applied force only separated the fibers apart without tearing
when they were pulled in a perpendicular direction to the fiber
alignment (Fig. 2). In contrast, when the mats were pulled in the
direction parallel to the fiber alignment, the assembly of parallel
nanofibers as bundles provided the robust resistance to the stretch.
Consequently, this type of nanofibers showed the highest tensile
strength value before the intra-fibrous breakage occurred. No dif-
ference of tensile strength was observed for the RA nanofibers even
they were pulled in different directions. For the PA nanofibers, the
mechanical behavior was in between those of the RA and HA nano-
fibers. This finding was in concordance with a previous study by He
et al. (2014). However, Subramanian and coworkers fabricated 2D
random and 3D longitudinally oriented nanofibers of poly(lactide-
co-glycolide) (PLGA) by the adapted electrospinning method. The
finding revealed that the tensile strength and Young’s modulus of
random PLGA fibers were significantly greater than those of the a-
ligned PLGA nanofibers (p < 0.05) (Subramanian et al., 2011). This
difference might be contributed to the disregard of the direction
of pulling force applied in their experiments.

3.3. The physical state of alpha-arbutin in nanofibers

Since the physical state of a drug may influence its solubility,
XRD measurements were undertaken to reveal whether alpha-
Table 2
Tensile strength (N/mm2) of alpha-arbutin-loaded nanofiber mats (n = 5). The
stretching force was applied in the direction parallel or perpendicular to the fiber
alignment direction.

Alignment of nanofibers Tensile strength (N/mm2)

Parallel stretching Perpendicular stretching

Randomly aligned 19.0 ± 3.2 18.2 ± 2.6
Partially aligned 70.1 ± 9.5 14.4 ± 3.7
Highly aligned 226.6 ± 18.0 8.3 ± 1.0
arbutin in the nanofibers was present in the crystalline or amor-
phous state. The XRD patterns of the alpha-arbutin, CA, and the
three types of alpha-arbutin -loaded nanofibers are presented in
Fig. 3. The diffractogram of the alpha-arbutin shows sharp crys-
talline peaks, specifying its vast extent of crystallinity. However,
no such peak was observed in the diffractograms of all types of
the alpha-arbutin -loaded nanofibers, suggesting that alpha-
arbutin was loaded into CA nanofibers in an amorphous form in
all types of the nanofibers. However, it should be noted that the
amorphous drug can recrystallized back to its crystalline state if
the nanofibers are stored at high temperature and humidity. Nev-
ertheless, the recrystallization is usually less flavoured at normal
storage condition at low temperature and humidity (Paaver et al.,
2015). Therefore, the nanofibers should be stored in a water-
impermeable packaging and stored at low temperature to prevent
the recrystallization the drug in the nanofibers.
3.4. Drug loading efficiency in nanofibers

The content of alpha-arbutin in each nanofiber mats deter-
mined as the percentage loading efficacy and loading capacity
are presented in Table 3. The actual amounts of alpha-arbutin
incorporated in the nanofibers and loading efficiency were deter-
mined using an HPLC. In general, the amounts of alpha-arbutin in
all types of samples were in the range of 2.7–2.8% w/w (weight
of drug to weight of nanofibers). As calculated based on the theo-
retical content (3%w/w), the drug loading efficiencies were found
to be more than 90% (Table 3), demonstrating that alpha-arbutin
was successfully loaded into the nanofibers. In addition, the small
standard deviation values implied that the drug was uniformly dis-
persed over different areas of the nanofiber mats. The discrepancy
from the ideal value of 100% for the actual content could be due to
the small amount of drug which was not extracted into the med-
ium for HPLC assay and remained inside the fibers.
3.5. Drug release

The drug release from nanofibers was examined in water. The
nanofiber mats with comparable weight and area were used to
represent the nanofibers with the same quantities of the drug
and polymer as well as the surface area. For all types of nanofibers,
the release of alpha-arbutin was rapid, and the maximum cumula-
tive amounts (84.0–86.1%) were acheived in 10 min (Fig. 4). It was
hypothesized that the fast release happened via the rapid dissolu-
tion of the drug once water penetrated into the fiber layers, fol-
lowed by the diffusion of the drug from the matrix through the



Fig. 2. Proposed illustrations of nanofibers with different alignments upon being stretched in parallel and perpendicular directions; (a) and (b) HA, (c) RA nanofibers.

Fig. 3. Powder X-ray diffractograms of the AR, CA, and the three types of CA
nanofibers.

Table 3
Loading efficiency and loading capacity of alpha-arbutin in the RA, PA and HA
nanofibers (n = 3).

RA PA HA

Loading efficiency (%) 91.6 ± 0.7 93.4 ± 0.8 95.9 ± 1.2
Loading capacity (%) 2.7 ± 1.1 2.7 ± 0.6 2.8 ± 1.4

Fig. 4. Percent cumulative release of AR from nanofibers; (.) HA, (s) PA, (d) RA
nanofibers (n = 3).
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water-filled channels in the entangled network of nanofibers into
the medium. The dissolution and/or erosion of the CA nanofibers
should not take part in the drug release since CA is water-
insoluble polymer, and the nanofibers were found to erode at a
minimal rate (data not shown). Interestingly, the fastest drug
release was obtained from the HA nanofibers, followed by the PA
and then the random ones, where 80% of drug was released in
1.7, 4.2, and 9.4 min, respectively (Fig. 4). From these results, it
can be concluded that the drug release patterns during the initial
burst period were significantly affected by the orientation of nano-
fibers. In the case of alpha-arbutin, the solubility of the drug should
not be an influencing factor on the drug release since alpha-arbutin
is freely soluble. In addition, it was all present in the amorphous
form and contained at the comparable amounts in all types of
nanofibers.

In the aspect of drug release, which is influenced by the fiber
alignment, Meng et al. carried out their investigation using poly
(lactide-co-glycolide) (PLGA), PLGA/gelatin, and PLGA/chitosan
nanofibers loaded with poorly water-soluble fenbufen (Meng
et al., 2011a, 2011b). They found that the release rate of the drug
from the aligned nanofibrous scaffold to the aqueous medium
was less than that from the randomly oriented nanofibers and they
proposed that the aligned nanofibers had increased density and
decreased pore size of scaffolds compared with the randomly ori-
ented ones. Then, the apparent diffusion rate of the drug from
the scaffold with aligned nanofibers was lower than that from
the scaffold with random nanofibers. In addition, Eslamian et al



Fig. 5. Model of drug release from the HA (right) and RA (left) nanofibers.
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also investigated the release a dexamethasone from randomly ori-
ented and aligned hydrophobic PLGA nanofibers. They reported
that the aligned fibers demonstrated less burst release and more
sustained release compared to the random ones. They suggested
that the slower release of the drug from the aligned fibers is pre-
sumably due to the presence of pores between fibers of the nano-
fibers that facilitate initial surface degradation of the randomly
oriented fibers compared to the aligned fibers that are packed
together (Eslamian et al., 2019). Conversely, in our study, the
model compound is a hydropholic drug which is different from
the model hydrophobic drugs used in the studies by Meng et al
and Eslamian et al. In addition, since PLGA is more hydrophobic
and less water-permeable than CA, the proposed explanation by
Meng et al and Eslamian et al may not be applied to our case.
Moreover, in those works, the release profiles of fenbufen and dex-
amethasone were slow and sustained up to 25 h, whereas alpha-
arbutin was rapidly released in 10 min in our experiments. The
mechanisms of drug release should be therefore different between
these two drugs from the different nanofibers.

In the present study, the alignment of nanofibers is assumed to
be the key reason underlying the different rates of drug release. In
the nanofibers with random alignment, a highly tangled network
of fibers were formed. In case of the hydrophilic drug used in our
study, the drug will have low affinity to be remain in the nanofi-
bers and will easily dissolve in water-filled inter-fibrous space
after contact with water. Afterwards, the drug diffusing in the
water-filled inter-fibrous space were retarded by lengthy and tor-
tuous paths and thereby took a longer time to finally reach the
external medium (Fig. 5). On the contrary, the HA nanofibers
arranged in a more ordered fashion, and the entanglement was
assumed to present at a lower degree. Therefore, the drug was able
to to move out to the external medium at a faster rate. This phe-
nomenon is similar to the effect of Eddy diffusion in a chromato-
graphic separation, where the solutes which travel along more
tangled paths generated by the stationary phase particles spend
longer time until they are eluted out of the column than those
which move through the relatively straight shots (Kalinske and
Pien, 1944).

From the results, it can be concluded that a faster drug release
profile may be achieved by the control of nanofiber alignment.
However, whether random or aligned scaffolds will give a faster
rate probably depends on the properties of the drug and/or the
polymer used. At least from our study, it was found that a prompt
release of alpha-arbutin can be obtained from the fabrication of CA
nanofibers in the highly-aligned orientation. This finding offers the
feasibility of using highly-aligned nanofibers in the delivery of cer-
tain drugs to obtain fast-releasing or fast-acting formulations.

4. Conclusion

Various parameters, including the type of polymers, nanofiber
diameter, porosity, geometry, and morphology has previously been
reported to affect the release of a drug from nanofibers. In this
study, these factors were controlled to study the effects of fiber
alignment on the drug release. It was found that the fastest drug
release was obtained from the HA nanofibers, followed by the PA
and then the RA ones. The difference in the release profiles may
be due to the diffusion paths of the drug from the nanofibers, in
which the HA nanofibers were assumed to have the shortest path
length. However, this effect depends on the type of drugs and poly-
mers used. In the case of hydrophobic polymers containing a
hydrophilic drug, faster drug release could be obtained with a
higher degree of fiber alignment.
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