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Abstract
Newly, the usage of nano�bers (NFs) as wound dressings with the aim of their rapid healing and
prevention of bacterial infection has been considered by researchers. In this regard, we produced the
ethylcellulose/hydroxypropyl methylcellulose NFs incorporated with Aloe-vera (EC/HPMC/Alv) by the
electrospinning technique. The produced NFs were investigated for their chemical structure,
morphological, mechanical, thermal stability, degradation, swelling, cell viability, and antibacterial
properties. Amongst the produced NFs, the NF samples containing 10% Alv illustrated the appropriate
thermal stability and tensile properties. The produced NFs did not show any cell cytotoxicity which
indicates their good compatibility. Also, NFs containing Alv signi�cantly (P<0.05) increased cell
proliferation and adhesion. In addition, the NFs/Alv sample was indicated antibacterial ability against S.
aureus (10.21 ± 1.21 mm) and E. coli (5.06 ± 1.3 mm) pathogenic bacteria. As a result, these �ndings
suggest that the produced NFs could be applied as an active mat for wound dressing application.

1. Introduction
The wound is known as skin damage caused by surgery or trauma, commonly [1]. Wound healing is a
physiological complex and time-consuming process, which happens in four phases including;
hemostasis, in�ammation, proliferation, and regeneration [2, 3]. The main purpose of wound dressing is
to heal, prevent bacterial infection, absorb wound exudate, and cellular regeneration [4]. Nowadays, the
design of modern wound dressings has been studied and researched because weakness in wound
dressings is a serious problem in wound healing [5]. The nano�bers produced through the electrospinning
method have great attributes with the comparison to common wound dressing materials [6]. Polymeric
nano�bers (NFs) have a high surface and a porous structure that are very important for absorbing wound
exudates and can simulate the extracellular matrix [7]. In this regard, different polysaccharides and
proteins have been applied to fabricate NFs mats for wound healing. Here, we produced a novel NFs
based on the biocompatible cellulose derivative polymers. Cellulose can be applied as an appropriate
choice for wound dressing formulas due to the easy extraction, biocompatibility, biodegradability, and
safety [3]. Ethylcellulose (EC), is one of the cellulose derivatives, which it’s an inert water-insoluble
hydrophobic polymer suitable for sustained release systems [8, 9]. Hydroxypropyl methylcellulose
(HPMC) is a water-soluble polymer used in the structure of NFs to absorb and retain liquids. Also, HPMC
as an emulsi�er and �lm-forming agent can be added to the hybrid polymer solution to improve and
increase the stability of the electrospun NFs [10]. Moreover, antibacterial NFs can be produced with the
encapsulation of antibacterial compounds to reduce the risk of infection [3, 7]. Aloe-Vera (Alv), is well
known for its therapeutic potential, that widely used for the treatment of different dermatologic disorders,
such as infections, burns, and other skin diseases [11]. The gel which resulted from Alv have abundant
water that is very vital for wound hydration, also it has an antibacterial activity that can play an important
role in the preventing infection [12, 13]. In conclusion, this study aimed to develop and characterize the
Alv-loaded EC/HPMC electrospun NFs as a new antibacterial biomaterial for wound healing.
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2. Materials And Methods
2.1. Materials

EC was purchased from Aladdin Chemistry Company. (Shanghai, China). Alv powder (decolorized) was
purchased from Melbourne, Florida USA Company. HPMC, 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT), fetal bovine serum (FBS), trypsin–EDTA, RPMI 1640 medium, Dimethyl
sulfoxide (DMSO), and Phosphate buffered saline (PBS) were purchased from Sigma-Aldrich (St. Lo.,
USA), Ethanol 96%, and Muller Hinton Agar were purchased from Merck Chemical Co. (Darmstadt,
Germany). The mouse embryonic �broblast cell line (NIH-3T3), and Stock cultures, Escherichia coli
(PTCC-1270), Staphylococcus aureus (PTCC-1112) were purchased from Pasture Institute (Iran).

2.2. Preparation of NFs

In short, HPMC and EC solution with concentration of 25 w/v% was prepared by the mixing of the EC
(ethanol 80% v/v) and HPMC (acetic acid 70% v/v). EC/HPMC solution was prepared in three ratios of
95:5, 90:10, and 85:15 with stirring for 30 min. After that, Alv with ratios of 10% (versus total polymer
weight) were encapsulated into optimal selected NFs. Then, the solutions (5 mL) were injected into the
syringe (21gauge needle) by voltage ranged between 14 and 16 kV and �ow rate of 1 mL/h. This
procedure was completed at 25 ± 3°C and 30 ± 2% relative humidity [7].

2.3. Characterization of EC/HPMC/AV NFs

FT-IR spectra of NFs were recorded through a Thermo Avatar 370 spectrometer (Tensor27, Bruker Co.,
Ettlingen, Germany) to study the structural interactions of NFs. All spectra were recorded in the ranges of
between 500 and 4000 cm-1. The Surface morphology of NFs after gold coating (DST1, Nanostructured
Coating Co., Tehran, Iran) was studied with SEM (Philips XL 30 FEG, Amsterdam, Holland) at a voltage of
25 kV. The distribution of NFs diameters was speci�ed with Image J analysis software. Moreover, the
thermal stability of NFs was analyzed by TGA (TGA, Germany, Linseis, STA PT1600) at a range of 25-600
°C and heating rate of 10 °C/min.

2.4. Analysis of tensile property of NFs

The thickness of NFs was determined by a digital micrometer (Fowler, USA). After that, the tensile
property of NFs in both dry and wet states was evaluated at room temperature using a Tensile Analyzer
(Instron 5566, USA). The NFs were cut to dumbbell shape (3 cm×1 cm) and then placed between two
grips. The crosshead rate was established at 0.04 mm/s [14].

2.5. Swelling degree

To determine the swelling degree of NF samples, gravimetric analysis was performed [15]. In summary, at
�rst, the dry weight of the NFs was measured (Wd), after that the NFs were immersed in 30 ml of PBS
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solution at ambient temperature. Then, the swollen NFs were weighed after 5, 10, 15, 20, and 25 h (Ws).
The swelling degree (SD) was determined according to the Eq:

2.6. Analysis of NFs degradation

The in-vitro degradation degree of NFs was measured using immersing NF samples in the PBS. The NFs
were immersed in 30 mL of PBS solution (37 °C and pH 7.4, 5.3) for 24 days. The weight loss (WL) of the
initially weighed NFs (W0) was calculated as a function of the immersing time in PBS. At speci�c times
(3, 6, 12, 18, and 24 days), the samples were removed from the PBS and the excess water absorbed by
lying the samples on the surfaces of a �lter paper and weighed (Wt). The WL degree was calculated using
the Eq:

2.7. Cell proliferation and cell adhesion studies

The MTT technique was accomplished to explore the cell viability of NF samples [15, 16]. In short, the NF
samples were cut into 12 mm2 and sterilized by UV irradiation. After that, 1 mL of cell suspension
including 5 × 104 cells was dropped onto sterilized NF samples and incubated in RPMI-1640 including
10% FBS at 37 °C with 5% CO2. After 1, 3, and 5 days, 200 μL DMSO was added to dissolve formazan
crystals formed inside cells. Then, the absorbance was determined using a spectrophotometer (UV-2550,
Shimadzu, Japan) at 570 nm. To investigate the cell adhesion ability of produced NFs, the attached cells
on the surface of samples were visualized using the SEM technique. In this regard, before the cell studies,
optimal NF was sterilized with UV radiation around 10 min and then, the cells were placed on the surface
of selected NFs sample and incubated as mentioned above. To image the cells attached to the surface of
NFs, the cells were �xed using a glutaraldehyde solution (4%) and then, dehydrated with gradient dying
with ethanol (30, 50, and 80%). As a result, the samples were stored at 4 °C to study with SEM analysis.

2.8. Antibacterial activity

To investigate the antibacterial behavior of NF samples, the agar disc diffusion assay was used against
S. aureus and E. coli bacteria. Muller Hinton Agar (MHA) culture was prepared freshly and bacterial
suspensions (1.5 × 108 CFU/mL) were cultured. After that, NF samples were cut with a diameter of 5 mm,
exposed to MHA, and then incubated for 24 h at 37 °C. After that, the plates were surveyed for the
inhibition zone of the NF disks. The inhibition regions formed by the NF samples were calculated by a
caliper in two replications and reported as antibacterial activity [16].
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2.9. Statistical analysis

Data were examined by GraphPad Prism 5. One-way variance (ANOVA) and Tukey’s test were applied to
examine the experimental value. Differences were considered signi�cant at P < 0.05.

3. Results And Discussion
3.1. SEM analysis

The morphology of NF samples was studied with the SEM technique. The SEM results of NFs with
different blending ratios of EC, HPMC and selected NF with encapsulated Alv were illustrated in Fig 1. The
average diameter of NF samples was assessed using Image J software. By changing the blended ratio of
EC/HPMC, the morphology of NFs was improved. As shown in Fig. 1, the average NFs diameter was
reduced by changing the combination ratio of EC/HPMC from 95:5 to 90:10 and 85:15. The �ber
diameters of EC/HPMC with the blended ratios of 95:5, 90:10, and 85:15 were in the ranges of 601 ± 234,
556 ± 185, and 527 ± 136 nm, respectively. This reduction of �ber diameter with increasing the amount of
HPMC in NFs could be associated with the increased conductivity, causing larger elongation forces and
reduction of �bers diameter, which is in accordance with the results of previous studies [10]. The NF
sample with a blending ratio of 85:15 of EC/HPMC illustrated the uniform, thin, and without bead �bers.
Therefore, the EC/HPMC 85:15 NF sample was selected as the optimal NFs for encapsulation of Alv,
since it has an appropriate morphology and thin �bers. After the addition of Alv, the average �ber
diameter signi�cantly reduced (319 ± 94.66 nm). The SEM analysis of EC/HPMC/Alv indicated a regular
and beadless morphology. This result was in accordance with the results of previous study [7]. These
results indicated the high compatibility among the NFs matrix and Alv which provided an appropriate
choice for encapsulation of Alv into this NFs matrix without adverse effect on the morphological
characteristics.

3.2. FTIR analysis

The FTIR spectra of Alv, EC, HPMC, EC/HPMC, and EC/HPMC/Alv NFs were presented in Fig. 2. The FTIR
spectrum of Alv indicated speci�c absorptions at 1240 cm-1 (stretching of C-O groups of esters and
phenols), 1560 cm-1 (C=O stretching), 1710 cm-1 (presence of carbonyl groups), 2910 cm-1 (symmetrical
and asymmetrical C-H stretching), and 3311 cm-1 related to the hydrogen-bonded N-H stretching [7]. The
EC spectrum showed the peaks at 1120 cm-1 (–C–O–C– stretching), and 2850-2962 cm-1 (–CH3

stretching) [9]. Furthermore, the peak at 1745 cm−1 was related to the stretching of C=O bonds [17]. FTIR
spectrum of HPMC indicated the peaks at 1641 cm−1, 1458 cm-1 and 1375 cm−1 owing to the vibration of
–OH group, asymmetric and symmetric vibrations of a methoxy group (–OCH3), respectively. Additionally,

the peak at 1052 cm−1 was associated with the C–O–C stretching bond [18]. The FTIR spectrum of
EC/HPMC exhibited the peaks at 1746 cm-1, 1638 cm−1, and 1123 cm-1, which indicates the suitable
physical interactions between EC and HPMC. By comparing the FTIR spectrum of EC/HPMC, the
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characteristic peaks of EC/HPMC/Alv NF samples had blue shifts (1746→1753 cm-1, 1638→1644 cm-1,
and 1123→1183 cm-1), showing the Alv was effectively encapsulated in the EC/HPMC NFs.

3.3. TGA analysis

Fig. 3, displayed the TGA thermograms of EC/HPMC NFs with various blending weight ratio of EC, HPMC,
and optimal selected EC/HPMC NF samples containing 10% Alv. As can realize from this Fig, the �rst
stage weight loss of NFs is between 50 and 150 ºC which is related to the loss of free and bound water in
the structure of NFs [19]. The second stage of weight loss occurred at the range of 150-380 ºC which is
associated to the thermal decomposition of the polymers [20]. Additionally, the next stage ranged
between 380-600 °C can be related to the carbonization of polymeric materials [21]. There was not
signi�cantly difference in the thermal stability of NFs with different combination ratio of EC, and HPMC,
indicating that the interactions between components were only physical rather than chemical
interactions.

3.4. Mechanical properties

As shown in Table 1, the effect of different combination ratios of EC, HPMC (95:5, 90:10, and 85:15), and
the encapsulation of Alv (10% w/v) into the EC/HPMC NFs was studied with the tensile stress (TS)
analysis in the dry and wet conditions. The TS of NFs with various combination ratios of EC/HPMC in dry
state was 4.96 MPa, 5.21 MPa, and 5.68 MPa for EC/HPMC 95:5, 90:10, and 85:15, respectively. These
�ndings con�rmed the TS improvement of EC-based NFs with the addition of HPMC. The encapsulation
of Alv improved signi�cantly (P < 0.05) the TS up to 6.70 MPa that was owing to the interaction between
NFs and Alv. Also, a comparable trend was observed for the TS of NFs in the wet state: 2.32 MPa, 3.11
MPa, and 3.40 MPa for the EC/HPMC with ratios of 95:5, 90:10, and 85:15, respectively. Additionally, the
encapsulation of Alv led to enhance in the TS up to 4.23 MPa in the produced NFs. The re�ned TS of
EC/HPMC by increasing the HPMC content and encapsulation of Alv into the NF structure can be due to
the increased intermolecular interactions between polymer chains and Alv [22–24]. The obtained results
showed that EC/HPMC/Alv NFs had su�cient TS to withstand the force applied to them and can be used
as a wound dressing [25–27].

Table 2. Tensile stress (TS) analysis of Ethyl cellulose/Hydroxypropyl methylcellulose (EC/HPMC) with
different blending ratios of 95:5, 90:10, and 85:15, and optimal EC/HPMC NFs (85:15) containing 10%
Aloe Vera (Alv) in dry and wet state.

NF sample TS (MPa) in dry state TS (MPa) in wet state

EC/HPMC:95/5 4.96 2.32

EC/HPMC:90/10 5.21 3.11

EC/HPMC:85/15 5.68 3.40

EC/HPMC (85/15)/Alv (10 wt %) 6.70 4.23
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3.5. Swelling degree

Swelling properties of produced NFs are very important to apply as a wound dressing [28]. The swelling
degree of the EC/HPMC NF samples with various blending weight ratios (95:5, 90:10, and 85:15), and
optimal EC/HPMC NF containing 10% Alv were calculated in PBS (pH 7.4) solution at 37 °C after 5, 10, 15,
20, and 25 h. Fig. 4, presented the swelling degree of NF samples. As can be seen from this Fig, the
swelling ratio of NF samples increased over time particularly after 2 h with increasing the HPMC content
and encapsulated Alv in NF samples. This result can be related to the formation of hydrogen bonds
between the EC and HPMC, and also the ability to absorb and retain water by HPMC and Alv. Besides,
increasing the HPMC content and encapsulation of Alv in NFs reduces the diameter of NFs and increases
the porosity, which ultimately increases the ability to absorb and retain water [3, 15, 29, 30].

3.6. In vitro degradation studies

The degradation degree of EC/HPMC NFs with different blending ratios of 95:5, 90:10, and 85:15 were
investigated as a function of incubation time at two different pH values (7.4, and 5.3). The produced NFs
were degraded during 24 days. Depending on the combination ratios, the produced EC/HPMC NFs was
illustrated the various degradation degree. As shown in Fig. 5, the order of the weight loss of EC/HPMC
NFs with various blending ratio of EC, and HPMC was found as 85:15 > 90:10 > 95:5. These observations
showed that with increasing HPMC content, the degradation degree also increases. This obtained result
can be related to the reduction of the diameter of NFs with increasing HPMC content since it has been
con�rmed in previous studies that by the decreasing of the NF diameter and increasing the ratio of
surface to volume, water penetration increases, thus the degradation degree also increases [3, 31, 32].
Furthermore, improving the degradation of NFs with increasing the content of HPMC may also be related
to the hydrophilicity nature of HPMC. The produced NFs containing Alv indicated the highest degradation
degree compared with other NFs, resulting in around 35% of its initial weight was dropped after 24 days.
This result could be related to Alv’s ability to improve the hydrophilicity nature and water uptake of NFs,
which could be the reason for the increased degradation degree [33]. Therefore, we can adjust the NFs
degradation with the changing of the EC/HPMC combination ratio by the electrospinning method to be
suitable for usage as a wound dressing. Additionally, the degradation degree could be affected by the
change of pH value. As is clear in Fig. 5, the degradation degree of NFs in acidic pH (5.3) was more than
that physiological pH (7.4). It should be noted that the degradation process of HPMC is based on a
hydrolytic reaction. In the presence of water, the etheric bonds in the structure of HPMC are broken. Thus
the length of the degradation chains becomes shorter and the shorter parts dissolve in water [34]. Thus,
EC / HPMC NFs with higher HPMC content were more degraded. The weight loss of NFs with various
combination ratios of EC/HPMC at acidic pH (5.3) was around 37%, 34%, and 29% for EC/HPMC 95:5,
90:10, and 85:15, respectively.

3.7. Cell proliferation and cell adhesion studies

The NIH-3T3 cell viability was assessed in the presence of EC/HPMC NFs with and without Alv content by
the MTT assay after 1, 3, and 5 days. The results of this test were displayed in Fig. 6. The obtained
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results showed that there was no toxicity and these NFs enhanced cell proliferation. Also, the
encapsulation of Alv into NFs due to the presence of glycoproteins in Alv structure has increased cell
proliferation by up to 126%., which is in line with the reported previous literature [35–37]. The adhesion of
NIH-3T3 cells on optimal EC/HPMC (85:15) NFs containing 10% Alv were shown with SEM technique
after 1, 3, and 5 days. As shown in this Fig, the cell proliferation rate signi�cantly depends on the
hydrophilicity of the NFs [35].

The results of cell adhesion were presented in Fig. 7. As revealed in this Fig, NIH-3T3 cells were attached
well on the surface of EC/HPMC/Alv NFs which illustrated good interaction between the NFs and the
cells. Hydroxyl groups in HPMC polymer chains and Alv agent can increase the adhesion strength. These
obtained results suggest that the encapsulation of Alv in the NFs provides an appropriate environment for
cell viability and adhesion. This result could be related to the ability of Alv to improve the hydrophilicity
nature and protein absorption of the NFs, which ultimately increase cell adhesion and proliferation [33,
38–40].

 

3.8. Antibacterial activity

To investigate the antibacterial ability of Alv (versus total polymer weight) loaded in NFs, the agar disc
diffusion assay was used, which is founded on the amount of clear zone including a circular NF disk. The
obtained results indicated that the control NFs did not inhibit the growth of the pathogenic bacteria. As
shown in Fig. 8, E. coli (gram-negative bacteria), and S. aureus (gram- positive bacteria) were signi�cantly
(P < 0.05) sensitive to Alv. In accordance, the diameter of the clear zone was 10.21 ± 1.21 mm for S.
aureus and 5.06 ± 1.3 mm for E. coli bacteria. The obtained results were consistent with the results of
previous studies that investigating the antimicrobial activity of Alv [13, 40–44].

Conclusion
The Alv loaded EC/HPMC NFs were successfully produced by the electrospinning technique. The
produced NFs were investigated for their chemical structure, morphological, mechanical, thermal stability,
degradation, swelling, cell viability, and antibacterial properties. As obtained results, the NFs showed a
homogeneous morphology that with increasing the content of HPMC, a decrease in the diameter of NFs
was observed. This reduction in the diameter and increase in the porosity of NFs offer an effective role in
increasing the swelling and degradation degree. The biocompatibility of produced NFs was con�rmed
using the in-vitro cell cytotoxicity evaluation. Besides, the EC/HPMC NFs containing 10% Alv indicated the
more cell proliferation, adhesion, and antibacterial activity. As a result, these �ndings suggest that the
produced NFs can be applied as active NFs for wound healing application.
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Figure 1

Fiber diameter distributions with average �ber diameter of Ethyl cellulose/Hydroxypropyl methylcellulose
(EC/HPMC) with different blending ratios of 95:5, 90:10, and 85:15, and optimal EC/HPMC NFs (85:15)
with 10% Aloe Vera (Alv). Data are expressed as mean ± SD (n = 100). Differences were considered
signi�cant at P < 0.05.
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Figure 2

Fourier transform infrared (FTIR) spectra of Aleo-vera (Alv), Ethyl cellulose (EC), Hydroxypropyl
methylcellulose (HPMC), EC/HPMC, and EC/HPMC/Alv nano�bers.



Page 15/19

Figure 3

Thermogravimetric analysis (TGA) of Ethyl cellulose/Hydroxypropyl methylcellulose (EC/HPMC) with
different blending ratios of 95:5, 90:10, and 85:15, and optimal EC/HPMC NFs (85:15) containing 10%
Aloe Vera (Alv).
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Figure 4

Swelling degree of Ethyl cellulose/Hydroxypropyl methylcellulose (EC/HPMC) with different blending
ratios of 95:5, 90:10, and 85:15, and optimal EC/HPMC NFs (85:15) containing 10% Aloe Vera (Alv).

Figure 5
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The degradation of Ethyl cellulose/Hydroxypropyl methylcellulose (EC/HPMC) with different blending
ratios of 95:5, 90:10, and 85:15, and optimal EC/HPMC NFs (85:15) containing 10% Aloe Vera (Alv) in the
pHs = 7.4, 5.3.

Figure 6

Cell viability of Ethyl cellulose/Hydroxypropyl methylcellulose (EC/HPMC) with different blending ratios
of 95:5, 90:10, and 85:15, and optimal EC/HPMC NFs (85:15) containing 10% Aloe Vera (Alv).
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Figure 7

The cell adhesion of Ethyl cellulose/Hydroxypropyl methylcellulose (EC/HPMC) with blended ratio of
85:15 containing 10% Aloe Vera (Alv) after 1, 3, and 5 days.
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Figure 8

Antibacterial activity of Ethyl cellulose/Hydroxypropyl methylcellulose (EC/HPMC) with blended ratio of
85:15 (control), and control nano�ber (NF) sample containing 10% Aloe Vera (Alv) NFs.


