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Abstract
Skin is part of the integumentary and excretory system, which helps protect the body against infections. The skin should be 
properly treated when it gets injured, which requires a long healing process. In this study, 15% (w/v) polylactic acid (PLA) 
and 1 and 2% (w/v) polymethylsilsesquioxane (PMSQ) scaffolds were fabricated using 3D printing technology, and the 
surfaces of each scaffold were coated with 5% ethylcellulose (EC)/vitamin E microparticles using the electrospray method. 
The morphologies of the scaffolds were characterized using a scanning electron microscope (SEM), and results showed that 
the pore sizes of the scaffolds ranged from 136 to 265 μm. The vitamin E was completely released from the scaffolds within 
5 h. MTT test was performed with fibroblast cells and results proved the biocompatibility of the scaffolds. These findings 
showed that the scaffolds may have good potential as a wound dressing material. The biodegradation test was performed in 
in vitro conditions and results showed that the surface coating with 5% EC/vitamin E microparticles on the 15% PLA/2% 
PMSQ scaffolds increased the degradation rate of the scaffolds.
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1  Introduction

Skin wounds are injuries resulting from trauma and mechan-
ical tears to skin tissue [1]. This can cause blood loss and 
maybe shock [2]. In this case, rapid hemostasis is impor-
tant since the recovery of damaged skin after hemostasis 
is a slow and complex process [3]. Wound healing involves 
several stages, including inflammation, tissue repair, and 
tissue reconstruction [4]. When inflammation forms in a 
wound, the body's immune system responds by secreting 
white blood cells to the affected area to protect against infec-
tion and initiate the tissue repair process. This can cause 
swelling, redness, and warmth at the wound site. In the tis-
sue repair phase, new cells called fibroblasts are produced 
and begin to release the collagen protein that helps form 
new tissue. The wound begins to fill with new tissue and 
the wound area begins to close by the edges of the wound. 
Various factors, such as the size and depth of the wound, 
the presence of infection, and the individual's general health 
status, can affect the wound healing process. Thus, medica-
tions or other treatments may be necessary to promote heal-
ing. Another factor that inhibits the healing process of the 
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wound is high levels of reactive oxygen species (ROS) [5]. 
At low concentration levels of ROS, they will act as a mes-
senger for migrating cells, accelerating the healing process 
and angiogenesis [6]. Today, traditional dressing materials 
such as gauze are widely used in clinical practice for wound 
healing. However, these materials exhibit weak hemostatic 
effects and may cause problems such as tissue adhesions 
when in contact with the wound for a long time [7]. These 
disadvantages have increased the interest in new wound 
dressing materials such as 3D scaffolds, hydrogels, films, 
nanofibers, and sponges [8, 9].

In recent years, 3D bioprinting technology has emerged 
as a new technological approach for producing layer-by-layer 
complex biobased structures with cell-containing bioinks 
[10, 11]. In tissue engineering applications, 3D printing 
has a special function in creating scaffolds. These scaffolds' 
high surface area and small hole diameters are necessary for 
optimal cellular interactions and the development of new 
functional tissues [12]. The utilization of 3D printing tech-
nology presents a benefit in the creation of safe, durable, and 
economical implantable scaffolds by enabling the production 
of intricate geometries with uniform cell distributions [13]. 
Therefore, several criteria, including the intended shape, 
size, porosity, mechanical strength, drug loading, release 
profile, biocompatibility, and cost-effectiveness of the scaf-
fold, influence the decision to choose 3D printing over gel 
formulation for the scaffold drug delivery system [14].

Electrospraying, also known as electrodynamic spray-
ing, can produce tiny droplets with submicron sizes after 
employing an electric field [15]. The electrostatic force is 
utilized to break the surface tension of the charged liquid 
in a syringe [16]. Nanoparticles or microparticles produced 
by the electrospraying method are loaded with drugs or sup-
plements known for their healing properties or effects on 
infections and are used as drug delivery vehicles or drug 
release platforms [17].

PLA has desired properties such as being biocompat-
ible, biodegradable, and mechanical strength and it pro-
vides desirable controlled release of functional drugs and 
supplements [18]. PMSQ is a material that has been used 
widely in skin care products and cosmetics. It has good 
mechanical properties with a large elastic module range 
(8.500–10.000 MPa). It has an organic–inorganic nature 
that provides it with thermal stability. Also, its elasticity in 
addition to its chemical nature serves the goal of using it on 
the skin (https://​www.​wacker.​com/h/​en-​us/​silic​one-​resins/​
silic​one-​resins-​inci/​belsil-​PMSQ-​powder/​p/​00000​9684.).

Vitamin E is a fat-soluble supplement used as a micropar-
ticle because of its ability to improve skin healing through 
its chemical and physical stabilities. Its physical stability is 
provided by adhesive films which lead to the occlusive effect 
that provides penetration of the vitamin on the skin [19]. 
Ethyl cellulose (EC) is used as a barrier to deliver vitamin 

E microparticles and assist the release process on the skin 
due to its hydrophobicity, lipophilicity, and non-toxicity 
properties [20].

In this study, 3D-printed scaffolds were produced using 
polylactic acid (PLA) and polymethylsilsesquixane (PMSQ) 
polymers. The fabricated PLA/PMSQ 3D-printed scaffolds 
were coated with EC/vitamin E microparticles by electro-
spray method. The particles have drawn a lot of interest from 
the biomedical research community and offer a viable plat-
form for cutting-edge medication delivery systems. Owing 
to these intrinsic characteristics, coating nanoparticles to the 
scaffold appears to be a far better and unique method than 
merely combining them with the scaffold matrix. Therefore, 
in his study, we used the electrospray method to coat the 5% 
EC/vitamin E microparticles onto 3D-printed 15% PLA/2% 
PMSQ scaffolds, aiming to evaluate their potential as thera-
peutic agents for wound healing.

2 � Materials & Method

2.1 � Materials

Poly (lactic acid) (PLA) 4060D (MW ∼ 92 kDa) as granule 
form was obtained from NatureWorks LLC, Minnetonka. 
Polymethylsilsesquioxane (PMSQ) polymer (MW = 7465 g/
mol), in powder form, was purchased from Wacker Chemie 
AG, GMBH (Burghausen, Germany) under BELSIL® PMS-
MK trademark name. Ethyl cellulose (viscosity 46 cP, 5% 
in toluene/ethanol) was purchased from Sigma-Aldrich (St 
Louis, MO, USA). Vitamin E (D-α-Tocopherol) was pur-
chased from Kocak Farma, Turkey, and as solvents chloro-
form was purchased from Merck, Germany, and absolute 
ethanol was purchased from Isolab. Phosphate buffer saline 
(PBS) (pH 7.4) was supplied from Chembio (Istanbul, 
Turkey).

2.2 � Preparation of each solutions

Firstly, 15% (w/v) PLA polymer solution was prepared dis-
solving 1.5 g of PLA in 10 mL of chloroform for 1 h at 
500 rpm. Then, PMSQ polymer was added into homogenous 
15% PLA solutions separately at concentrations of 1% and 
2% (w/v) and mixed for an extra 30 min on the magnetic stir-
rer. Each solution was prepared at room temperature (25 ± 2 
℃) and transferred into a 10 mL plastic sterile syringe. For 
microparticle production, EC was dissolved in ethanol at 
a concentration of 5% (w/v). After 5% EC was completely 
dissolved in a magnetic stirrer at 700 rpm for one hour, 
1 tablet of vitamin E was added to the solution. The EC/
vitE solutions were mixed using a high-speed homogenizer 
(8000 rpm) for 2 min to obtain homogeneous solutions.

https://www.wacker.com/h/en-us/silicone-resins/silicone-resins-inci/belsil-PMSQ-powder/p/000009684
https://www.wacker.com/h/en-us/silicone-resins/silicone-resins-inci/belsil-PMSQ-powder/p/000009684
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2.3 � Fabrication of the 3D‑printed scaffolds

The scaffolds were fabricated using an extrusion-based 
3D bioprinter (Hyrel 3D, SDS-5 Extruder, GA, USA). 
The 15% PLA and 15% PLA/(1–2) % PMSQ solutions 
in a 10 mL plastic sterile syringe were connected to the 
printer using a plastic needle that has a 0.2 mm diam-
eter. The scaffolds were designed as squares in dimen-
sions 20 mm × 20 mm using the solidworks program and 
converted to G-code (Fig. 1). Printing process parame-
ters were controlled using solidworks and scaffolds were 
printed as 6 layers in total, printing speed of 10 mm/s, flow 
rate of 1 ml/h, and at room temperature (25 ± 2 ℃).

2.4 � Electrospraying of microparticles 
on the 3D‑printed scaffolds

The microparticles were fabricated using a laboratory-
scale electrospray machine (NS24, InovensoCo, Tur-
key). Firstly, 5% EC/vitamin E solution was placed into a 
10 mL plastic sterile syringe and connected to a syringe 
pump (NE-300, New Era Pump Inc., Toledo, OH, USA). 
The stainless-steel needle which has a 0.3 mm inner and 

0.8 mm outer needle was used. The flow rate was adjusted 
to 13 μL/min, the voltage value was 23 kV and the dis-
tance between the needle tip and grounded collector was 
set to 10 cm. The 5% EC/vitamin E microparticles were 
sprayed only on the surface of 15% PLA/2% PMSQ 
scaffolds (Fig. 1).

2.5 � Morphological analysis of the scaffolds

The morphology of each scaffold was analyzed using scan-
ning electron microscopy (SEM, EVA MA 10, ZEISS) 
after coating the surface of the scaffolds with gold under 
a coating machine (Quorum SC7620, USA) for 10 s. The 
average pore sizes and their distributions were investigated 
using image software (Olympus AnalySIS, Waltham, MA, 
USA).

2.6 � Thermal characterization of the scaffolds

The thermal properties of each scaffold were investigated 
using differential scanning calorimetry (DSC-60 Plus 
model, Shimadzu, Kyoto, Japan) in a temperature range 
(25–200 ̊ C) at a rate of 25° C/min.

Fig. 1   Methodology of the experiment
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2.7 � Chemical analysis of the scaffolds

The chemical properties and bonds of each scaffold 
were obtained using fourier transform infrared spectros-
copy (FTIR, 4700 Jasco, Japan), which was used with 
(4000–400 cm−1) scanning wavelength range and (4 cm−1) 
resolution.

2.8 � Mechanical properties of the scaffolds

The tensile strength and strain properties of each scaffold 
were analyzed using a tensile test machine (EZ-X model, 
Shimadzu, Kyoto, Japan). Firstly, the thickness of each sam-
ple was measured with a digital micrometer (Mitutoyo MTI 
Corp., USA). The speed of the tensile testing machine was 
adjusted to 5 mm/min and the mechanical properties were 
tested at room temperature. The force was fixed to the value 
of 0.1 kN. The mechanical properties of each scaffold were 
performed by testing three samples of each same scaffold. 
The scaffolds were placed directly between the jaws of the 
device to measure the tensile strength and strain values of 
the scaffolds under this force.

2.9 � Biodegradation test

The degradation behavior of the scaffolds was investigated 
for 5 days. The initial weight of scaffolds (W0) was meas-
ured on the first day, then scaffolds were placed in 1 mL of 
phosphate-buffered saline (PBS, pH: 7.4) and were put on a 
thermal shaker (BIOSAN TS-100C) at 37 ℃ and 400 rpm. 
After every 24 h, the scaffolds were removed from the PBS 
solution and dried for 24 h in the incubator at 37 ℃, The 
dried weight of the scaffolds was measured and 1 mL of 
fresh PBS solution was added after each measurement.

In this Eq. (1), W0 is the initial weight, WD is the dried 
weight, and Di is the degradation ratio.

2.10 � In vitro drug release analysis of vitamin E

The release behaviors of vitamin E from 15% PLA/2% 
PMSQ scaffolds were performed after immersing 5 mg of 
the scaffold in 1 mL of phosphate buffer solution (PBS, pH: 
7.4) in a thermal shaker (BIOSAN TS-100C) at 37 ℃ and 
400 rpm. Absorbance values were measured using a UV 
spectrophotometer (Shimadzu- UV-1280, Japan). After 
each measurement, fresh PBS solution was added to scaf-
folds and left again on the thermal shaker for the specific 
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time interval. The absorbance wavelength points of vita-
min E were between (232–238 nm). Five different vitamin 
E concentrations were prepared as (0.2, 0.4, 0.6, 0.8, and 
1.0 μg/ml), and measured a using UV spectrophotometer 
(Shimadzu- UV-1280, Japan). Then the calibration curve 
was plotted at wavelength ranging between 200 and 340 nm.

2.11 � Biocompatibility analysis using MTT assay

Firstly, fabricated scaffolds were prepared by being sterilized 
overnight under UV light in 96well plates, then it was incu-
bated in DMEM growth medium with 10% of Fetal bovine 
serum (FBS) and 0.1 mg/ml penicillin/streptomycin at 37 °C 
with 5% CO2 atmosphere for one hour. After incubation, 
fibroblast cells were seeded with the density of 50000 cells/
scaffold on the scaffolds in 96 well plates same as the stand-
ard cell culture procedure. Cytotoxicity detection kit (MTT 
from Glentham Life Sciences) was used to investigate cel-
lular metabolic activity as an indicator of cell viability, pro-
liferation, and cytotoxicity to obtain the biocompatibility 
of the scaffolds after 1st, 3rd, and 7th days of incubation. 
Elisa reader (Perkin Elmer, Enspire) was used to obtain the 
absorbance values at 560 nm wavelength. The measurements 
were repeated three times and the mean values were taken 
as the result. SEM images were taken to investigate the cel-
lular morphology of fibroblast cells on the scaffolds. After 
3 days, the growth medium was dispensed, and scaffolds 
were treated with 4% glutaraldehyde (Sigma Aldrich), then 
dried using serial dilution and air dried.

3 � Results & discussions

3.1 � Morphological analysis by SEM

The morphology of each scaffold and its pore structures 
were analyzed using an SEM, and the results are shown 
in Fig.  2. According to SEM images, the lowest mean 
pore size was observed for 15% PLA scaffold and found 
to be 135.47 ± 13.71 μm (Fig. 2a). With the addition of 
PMSQ to the 15% PLA, the mean pore size of the scaffold 
increased. Figure 2(b) shows the SEM images and pore size 
distribution of the 15% PLA/2% PMSQ scaffold, and the 
mean pore size value was found to be 265.42 ± 16.91 μm. 
However, the mean pore size of the 15% PLA/2% PMSQ 
scaffold decreased to a value of 203.44 ± 7.79 μm when 
its surface was coated with EC/vitamin E microparticles 
(Fig. 2c). Based on the SEM images, it is noticeable that the 
addition of PMSQ increased the pore size value compared 
to the 15% PLA scaffold. On the other hand, after coating 
the surface of the 15% PLA/2% PMSQ scaffold with EC/
vitamin E microparticles the mean pore size decreased when 
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compared to 15% PLA/2% PMSQ scaffold as its surface 
area was covered with microparticles which has been 
sprayed homogeneously over the scaffolds. Additionally, 
all scaffolds were easily printed without any clogging 
problems, and the pores of each scaffold were visible. If 
the pore size of the scaffold is less than 325 μm, cells can 
attach, proliferate, and differentiate since it will be easier 
to imitate the extracellular matrix. Therefore, we can say 
that the fabricated 3D-printed scaffolds can easily provide 
a suitable environment for cell attachment, migration, 
adhesion, and differentiation [21].

3.2 � Thermal characterization of each scaffold

The thermal analysis was performed using differential 
scanning calorimetry to investigate the effect of heat and 
chemical interaction that lead to glass transition, melting, 
and crystallization on the fabricated scaffolds. Figure 3(a) 
represents the DSC curve of the 15% PLA/2% PMSQ scaf-
fold coated with vitamin E which showed endothermic 
peaks at 70.03 ℃ and 151.64 ℃ due to the glass transition 
of PLA at 70 ℃ and melting point of PLA at 150 ℃ [22, 
23]. Additionally, PMSQ addition might have improved 

Fig. 2   SEM images of 15% PLA (a), 15% PLA/2% PMSQ (b), and 15% PLA/2% PMSQ coated with vitamin E (c) and graphs of their pore size 
distributions
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the thermal characteristics of PLA-based scaffolds since 
a very small change was observed in the melting point 
of PLA when compared to the study by Croitoru et. al. 
[23]. Figure 3(b) represents the DSC curve of vitamin 
E which did not show any peaks. Figure 3(c) represents 
the DSC curve of a 15% PLA/2% PMSQ-based scaffold 
that showed endothermic peaks at 65.99 ℃ and 153.86 ℃. 
These results indicated that the melting temperatures of 
both 15% PLA/2% PMSQ and 15% PLA/2% PMSQ scaf-
folds coated with 5% EC/vitamin E microparticles were 
close. However, the 15% PLA/2% PMSQ scaffold coated 
with vitamin E microparticles showed similar thermal 
behavior to the 15% PLA/2% PMSQ scaffolds.

3.3 � Chemical analysis

For chemical analysis and the detection of heterogene-
ity in scaffolds, FTIR analysis was performed, and Fig. 4 
represents the FTIR spectra of each scaffold and vitamin 
E. Figure 4(a) shows the spectrum of the 15% PLA/2% 
PMSQ scaffold coated with vitamin E. There was a peak 
at 1747.19 cm−1 which represents C = O stretching, and 
other peaks were observed at 1452.14 cm−1, 1382.71 cm−1, 
1359.57 cm−1, 1268.93 cm−1 which represent C-H bonding 
of PLA [24]. The peaks at 1180.22 cm−1, 1124.30 cm−1,10
79.94 cm−1,1039.44 cm−1 which represent C-O stretching, 
and peaks at 865.88 cm−1, 765.60 cm−1, 707.75 cm−1 rep-
resents C–C stretching [25, 26]. Figure 4(b) shows the pure 
vitamin E spectrum, which showed peaks at 2921.63 cm−1, 
and 2852.20 cm−1 which presents C-H stretching, and a peak 
at 1745.26 cm−1 which presents C = O stretching. Other 
peaks at 1457.92 cm−1, 1421.28 cm−1, and 1340.28 cm−1 
are related to C-H bonding. Additionally, there were 
peaks at 1159.01 cm−1 and 1006.66 cm−1 which represent 
C-O stretching, and peaks at 916.02 cm−1, 854.31 cm−1, 
811.88 cm−1, 723.18 cm−1 which represent C–C stretching. 
Furthermore, typical absorption peaks of vitamin E were 
observed at 1376.93 cm−1 (methyl groups), 1261.22 cm−1, 
1211.08 cm−1, and 1085.73 cm−1 (C-O stretching and the 
phenol group) [27]. Figure 4(c) shows the spectrum of the 
15% PLA/2% PMSQ scaffold. Similar peaks on the samples 
of the control group were observed at different wavelengths. 
The peak at 1747.19 cm−1 presents C = O stretching and 
other peaks at 1452.14 cm−1, 1382.71 cm−1, 1359.57 cm−1, 
and 1268.93  cm−1 represent C-H bonding. The peaks 
at 1180.22  cm−1, 1079.94  cm−1, and 1039.44  cm−1 are 
related to C-O stretching. There were peaks at 863.95 cm−1, 
765.60 cm−1, and 703.89 cm−1 which are correlated to C–C 
stretching.

3.4 � Mechanical properties of the scaffolds

Table 1 shows the tensile testing results of each scaffold. The 
highest tensile strength value resulted in the 15% PLA scaf-
fold (9.86 ± 2.19 MPa), whereas the value of the elongation 
at break was measured as 4.32 ± 0.61%. To find the opti-
mum PMSQ concentration, tensile testing was performed 
on both scaffolds containing PMSQ alongside the 15% PLA 
scaffold. Compared to the 15% PLA scaffold, it can be said 

Fig. 3   DSC curves of the 15% PLA/2% PMSQ scaffold coated with 
vitamin E (a), vitamin E (b), and 15% PLA/2% PMSQ scaffold (c)

Fig. 4   FTIR spectrums of 15% PLA/2% PMSQ scaffold coated with 
vitamin E (a), vitamin E (b), and 15% PLA / 2% PMSQ (c)

Table 1   Tensile test results of each scaffold

Samples Tensile stress (MPa) Tensile strain (%)

15% PLA 9.86 ± 2.19 4.32 ± 0.61
15% PLA/1% PMSQ 6.93 ± 3.80 2.55 ± 2.37
15% PLA/2% PMSQ 7.27 ± 1.09 12.73 ± 15.29
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that the addition of PMSQ decreased the mechanical prop-
erties of the scaffold. When the PMSQ ratio increased to 
2%, it resulted in higher mechanical properties than the 15% 
PLA/1% PMSQ scaffold. The tensile strength and elongation 
at break values of the 15% PLA/1% PMSQ were found to be 
6.93 ± 3.80 MPa and 2.55 ± 2.37%, respectively. The addi-
tion of 2% PMSQ to 15% PLA scaffold increased the tensile 
strength again to a value of 7.27 ± 1.09 MPa and elongation 
at break value increased to a value of 12.73 ± 15.2%.

3.5 � In vitro degradation test results

When structures are exposed to PBS, degradation happens 
when they dissolve over time [28]. Figure 5 demonstrates 
the degradation ratios of all scaffolds after incubation in 
PBS solution for various time periods. The 15% PLA/2% 

PMSQ scaffold coated with 5% EC/vitamin E microparticles 
showed the highest degradation rate at 13.24% on the fourth 
day of incubation. In the Fahimirad et al. study, they fabri-
cated PCL/chitosan nanofibers and coated these nanofibers 
with curcumin-loaded chitosan nanoparticles. The degrada-
tion test performed in this study showed that electrospray 
chitosan/curcumin nanoparticles improved the degradation 
rate of PCL/chitosan nanofibers [29]. In comparison, the 
lowest degradation rate (6.66%) belonged to the 15% PLA 
scaffold. The hydrophobicity nature of both PLA and PMSQ 

Fig. 5   The degradation behav-
iors of the scaffolds after 5 days 
of incubation

Fig. 6   The cumulative release graph of vitamin E released from 15% 
PLA/2% PMSQ scaffold

Fig. 7   MTT assay of the 3D-printed scaffolds after 1, 3, and 7 days 
of incubation time. One-way Analysis of Variance (ANOVA) Tukey–
Kramer Multiple Comparisons Test Comparison to 2D *p < 0.05, 
***p < 0.001
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affected their biodegradability properties. On the other hand, 
the addition of 2% PMSQ to 15% PLA increased the degra-
dation ratios for all incubation times.

3.6 � Vitamin E release from 15% PLA/2% PMSQ 
scaffolds

Figure 6 shows the cumulative release graph of the vitamin 
E from the scaffolds. The calibration curve was obtained 
using absolute ethanol mixed with vitamin E stock at differ-
ent concentrations (0.2, 0.4, 0.6, 0.8, and 1.0 μg/mL) and the 
correlation coefficient (R2) was calculated from the calibra-
tion curve. The absorbance plot of the vitamin E was deter-
mined at 235 nm. The results indicated that vitamin E was 

released from the 15% PLA/2% PMSQ scaffold within 5 h. 
According to the study carried out by Javier Pérez Quinones 
et. al., the release of vitamin E was completed in 7 h, which 
is similar to our study [30]. Therefore, it is possible to sug-
gest that the release of vitamin E showed the same behavior 
as the literature.

3.7 � MTT assay

MTT assay was used to obtain the biocompatibility prop-
erties of the scaffolds cultured with fibroblast cells for 1, 
3, and 7 days. Figure 7 shows the viability of fibroblast 
cells when cultured with scaffolds after 1, 3, and 7 days 
of incubation compared to 2D (control group). After the 

Fig. 8   SEM images of the cells on the 15% PLA/2% PMSQ scaffold coated with 5% EC/vitamin E over different days of incubation
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first day of incubation, the highest viability value was 
detected in the 15% PLA/2% PMSQ scaffold coated with 
5% EC/vitamin E at 154.4 ± 12.23%. The 15% PLA had an 
84.7 ± 7.87% viability value for the first day of incubation 
time. On the third day of incubation, the viability val-
ues of both scaffolds showed decreased values. The 15% 
PLA/2% PMSQ scaffold coated with vitamin E showed a 
viability value of 108.5 ± 10.16% and it was the highest 
compared to the viability of cells cultured with 15% PLA 
(71.1 ± 10.88%). On the seventh day of incubation, the 
viability value of 15% PLA/2% PMSQ scaffold coated 
with vitamin E increased and obtained as 120.8 ± 7.47% 
and was the highest compared to 15% PLA with a value 
of 101.4 ± 0.47%. According to the obtained results, both 
15% PLA, and 15% PLA/2% PMSQ coated with vitamin 
E were biocompatible and not cytotoxic. 15% PLA/2% 
PMSQ scaffolds coated with vitamin E microparticles 
showed the highest cell growth and proliferation com-
pared to others.

Figure 8 shows the SEM morphologies of the cells cul-
tured with the 15% PLA/2% PMSQ scaffold coated with 
5% EC/vitamin E microparticles after 1, 3, and 7 days of 
the incubation period. The cells were able to attach to 
the scaffolds and had a typical fibroblast morphological 
structure [31].

4 � Conclusions

This research showed the ability to fabricate PLA/PMSQ-
based scaffold coated with vitamin E microparticles using 
3D printing technology and an electrospray method. The 
mechanical, thermal, chemical, morphological, and bio-
logical properties of the PLA/PMSQ scaffolds were exam-
ined. The biocompatibility results proved that scaffolds 
were not cytotoxic and biocompatible with fibroblast 
cells, it showed better viability results when coated with 
EC/vitamin E microparticles. SEM analysis showed the 
homogeneous morphology of the 3D scaffolds. The ten-
sile test results showed that 15% PLA/2% PMSQ scaffolds 
had tensile strength slightly lower than 15% PLA scaf-
folds. According to results, it can be said that all combi-
nations may have potential to be used in wound dressing 
applications.
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