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Abstract

Pistacia lentiscus var. chia resin (Chios Mastic Gum—CMG) is a natural aromatic resin that
has been utilized in traditional medicine for more than 2.5 millennia, as it exhibits a wide
range of pharmacological properties. In this study, various quantities of Chios Mastic Gum
(3.5, 6.5, and 10 wt%) were encapsulated in electrospun fibers of poly-ε-caprolactone (PCL)
to develop functional fibrous mats with multiple potential applications. The morphological
analysis of composite membranes was conducted through scanning electron microscopy
(SEM), revealing the formation of uniform fibers and incremental diameter size in samples
with a higher concentration of CMG. The encapsulation efficiency was assessed by UV-Vis
spectrophotometry and showed an exceptionally high loading efficiency (87–88%). The
cytotoxicity of CMG-loaded nanofibers was tested in human embryonic kidney cell line
HEK293 and human hepatocarcinoma cell line HepG2 using the MTT assay. In both cases,
a high concentration of encapsulated CMG led to a statistically significant reduction in
cell viability.

Keywords: Chios Mastic Gum; electrospinning; encapsulation; cytocompatibility; antitumor
activity; polycaprolactone fibers

1. Introduction
Chios Mastic Gum (CMG) is a natural aromatic resin that is secreted by the shrub

Pistacia lentiscus var. Chia, which is only found in the southern area of the Greek island
of Chios. The resin itself has been recognized by the European Union as a Protected
Designation of Origin (PDO) product [1], while the traditional process of its cultivation has
been added to UNESCO’s list of Intangible Cultural Heritage of Humanity [2]. Its unique
properties have been utilized in a wide variety of fields, ranging from food, beverage, and
pharmaceutical applications to industrial implementations in varnishes and adhesives.

CMG consists of more than 250 compounds [3], the combination of which provides its
medicinal and aromatic properties. The first references of its benefits date back to the first
century AD, when physician Dioscorides suggested its use against minor gastrointestinal
disorders and for improving oral hygiene [4]. Since then, multiple studies have validated
his observations and have shed more light on its positive effects on human health. Firstly,
it has been used as a natural pharmaceutical compound for the eradication of H. pylori, a
bacterium responsible for gastric ulcers [5]. Recent studies have demonstrated inhibition
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of H. pylori strains in vitro [6,7], as well as its effectiveness against inflammatory bowel
disease [8] and dyspepsia [9]. CMG, the first natural chewing gum, has been proven to
be exceptionally beneficial for oral hygiene, protecting against gingivitis, the formation of
plaque, xerostomia, and oral bacteria [10,11]. Its antimicrobial properties are also evident in
foodborne pathogens and various common bacteria and fungi [12–14]. Moreover, it is rich
in triterpenes, exhibiting anti-inflammatory activity via interference with glucocorticoid
receptors (GRs), AMP-activated protein kinase (AMPK), peroxisome proliferator-activated
receptor α (PPARα), and nuclear factor-kappa B (NF-κB) signaling [3,15,16]. When it comes
to antioxidant effects, CMG has been proven to limit the production of H2O2 and superox-
ide via protein kinase C (PKC) inhibition [17], reduce the levels of oxidized low-density
lipoprotein (oxLDL) [18,19], nitric oxide (NO), and prostaglandin E2 (PEG2), and scavenge
hydroxyl radicals (•OH) [20], which is possible via the induction of antioxidant factors,
such as PPARα expression [3]. Recent studies have also showcased its anti-proliferative and
anti-metastatic properties in multiple cancer cell lines [21–24]. In addition, its consumption
leads to improved prostate function [25], as well as lower cholesterol, triglyceride, and
glucose levels [26,27]. Its most important recognition came in 2015, when the European
Medicines Agency (EMA) classified CMG as a traditional herbal medicine and recognized
its potency against dyspeptic disorders and skin inflammation as well as its ability to
expedite the healing of small wounds [28].

However, in many cases, in vivo studies did not correspond with in vitro observa-
tions [29,30]. Many scientists have attributed these results to the sticky, non-soluble polymer,
which constitutes 25–30% of CMG. The polymer is considered responsible for interfering
with bioactive compounds, for increasing difficulty in sample handling, and for reducing
water solubility and bioavailability [6]. As a result, most recent investigations have focused
on the total mastic extract without polymer (TMEWP). Nevertheless, in some studies, the
removal of the polymer led to a reduction in CMG’s activity [27,31].

Recently, there has been a significant surge in interest in developing innovative prod-
ucts to utilize and enhance CMG’s activity. These studies aim to encapsulate CMG in sil-
ver [32,33] or polymer-based nanoparticles [34] and nanostructured lipid carriers [14,35,36],
mainly for cutaneous applications.

Another method that can elevate its properties is electrospinning, which is a fast,
simple, and economic technique that is based on using electrostatic forces to produce
porous membranes consisting of ultrathin polymeric fibers. These fibers, whose average
diameter ranges from a few nanometers to micrometers, can be functionalized by incorpo-
rating bioactive substances, which can enhance their performance for various biomedical
applications, such as drug delivery [37], cancer treatment [38], or wound healing [39]. Func-
tionalized membranes are capable of providing sustained and targeted release, enhancing
their effectiveness and limiting the possibility of side effects due to drug overdoses or direct
contact with the skin with some pure extracts in topical treatments. Their interconnected
porous network allows water vapor and oxygen molecules to diffuse efficiently through
the fibrous membrane, maintaining an appropriate moisture level in the area around the
wound and promoting tissue regeneration [40]. Moreover, fibrous mats exhibit excellent
biocompatibility, and their composition allows them to mimic the native extracellular
matrix (ECM), expediting cell proliferation and wound healing [41]. These membranes
have increased mechanical strength, and they are thin and lightweight with high flexibility,
which allows them to adapt to various surfaces, such as the skin’s contours or tissues [39].
Evidently, the encapsulation of CMG in electrospun fibers could result in a novel product
with enhanced bioactive properties.

For the fabrication of effective electrospun membranes, the selection of a polymer
with suitable properties is crucial. Especially for the development of medical devices, their



Fibers 2025, 13, 116 3 of 17

toxicity, immunogenicity, and ability to encapsulate active pharmaceutical ingredients
should be taken into consideration. In this regard, poly-ε-caprolactone (PCL) is a promising
choice for the encapsulation of CMG, as it is a biocompatible and biodegradable polymer,
exhibiting exceptional blend compatibility, low solubility, and slow degradation [42].

Thus, this study focused on the development of CMG-functionalized PCL fibrous mats
and on the analysis of the physicochemical and biological characteristics of the composite
membranes. Initially, membrane samples containing various quantities of CMG (3.5, 6.5,
and 10 wt%) were prepared by electrospinning. Since it is the first time that CMG was
encapsulated into electrospun fiber mats, a relatively low concentration of CMG was
selected for initial experiments (i.e., 3.5 wt%) and was increased approximately 3 times (up
to 10 wt%). An investigation into the morphology of the fibers was carried out through
scanning electron microscopy (SEM), and the encapsulation efficiency was determined
through UV-Vis spectrophotometry. Studies of the thermal behavior of the produced
mats included thermogravimetric analysis (TGA) and differential scanning calorimetry
(DSC). The cytocompatibility of the electrospun fibers, as well as their anticancer activity,
was examined via an MTT assay by measuring the viability of HEK293 and HepG2 cells,
respectively. To the best of our knowledge, this is the first time that CMG is encapsulated
into electrospun polymer membranes, which will probably broaden the application field of
the bioactive substance.

2. Materials and Methods
2.1. Materials

The Chios Mastic Gum (CMG) powder was a kind donation from the Chios Mas-
tic Growers Association and mastihashop. Poly-ε-caprolactone (PCL), dichloromethane
(DCM), and dimethylformamide (DMF) were obtained from Sigma-Aldrich (St. Louis,
MO, USA), while Dulbecco’s modified Eagle medium (DMEM) (with 4.5 g/L glu-
cose and 1 mM sodium pyruvate), trypsin–EDTA 1X in PBS, L-glutamine, penicillin–
streptomycin solution 100X, fetal bovine serum (FBS), and MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) were purchased from Biowest (Nuaillé, France).
In this study, 2-hydroxy-5-methylbenzaldeyhyde (BLD Pharmatech, Shanghai, China),
ethanol, dimethyl sulfonyl chloride (DMSO) (AppliChem GmbH, Darmstadt, Germany),
and sulfuric acid (Scharlau, Barcelona, Spain) were also used. The two cell lines (HEK293
and HepG2) involved in this study were purchased from the American Type Culture
Collection (ATCC) (Wesel, Germany).

2.2. Electrospinning

Initially, PCL was dissolved at a concentration of 11.5% (w/v) in a solvent mixture of
DCM and DMF at a 3:1 volume ratio [43,44]. Various concentrations of CMG were added
to the solution to form composite membranes. Solutions were incubated overnight at room
temperature to ensure a fully homogeneous state.

Electrospinning was performed with a homemade apparatus. The solutions were
inserted into a glass syringe (5 mL internal volume, 20 G, 0.603 needle internal diameter),
and the flow rate was controlled by a syringe pump (Harvard Apparatus, model 2274,
Holliston, MA, USA). The syringe tip was connected to a high voltage power supply
(Spellman High Voltage DC Supply, model RHR30P30, New York, NY, USA), and the
produced fibers were deposited on a rotating drum (10 rpm) covered with aluminum foil.

All the experiments were carried out at room temperature and humidity. The flow
rate was constantly set to 0.5 mL/h, the applied voltage was equal to 15 kV, and the syringe
tip was positioned at a distance of 7 cm from the collector [43,44]. The resulting mem-
branes were inserted in a vacuum chamber overnight (Shanghai Laboratory Instrument
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Works Co. Ltd., model 320 Pa, Shanghai, China) for the evaporation of moisture and
residues of DCM and DMF. Hence, composite mats containing 0, 3.5, 6.5, and 10 wt% CMG
were produced, which were named “Pure PCL”, “PCL/3.5CMG”, “PCL/6.5CMG”, and
“PCL/10CMG”, respectively.

2.3. Physicochemical Characterization of the Electrospun Mats
2.3.1. Morphological Characterization

In order to obtain information about the morphology of the produced fibers, the
samples were observed through a scanning electron microscope (JSM-6510, Jeol, Tokyo,
Japan; operated at an accelerating voltage of 20 kV). Carbon coating of the samples was
conducted through a rotary pumped coater (Quorum, model Q150R ES, Sussex, England) to
prevent charging. Secondary electron images were obtained under high-vacuum conditions,
with a working distance of 10 mm and at various magnifications (ranging from ×350 to
×2000). Using the acquired SEM images, the fibers’ diameters for each sample were
determined by analyzing 100–150 fibers from at least two different areas of the sample, in
order to ensure representative sampling, using ImageJ software (version 1.54) [45]. The
measurement was performed manually using the straight-line tool, and the scale was set
based on the scale bar of the SEM images.

2.3.2. Encapsulation Efficiency and Drug Loading

The quantification of the CMG on the surface and inside the fibrous mats was deter-
mined by a UV-Vis method for the detection of triterpenes [46]. The methodology was
adapted to CMG, which consists of 65–70% triterpenes [8]. For each measurement, 3 mg of
a composite membrane was dissolved in DCM, and an appropriate volume of the solution
was transferred into a new container, so that the theoretical amount of CMG was equal to
0.1 mg. After evaporation of the solvent, 1 mL of an ethanol solution of 1% 2-hydroxy-5-
methylbenzaldeyhyde and 0.75 mL of sulfuric acid were added. After 25 min of incubation
at room temperature, the samples were placed in ice for 5 min to stop the reaction. Then,
the absorption of the samples was measured at 543 nm using a UV-Vis spectrophotometer
(VWR International, model 1600-PC, Radnor, PA, USA) with a 1 cm path-length quartz
cuvette. In each case, the blank sample contained the appropriate theoretical amount of PCL
without CMG. A standard curve of pure CMG was prepared and utilized for quantification
purposes. Finally, the entrapment efficiency and the true wt% of CMG in the fibers were
calculated based on Equations (1) and (2), respectively.

Encapsulation Efficiency (%) =
Actual amount of CMG

Theoretical amount of CMG
× 100 (1)

Drug loading (%) =
Actual amount of CMG

Total mass of sample
× 100 (2)

2.3.3. Analysis of Thermal Behavior

The thermal characteristics of the composite membranes were investigated by thermo-
gravimetric analysis (TGA) and differential scanning calorimetry (DSC). In TGA, approx-
imately 3–5 mg of each sample was placed in a thermogravimetric analyzer (Shimadzu
Instrument Ltd., model TGA-50, Kyoto, Japan) and was heated from room temperature to
600 ◦C to assess thermal stability and degradation behavior. TGA measurements were per-
formed using a heating rate of 10 ◦C min−1 under a constant nitrogen flow of 20 cm3 min−1.

Regarding DSC, a differential scanning calorimeter was used (Shimadzu Instrument
Ltd., model DSC-50, Kyoto, Japan), and the temperature ranged from 45 ◦C to 200 ◦C to
determine thermal transitions. DSC measurements were performed using a heating rate of
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10 ◦C min−1 under a constant nitrogen flow of 20 cm3 min−1. Prior to heating, 3–5 mg of
each sample was placed in a metallic pan, which was properly sealed. An empty sealed
metallic pan was used as a reference.

2.4. Biological Characterization of the Electrospun Mats
2.4.1. Cell Culture and Seeding

HEK293 (human embryonic kidney-derived cells) and HepG2 (human liver cancer
cells) cell lines, widely applied for the biological assessment of natural products [47,48],
were involved in our study. In both cases, the cells were cultivated in suitable 25 or 75 cm2

culture flasks, which contained DMEM (with 4.5 g/L glucose and 1 mM sodium pyruvate)
supplemented with 10% FBS, 2 mM L-glutamine, and 1% penicillin–streptomycin solution
(100×). The cells were grown in an incubator (New Brunswick Scientific, model Galaxy
170S, San Diego, CA, USA) at 37 ◦C in 5% CO2. Cells were passaged every 3–4 days
when the confluence of the flask reached approximately 90%. During cell seeding, a
hemocytometer (Heinz Herenz Medizinalbedarf GmbH, Hamburg, Germany) was used
to count the cells that were seeded in a 96-well plate containing 200 µL of a cell culture
medium per well. All cell culture experiments were conducted under sterile conditions in
a laminar flow hood (Telstar, model av-30/70, Barcelona, Spain).

2.4.2. Cell Viability/MTT Assay

The cytotoxic effect of CMG-functionalized PCL fibrous mats was assessed on HEK293
and HepG2 cell lines. A total of 5000 and 8000 cells, respectively, were seeded in 96-well
plates and incubated for 24 h. Samples of composite membranes were added to the wells,
and their effect after 48 h was assessed through the MTT assay. Before their addition,
samples were prepared by creating circular disks (with diameters equal to 4 mm) using a
hole punch set (Paffrath, model 0800320, Le Thieulin, France), and each sample side was
UV-sterilized for 30 min under the laminar flow hood.

The MTT assay enables colorimetric detection of metabolically active cells. This
method is based on the reduction of the MTT reagent to insoluble formazan by mitochon-
drial succinate dehydrogenase of living cells, leading to the formation of formazan crystals.
Solubilization of formazan crystals leads to the development of a purple color. Initially,
cells were incubated for 3–4 h in a cell culture medium containing 0.5 mg/mL MTT reagent.
Then, the medium was carefully removed, 150 mL of DMSO was added, and the plate was
positioned on a shaker (Gesellschaft für Labortechnik, model 3015, Burgwedel, Germany)
and subjected to gentle agitation until the crystals were fully dissolved. Subsequently,
100 mL from each well was transferred to a new 96-well plate to avoid interference from
the circular membrane samples. The absorbance at 570 and 690 nm (background) was
measured using a plate reader (Perkin Elmer, model Enspire2300, Waltham, MA, USA).
The final absorbance of each well was calculated by subtracting the absorbance value of
the background from the absorbance value at 570 nm. Cell viability was calculated using
Equation (3).

Cell Viability (%) =
Average final absorbance of treated cells

Average final absorbance of untreated cells
× 100 (3)

For each concentration of CMG, at least 3 samples were analyzed, and statistical
significance was assessed using Welch’s t-test.
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3. Results and Discussion
3.1. Physicochemical Properties of the Electrospun Mats
3.1.1. Morphological Characteristics

Scanning electron microscopy (SEM) was utilized to analyze the morphology of poly-
ε-caprolactone (PCL) fibers with various amounts of encapsulated Chios Mastic Gum
(CMG) (0, 3.5, 6.5, and 10 wt%). A visual representation of the fibers is depicted in Figure 1.
The electrospun fibers exhibited a homogeneous morphology without beads, especially in
samples with a lower concentration of CMG.

  
(a) (b) 

  
(c) (d) 

Figure 1. SEM images depicting the morphology of electrospun fibers of (a) neat PCL,
(b) PCL/3.5CMG, (c) PCL/6.5CMG, and (d) PCL/10CMG samples.

The average diameter of the fibers, which is presented in Figure 2, ranged from
approximately 1.25 to 1.9 µm. An increase in CMG concentration led to a small increase
in the average fiber diameter. This result can be attributed to the increased viscosity of
the solution caused by the rise in CMG content. This increase is due to the composition
of CMG, which contains the natural polymer cis-1,4-poly-β-myrcene, as mentioned in the
Introduction Section. Thus, dissolution of CMG elevates the solution’s viscosity, owing
to the natural polymer’s presence, and leads to the formation of thicker fibers. Solution
viscosity is a crucial factor that significantly influences the quality of the prepared fibers.
Various studies have highlighted that an increase in this parameter impedes the solution’s
flow, and the electrospinning jet becomes less fluid and more difficult to stretch, resulting
in the production of fibers with larger diameters [49–51].
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Figure 2. Effect of increasing the concentration of CMG on the average diameter of electrospun PCL
fibers. Data are depicted as average value ± standard deviation (n = 100–150).

3.1.2. Encapsulation Efficiency and Drug Loading

The actual amount of CMG compared to its theoretical value, as well as the true wt%
in the fibers, was determined through a UV-Vis method and is displayed in Table 1. In all
samples, the entrapment efficiency was exceptionally high, reaching 87–88%.

Table 1. Encapsulation efficiency (%) and CMG loading (wt%) of composite mats. Data are depicted
as average value ± standard deviation (n = 2–4).

Samples Encapsulation Efficiency (%) CMG Loading (wt%)

PCL/3.5CMG 87 ± 6 3.0 ± 0.2
PCL/6.5CMG 88 ± 3 5.7 ± 0.2
PCL/10CMG 87 ± 5 8.7 ± 0.4

The encapsulation efficiency depends on various parameters such as the processing
variables [52], the selection of an appropriate solvent, and the intermolecular interactions
between the drug and the polymer [53]. A proper selection of a drug–polymer–solvent
system can enhance drug solubility and stabilize the drug within fibers. Consequently,
it significantly improves drug loading efficiency and affects the kinetics of the drug re-
lease [54,55]. Another important factor is drug concentration, which may also affect loading
efficiency. Böncü & Özdemir [56] noticed that at low drug content, the encapsulation
efficiency is very high, but beyond a certain value, it drops due to the undissolved drug in
the solution. On the contrary, other studies showed a successful encapsulation of very high
drug loadings (up to 60%) [57,58]. Hence, the drug content is an important factor affecting
the encapsulation efficiency, but it is not the only one, since the latter (encapsulation effi-
ciency) depends on multiple processing parameters and the synergistic effects between the
compounds of the ternary system (drug–polymer–solvent).

3.1.3. Thermal Behavior

Thermal analysis of the neat and composite fibers was performed by thermogravi-
metric analysis (TGA) and differential scanning calorimetry (DSC). TGA thermograms are
presented in Figure 3. High similarity is exhibited among all samples, with the maximum
decomposition rate ranging from 402 to 409 ◦C. Samples with higher CMG content exhibit
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a small shift in decomposition initiation to lower temperatures, as well as prolonged degra-
dation at higher temperatures. This trend can be explained by the TGA behavior of pure
CMG, presented in a recent study [59], in which CMG’s degradation starts at ≈227 ◦C
and is completed at ≈490 ◦C. Hence, an increase in CMG leads to profiles with a higher
resemblance to that of pure CMG.

 

Figure 3. TGA thermograms of neat PCL, PCL/3.5CMG, PCL/6.5CMG, and PCL/10CMG samples
in nitrogen atmosphere.

The latter is better understood when keeping the encapsulation mechanism in mind.
During electrospinning, solvent evaporation occurs rapidly and induces the rapid solidifi-
cation of the polymer and the drug. In most cases, solidification proceeds independently,
and a two-phase (solid–solid) mixture is formed. However, this mechanism is expected
to be more complicated in the case of CMG, since it is not a single drug substance, but a
multicomponent mixture of various compounds. Nevertheless, as mentioned above, CMG
is mainly composed of triterpenes, which are hydrocarbons and, as such, are of low polarity.
On the contrary, PCL presents moderate polarity due to the presence of the polar C=O and
C-O groups. Thus, a strong compatibility between PCL and CMG is not expected. Due
to the higher content of PCL, the polymer acts as the continuous matrix, and micro- and
nano-phases (particles) of CMG are expected to be present inside the matrix and on the
surface of the fibers. This behavior suggests the absence of strong interactions between the
polymer and the drug, and thus, no alteration of the biochemical properties and bioactivity
of the drug is expected. Consequently, PCL nanofibers can be considered as inert and safe
carriers for CMG.

DSC graphical data are depicted in Figure 4. Initially, the first heating scan was
evaluated in order to account for the effect of the rapid solidification/crystallization of the
matrix due to the rapid evaporation of the solvent during electrospinning and the effect of
the high surface-to-volume ratio that nano- or micro-fibers exhibit. It is known that PCL
exhibits a sub-zero glass transition temperature and a sub-zero crystallization temperature.
However, the materials developed in this study are meant for biomedical applications and,
thus, any shifting of the sub-zero transitions is of low practical importance. Consequently,
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the DSC measurements were performed starting from 45 ◦C. In addition, no thermal effect is
expected for PCL at temperatures above its melting point, which is around 60 ◦C. However,
CMG is a mixture of various substances, and some thermal effects, e.g., evaporation, may
occur. For this reason, the DSC measurements were performed up to 200 ◦C, which is a
temperature close to the temperature of the decomposition initiation of CMG. As presented
in Figure 4, in all cases, an endothermic peak around 60 ◦C is present, which corresponds
to the melting of PCL. A slight shift in the peak to lower temperatures is observed, as the
quantity of CMG increases, i.e., a melting point of 60.8 ◦C is observed for neat PCL fibers,
which reduces to 60.1 ◦C, 58.3 ◦C, and 58.3 ◦C upon the addition of 3.5, 6.5, and 10%wt
CMG, respectively.

 
Figure 4. DSC heating thermograms of neat PCL, PCL/3.5CMG, PCL/6.5CMG, and PCL/10CMG
samples in nitrogen atmosphere.

Next, two subsequent DSC scans were performed. Initially, samples were heated up
to 100 ◦C in order to completely melt (first scan); then, they were cooled down to 30 ◦C
(for approximately 30 min) and subsequently heated (second scan) again up to 100 ◦C.
The results are presented in Figures 5 and 6. In Figure 5, the melting point of both scans
is presented, while in Figure 6, the crystallinity of the samples is presented. The results
reveal that the untreated samples, as produced by electrospinning, present a higher melting
point and higher crystallinity. In all cases, similarly to the results presented in Figure 4,
the melting point is marginally reduced as the CMG content increases. Furthermore, as
presented in Figure 6, the crystallinity shows a maximum for CMG content around 6%wt.

The small reduction in the melting point with the CMG content is a usual behavior
in composite polymer materials and is attributed to the easier destruction of the semicrys-
talline polymer structure due to the addition of the inert compound, i.e., the additive
hinders the development of large crystallites and, in many cases, acts as a nucleating agent
that promotes heterogeneous nucleation, which also results in more, but smaller, polymer
chain crystallites that are destroyed at lower temperatures [43,44]. A similar response of
drug-loaded electrospun fibers was reported in previous studies [43,44].
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Figure 5. Melting point of neat PCL, PCL/3.5CMG, PCL/6.5CMG, and PCL/10CMG samples as
measured by DSC in two subsequent scans.

Figure 6. Crystallinity of neat PCL, PCL/3.5CMG, PCL/6.5CMG, and PCL/10CMG samples as
measured by DSC in two subsequent scans.

The addition of the inert compound has a double effect on the crystallinity of the
composites. Firstly, it induces heterogeneous nucleation, which tends to increase crys-
tallinity, but at the same time, it tends to reduce the overall crystallinity of the composite
material, since it is not crystalline itself and hinders the growth of large polymer crystallites.
The occurrence of such two competitive effects results in a maximum for crystallinity, as
presented for both scans in Figure 6, as well as Figure S1 and Table S1 of the Supplementary
Material file.

3.2. Biological Proberties of the Electrospun Mats
3.2.1. Determination of Cell Viability on HEK293 Cells

The effect of CMG-loaded fibers on the cell viability of human embryonic non-
cancerous HEK293 cells was evaluated by an MTT assay after incubation for 48 h. The
results are depicted in Figure 7. The sample containing the highest concentration of CMG
(PCL/10CMG) exhibited statistically significant cytotoxicity, resulting in a 20% reduction
in cell viability. A lower concentration of encapsulated CMG did not cause statistically
significant cytotoxicity in accordance with previous observations, revealing a cut-off of ap-
proximately 40 µg/mL–60 mg/mL of different polarity CMG fractions to induce cytotoxic
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effects [15]. Thus, cytotoxic effects of CMG fractions have been observed in a previous study,
in which concentrations as high as 60 µg/mL exhibited a statistically significant inhibition
of cell proliferation, varying from 20% for apolar and polar fractions to 50% for medium-
polar fraction [15]. Examination of apoptotic and anti-apoptotic protein levels by Western
blot analysis showcased a significant decrease in procaspase-3, procaspase-9, and bcl-2, indi-
cating the role of CMG in apoptosis induction by the mitochondrial intrinsic pathway. Both
the anti-inflammatory and regulatory role of CMG fractions on cellular energy metabolism
is exhibited [15]. The outcome of analogous experiments of HEK293 cell viability was
similar for fractions from CMG leaves [60], but not for mastic oil, which did not exhibit
statistically significant cytotoxicity at the highest concentration tested (85 mg/mL) [21].
These results indicate that focused research, depending on the desired application, should
be conducted (e.g., effect on dermal fibroblasts for cutaneous applications).

 
Figure 7. Effect of neat PCL, PCL/3.5CMG, PCL/6.5CMG, and PCL/10CMG samples on HEK293
cell viability. Data are depicted as average value ± standard deviation (n = 4–6; * p < 0.05 compared
to control).

3.2.2. Determination of Cell Viability on HepG2 Cancer Cells

CMG is well known for its potential gastrointestinal therapeutic effects [4]. Thus,
the in vitro antitumor activity of CMG-functionalized PCL fibrous mats was assessed on
human hepatocarcinoma HepG2 cells via the MTT assay. The results were similar to those
on HEK293 cells and are presented in Figure 8. The composite membranes with the highest
concentration of CMG (PCL/10CMG) resulted in a statistically significant reduction in cell
viability equal to 28%. The enhanced anti-proliferative activity of CMG-functionalized
PCL fibrous mats in carcinoma cells compared to that in the immortalized non-cancerous
HEK293 cells could possibly indicate potential beneficial cytotoxic activities of the CMG-
functionalized PCL fibrous mats against cancer cells. These observations correspond to
findings of a recent study [14], in which fractions of CMG entrapped in liposomes led to
significant limitations in HepG2 cell growth. Another study demonstrated the cytotoxic
effect of both total mastic extract with and without the polymer at concentrations of
100 µg/mL [61]. Furthermore, CMG anticancer properties have also been observed in
colorectal (HCT116) [24], prostate (PC-3 and LNCaP) [62,63], leukemia (HL-60) [64], breast
(MCF-7) [14], pancreatic (COLO 357 and BxPC-3) [65], and oral (YD-10B and SCC25) [66,67]
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cancer cells. Furthermore, the unique properties that PCL displays render it a powerful
tool that has been widely used in many biomedical applications, including anticancer drug
delivery systems [68–70].

 
Figure 8. Effect of neat PCL, PCL/3.5CMG, PCL/6.5CMG, and PCL/10CMG samples on HepG2 cell
viability. Data are depicted as average value ± standard deviation (n = 3–6; *** p < 0.001 compared
to control).

4. Conclusions
In this study, encapsulation of various concentrations of Chios Mastic Gum (0, 3.5, 6.5,

and 10 wt%) in PCL fibers by electrospinning was achieved for the first time. CMG is a
traditional herbal medicine with multiple biological activities, while electrospinning enables
the sustained release of encapsulated drugs and increased bioavailability. This combination
could lead to the production of innovative and promising composite membranes, which
could potentially be used in pharmaceutical, cosmetic, and biomedical applications.

The fabricated electrospun membranes exhibited high homogeneity and the absence
of beads. Furthermore, an increase in CMG loading resulted in a small increase in fiber
diameter, while encapsulation of CMG was remarkably efficient, reaching 87–88%. Evalua-
tion of their cytotoxicity on HEK293 and HepG2 cells via the MTT assay demonstrated a
statistically significant decrease in cell viability upon a 48 h incubation of the cells with the
samples with the highest CMG content (10 wt%). Furthermore, 10 wt% CMG-functionalized
PCL fibrous mats also exhibit slightly enhanced cytotoxic effects against carcinoma cells,
indicating potential future applications for cancer treatment. No significant cytotoxicity
was observed in samples with lower concentrations of CMG.

Further investigations of CMG-functionalized PCL fibrous membranes could showcase
further medicinal potential in terms of antimicrobial and anti-inflammatory properties,
which have been established in the existing literature for pure CMG, highlighting its
potential application in wound healing and dermal disorders such as acne and cancer. An
evaluation of the in vitro release of CMG is also a crucial step for a deeper understanding
of the activity of composite membranes.
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