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Abstract: In this study acetonic extracts of leaves of Pistacia lentiscus L. var. chia (mastiha tree) grown
in the south as well as in the north Chios Greek island were isolated and further fractionated to
give three different polarity fractions: apolar, medium-polar, and polar. The isolated fractions were
assessed as regards their main composition, cytotoxic, anti-inflammatory activities, and interference
with the glucocorticoid receptor (GR) signaling, applying cytotoxic assay, luciferase assays, and
Western blot analysis of apoptosis-, energy-, and inflammation-associated molecules. Differences in
cell viability have been detected among different polarity leaf fractions as well as among fractions
of different plant origin with polar fractions showing the highest cytotoxicity. Fractions-induced
anti-inflammatory activities and suppressive effects on the dexamethasone (DEX)-induced GR tran-
scriptional activation were unveiled. The partition protocol of leaves fractions applied uncovers the
enhanced glucocorticoid-associated biological activities of the medium-polar fractions, which may
be associated with their enrichment in the triterpenoids that showed structural similarity with the
glucocorticoids. A reduction in GR protein levels is observed by the fraction which is shown to be
associated with the medium polar-induced proteolytic degradation of the receptor. In addition, the
enhanced cytotoxic, anti-inflammatory, and potential anti-glycemic activities of the fractions from
the Southern P. lentiscus L. that exclusively produce the mastiha resin, is revealed, indicating that
leaves fractions from mastiha tree, similarly to mastiha tree resin, may have the potential to be further
analyzed for their potent applications in the pharmaceutical cosmetic and nutraceutical fields.

Keywords: Pistacia lentiscus L.; Chios; mastiha; glucocorticoid receptor; inflammation; apoptosis

1. Introduction

The Chios mastiha tree (Pistacia lentiscus L. var. chia) is an endemic plant cultivated
on the Greek island of Chios. The aromatic resin (mastiha) exclusively secreted from the
Chios mastiha tree, grown in the southern part of the island, has raised the interest of many
researchers for its ethnobotanical implication in traditional medicine due to its biological
properties such as anti-inflammatory, anti-bacterial, anti-oxidant, anti-cancer, cardiopro-
tective, and hepatoprotective activities [1,2]. Recently, the European Medicines Agency,
(EMA), has recognized Chios mastiha as a traditional remedy to treat mild dyspeptic
disorders (functional dyspepsia), minor inflammations of the skin, and as an aid in minor
wound healing [2].

The plant resin has always been the main object of studies with the scientific attention
focused on the elucidation of both the biochemical mechanisms of action and the responsible
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secondary metabolites. Nowadays P. lentiscus L. leaves remain a chemical space not fully
explored with the exception of essential oil of fresh and dried leaves that revealed many
volatile compounds, such β-myrcene, limonene, δ-germacrene, α-cadinol, γ-cadinene,
trans-caryophyllene, δ-cadinene from fresh vegetal material, and δ-cadinene, α-amorphene,
δ-germacrene, trans-caryophyllene, α-cubebene, nerolidol, α-cadinene, β-cubebene, α-
humulene, and naphthalene from the essential oil of dried leaves [3]. Moreover, the water
extract of fresh leaves of the Chios mastiha tree was further analyzed identifying many
polar compounds such as galloyl quinic acid, D-gallocathenin, myricetin-O-rhamnoside,
quercetin glycoside, and kaempferol glycoside [4]. In addition, the chemical composition
of an apolar leaf extract of P. lentiscus L. from Italy revealed the presence of triterpenes
derivatives, such as lupeol, lupenone, β-amyrin, lupanol, and vitamin tocopherol [5].

Regarding the in vitro assessment of the biological activities of leave extracts, antioxi-
dant activity was observed by extracts of fresh and dried leaves of the Chios mastiha tree,
obtained with different extraction methods. Particularly, the highest antioxidant activity
was detected in ultrasound-assisted water extracts of fresh and dried leaves [3,4]. Moreover,
the essential oil obtained from leaves showed anti-bacterial activity, as indicated by the
in vitro growth inhibition of Gram-positive bacteria Staphylococcus aureus, Streptococcus
epidermidis, and Gram-negative bacteria Klebsiella pneumoniae, Escherichia coli. Essential oil
from leaves also showed anti-fungal activity by in vitro inhibition of colonies formation of
Candida albicans [6].

Due to triterpenoid derivatives of Italian and Chia Pistacia lentiscus L. leaves [3,5],
which showed structural similarity with the natural glucocorticoid steroid hormone,
cortisol, a crucial regulator of energy metabolism and the most highly subscribed anti-
inflammatory drug, in which long-term and high doses used for pharmaceutical purposes
is accompanied with many adverse side effects [7–9], we focused on the evaluation of the
biological actions of different polarity leaves fractions as regards their interference with
glucocorticoid receptor (GR) and anti-inflammatory signaling.

Thus, the study takes into consideration from the first time the acetonic extract as
representative of all phytocomplex from leaves of P. lentiscus L. var. chia from trees grown
both in the south and north Chios island. The acetonic extract was further sub-fractionated
in different polarity fractions (apolar, medium-polar, and polar) applying the successful
protocol of the European project TriForC (A pipeline for the discovery, sustainable produc-
tion, and commercial utilization of known and novel high-value triterpenes with new or
superior biological activities) in order to simplify the biological investigation. Then, the
isolated fractions were analyzed for their biological actions in human embryonic kidney
cell line HEK293 as regards their effects on cell viability, apoptosis, and interference with
GR and Nuclear Factor-kappa Beta (NF-κB) signaling pathways. Dexamethasone (DEX),
the synthetic glucocorticoid, was used as a positive control in the biological assessment
assays. Comparative studies on leaves fractions from mastiha trees grown in the south and
north Chios island were also performed. Finally, active fractions in the regulation of GR
signaling were further analyzed through protonic nuclear magnetic resonance (1H NMR)
spectrometry for the identification and quantification of their triterpenoid components.

2. Results
2.1. Effect of Chios Mastiha Tree Leaves Fractions on HEK293 Cell Viability

Cell viability of medium-polar (mp) and polar (p) fractions from leaves of the Pistacia
lentiscus L. grown in the South (S) (Figure 1A,C) and North (N) (Figure 1B,D) Chios
island was evaluated by applying the MTT assay in HEK293 cells that were incubated
with the indicated fractions at a range concentration of 5 µg/mL to 100 µg/mL, for 6 h
(Figure 1A,B) and 48 h (Figure 1C,D). As shown in Figure 1A,B, upon 6 h incubation of the
cells no statistically significant reduction in cell viability was observed by the mp and p
fraction, respectively. Cytotoxic effects of the fractions were observed upon 48 h incubation
(Figure 1C,D). Thus, 25–40% and 40–60% reductions in cell viability were observed by
the Southern medium-polar (Smp) and Southern polar (Sp) fractions, respectively, at a
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concentration range of 20–100 µg/mL (Figure 1C), while both Northern medium-polar
(Nmp) and Northern polar (Np) fractions are less toxic, showing a 20–60% reduction in cell
viability at higher concentrations of 80–100 µg/mL (Figure 1D). Polar fractions caused an
increased reduction in cell viability compared to the medium-polar ones. Apolar fractions
(ap), showed no cytotoxicity at a concentration of 50 µg/mL, compared to vehicle-treated
(1/1000 EtOH) cells. Due to the cytotoxic effect of EtOH, at a dilution lower than 1/1000,
50 µg/mL was the highest concentration of ap fractions applied (Supplementary data
Figure S1).

Figure 1. Evaluation of the effect of the Southern (A,C) and Northern (B,D) medium-polar (mp) and
polar (p) leaves fractions on cell viability of HEK293 cells. Cell viability was assessed by MTT assay
at two time points, 6 h (A,B) and 48 h (C,D). Relative cell viability is expressed as cell viability of the
fractions at the indicated concentrations compared to control vehicle-treated cells. Cell viability of
control cells was set at 1. Data are expressed as the mean ± SD, (n = 5–9), ** p < 0.01; *** p < 0.001.

2.2. Chios Mastiha Tree Medium-Polar and Polar Leaves Fractions Suppressed the DEX-Induced
GR Transcriptional Activation

Effect of leaves fractions on GR transcriptional activation was studied applying lu-
ciferase reporter gene assay (Figure 2). HEK293 cells grown in hormone-depleted medium
were transfected as described in the experimental section and incubated with the indicated
fractions, at a concentration range of 5–100 µg/mL, in the presence or absence of 1 µM
DEX, for 6 h. Relative luciferase activities are presented in Figure 2. No GR transcriptional
activation was observed by the fractions. As was expected, DEX induced two to three
folds induction in GR transcriptional activation. Interestingly, a statistically significant
suppression (approximately 20–50%) of the DEX-induced GR transcriptional activation
was observed at a concentration range from 40 µg/mL to 100 µg/mL by the Smp fraction
(Figure 2A). Similarly, a statistically significant reduction in GR transcriptional activation
(up to 30–40%), compared to the DEX-treated cells, was also detected by the Sp fraction,
although at higher concentrations of 80 µg/mL and 100 µg/mL (Figure 2B). Thus, we
conclude that the Smp fraction is more active in inducing suppression of the DEX-induced
GR transcriptional activation than the polar one. South apolar fraction (Sap) showed no
statistically significant regulatory effect on the GR transcriptional activation at a concen-
tration of 50 µg/mL, whereas the North apolar (Nap) fraction showed approximately
50% inhibition of the DEX-induced GR transcriptional activation (Supplementary data
Figure S2A). In addition, comparative studies focusing on the assessment of the effect of
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leaves fractions of P. lentiscus L. grown in the South versus (vs) North Chios revealed that
the Smp fraction is 20–30% more active in inducing suppression of the DEX-induced GR
transcriptional activation than the North one (Figure 2C), while no statistically significant
differences were observed between the polar fractions (Figure 2D).

Figure 2. Suppression of the DEX-induced GR transcriptional activation by South (A,B) and South
versus North (C,D) Chios mastiha tree leaves fractions. Luciferase and β-galactosidase activity were
assessed in cell extracts from HEK293 in hormone-free medium, transiently co-transfected with a
Glucocorticoid Response Elements (GRE)-Luc reporter gene construct and a β-galactosidase reporter
construct and subsequently treated with 5–100 µg/mL of leaves fractions and/or 1 µM DEX, for 6 h.
Control cells were treated with DMSO (1:1000) and EtOH (1:1000). Relative luciferase activity was
expressed as luciferase activity normalized against β-galactosidase activity. Data are expressed as the
mean ± SD, (n = 6–9), * p < 0.05; ** p < 0.01; *** p < 0.001, compared to relative controls.

The inhibitory effect of leaves fractions on the DEX-induced GR transcriptional activa-
tion was further assessed applying Western blot analysis of GR and its targets phospho-
enolpyruvate carboxykinase (PEPCK) and glutamine synthetase (GS) [10,11], in extracts
from HEK293 cells treated with various concentrations of mp and p fractions, varying
from 20 to 100 µg/mL, in the presence or absence of 10 nM DEX or DMSO/EtOH ve-
hicle, for 48–72 h (Figure 3). Thus, Western blot analysis of GR showed that Smp frac-
tion (20–100 µg/mL) caused a 10–30% reduction in GR protein levels. Interestingly,
co-administration of Smp fraction (20–100 µg/mL) with DEX caused an approximately
40–60% reduction in GR protein levels, compared to vehicle-treated cells (Figure 3A). Sim-
ilarly, Sp fraction caused a dose-dependent reduction in GR protein levels, both in the
absence (10–30% reduction) and in the presence (40–60%) of DEX, at concentrations of
20–100 µg/mL (Figure 3B). Regarding the effect of Smp and Sp fractions on the PEPCK
protein level, our results showed that the Smp fraction caused a 40% and 70% reduction
in PEPCK protein levels, at concentrations of 50 µg/mL and 100 µg/mL, respectively, in
the presence or absence of DEX (Figure 3A). A reduction in the gluconeogenic PEPCK
protein levels was also observed by the Sp fraction (50 and 100 µg/mL), although to
a much lower extent of 20% and 30%, respectively, in the presence or absence of DEX
(Figure 3B). Glutamine synthetase protein levels were also reduced by the fractions. Specif-
ically, medium-polar leaves fraction of the South Chios mastiha tree (Smp) caused a 30–80%
reduction in GS protein levels, at concentrations of 20–100 µg/mL, while co-administration
with DEX did not cause any additive or suppressive effect (Figure 3A). Similarly, the Sp
fraction caused a 20–60% reduction in GS protein levels, at concentrations of 20–100 µg/mL
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(Figure 3B). Co-administration with DEX caused an approximately 20% increase in the
Sp-induced reduction in GS protein levels, at concentrations of 50 and 100 µg/mL.

Figure 3. Effect of medium-polar (A,C) and polar (B,D) leaves fractions from mastiha trees grown in
south (A,B) and south versus north (C,D) Chios on GR, PEPCK, and/or GS protein levels. Western
blot analysis of GR, PEPCK, and GS protein levels in cell extracts from HEK293 cells treated with
20, 30, 50, 60, and 100 µg/mL of leaves fractions and/or 10 nM DEX, for 48 (C,D) and 72 h (A,B) in
hormone depleted medium, was performed using commercially provided antibodies. Ratios express
normalization of bands intensity compared to the respective β-actin or glyceraldehyde -3-phosphate
dehydrogenase (GAPDH) ones.

Comparative studies of the effect of mp and p fractions from leaves of P. lentiscus L.
grown in the south and north Chios island revealed no differential effect of Southern vs.
Northern medium-polar (Figure 3C) and polar (Figure 3D) leaves fractions on GR protein
levels. Interestingly, the medium-polar southern leaves fraction caused an approximately
60% reduction in PEPCK protein levels at a concentration of 60 µg/mL (Figure 3C). This
effect was not observed by the respective northern one (no more than 10% reduction was
observed by the Nmp fraction). Similarly, at a concentration of 60 µg/mL, Sp caused a
higher reduction in the PEPCK protein level than the Np-induced one, (80% vs. 60%)
(Figure 3C,D). To sum up, both mp and p fractions from P. lentiscus L. are active in inducing
reductions in GR, PEPCK, and GS protein levels in a dose-dependent manner. A reduction
in the gluconeogenic PEPCK protein levels is more pronounced by the southern fractions
and especially by the medium-polar one, possible due to their potential enrichment in
triterpenoids [12]. Considering that the apolar fraction showed moderate activity on GR
transcriptional regulation and its chemical composition is expected to be less enriched in
triterpenoids, in conjunction with technical problems associated with its limited solubility
in solvents compatible with cellular biochemical analysis, apolar fractions were not further
analyzed as regards their implication in the regulation of GR signaling.

2.3. Proteasome Inhibitor MG-132 Inhibits Leaves Fractions-Induced GR Protein Levels Reduction

To investigate the biochemical mechanism of the leaves fractions-induced reduction in
GR protein levels, fractions’ effect on GR mRNA levels and the activation of GR proteolytic
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degradation were assessed. No statistically significant differences were observed on GR
mRNA levels in cells treated with 50 µg/mL leaves fractions and/or 0.1 µM DEX, for 4 h
(Supplementary data Figure S3).

Next, to assess whether a reduction in GR protein levels is attributed to possible
fractions-induced proteasomal activation, HEK293 cells were subjected to pretreatment
with 5 µM MG-132, a proteasome inhibitor [13,14], for 1 h, and then further incubated with
50 µg/mL leaves fractions or 10 nM DEX for 24 h. As shown in Figure 4, 4 h treatment with
mastiha tree leaves fractions caused a reduction in GR protein levels by up to approximately
60%, as compared to control MG-132-untreated cells. Interestingly, MG-132 pre-treatment
reversed the fractions-induced reduction in GR protein levels.

Figure 4. Activation of GR proteolytic degradation by leaves fractions. (A) Western blot analysis of
GR was performed using commercially provided antibodies to evaluate GR and β-actin protein levels
in HEK293 cell extracts pre-treated with 5 µM MG-132 for 1 h, and subsequently treated with vehicle
or 50 µg/mL leaves fractions or 10 nM DEX, for 24 h in hormone depleted medium. (B) Quantification
of the results. GR protein levels were normalized against the respective β-actin protein levels. Data
are expressed as the mean ± SD, (n = 3), *** p < 0.001, compared to control vehicle-treated cells.
### p < 0.001, # p < 0.05 compared to the respective MG-132-treated cells.

2.4. Effect of Leaves Fractions on Protein Levels of Energy Associated Molecules

A reduction in GR and its target, PEPCK, and GS, protein levels prompted us to
evaluate the fractions effect on AMP-activated protein kinase (AMPK) activation. AMPK is
a serine/threonine kinase which constitutes a cellular energy sensor, balancing the body’s
energy levels. Thus, when intracellular ATP decreases and AMP increases, AMPK is
activated by upstream kinases. Phosphorylated AMPK is activated and phosphorylates
many downstream substrates, to inhibit anabolism and activate catabolism for increased
energy supply and ATP production [15]. It has been shown that AMPK downstream
signaling pathway interacts with GR signaling pathway, resulting in GR phosphorylation
at serine 211 and the regulation of GR transactivation activity [16]. Furthermore, it has been
shown that AMPK regulates the GR expression levels, and more precisely, the activation of
AMPK reverses the DEX-induced reduction in GR protein levels [17]. Thus, considering
that alterations in AMPK protein levels and/or its phosphorylation state could also affect
GR expression and/or GR transcriptional activation, we proceeded to assess the effect of
leaves fractions on AMPK expression and phosphorylation levels, applying Western blot
analysis of both AMPK and p-AMPKα Thr172 (phosphorylated AMPK at threonine 172 of
subunit alpha) in HEK293 cell extracts, treated with 50 µg/mL leaves fractions, for 1 h.

As shown in Figure 5A, 1 h treatment with either the medium-polar or the polar
fractions caused a 40–90% decrease in protein levels of AMPK that is accompanied by
a reduction in AMPKα phosphorylated form. Interestingly, the Smp fraction caused a
30% higher reduction than the Nmp fraction, while no differences between Sp and Np
fractions were observed. Comparative studies on the assessment of the medium-polar to
polar fractions activity revealed that polar fractions from both the southern and northern
origin showed higher reduction in AMPK and phospho-AMPKα protein levels than the
respective medium-polar ones, by 10% and 40%, respectively (Figure 5A). Verification
of these results was also observed upon 48 h treatment of the cells (Figure 5B,C). Thus,
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as shown in Figure 5B,C, leaves fractions caused a dose-dependent reduction in AMPK
protein levels, upon 48 h incubation, with the Smp fraction being more active than the
Nmp (Figure 5B), whereas no differences between the different origin polar fractions were
observed (Figure 5C). In addition, co-treatment of leaves fractions with DEX did not cause
any further effect.

Figure 5. Evaluation of the effect of medium-polar and polar leaves fractions of south and north
Chios mastiha tree on AMPK, pAMPKα protein levels. Western blot analysis of β-actin, GAPDH,
AMPK, pAMPKα, protein levels in cell extracts from HEK293 cells treated with 30, 50, and 60 µg/mL
of leaves fractions and/or 10 nM DEX, for 1 h (A) and 48 h (B,C) in hormone-depleted medium, was
performed using commercially provided antibodies.

2.5. Anti-Inflammatory Actions of Chios Mastiha Tree Leaves Fractions via Suppression of the
TNFα-Induced NF-κB Transcriptional Activation

Potential anti-inflammatory activity of apolar (50 µg/mL), medium-polar and polar
leaves fractions (10–100 µg/mL) of the Chios mastiha tree was evaluated via assessment of
the inhibition of the Tumor Necrosis Factor alpha (TNFα)-induced transcriptional activation
of the inflammatory factor NF-κB, applying a luciferase assay, using NF-κB-RE-luciferase
and β-galactosidase constructs. Our results showed that south medium-polar fraction at a
concentration range of 40 µg/mL to 100 µg/m caused an approximately 30–50% statistically
significant inhibition of the TNFα-induced NF-κB transcriptional activation (Figure 6A).
Similarly, the south polar fraction caused up to a 45% dose-dependent statistically signif-
icant reduction in the TNFα-induced NF-κB transcriptional activation (Figure 6B). Com-
parative studies on the effects of the southern/northern mp and p fractions showed that
fractions from leaves of the south Chios mastiha tree exhibited higher inhibition of the
TNFα-induced NF-κB transcriptional activation compared to the respective ones by leaves
fractions from the north Chios Pistacia lentiscus L. (Figure 6C,D). No anti-inflammatory
effect was observed by 50 µg/mL Sap, whereas approximately 35% inhibition was observed
by the Nap fraction (Supplementary data Figure S2B).
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Figure 6. Suppression of the TNFα-induced NF-κB transcriptional activation by South (A,B) and
South versus North (C,D) mp and p fractions of Chios mastiha tree leaves, in HEK293 cells. Luciferase
and β-galactosidase activity was measured in cell extracts from HEK293 cells cultured in hormone-
depleted medium, transiently co-transfected with an NF-κB-Luc reporter gene construct and a
β-galactosidase reporter construct and subsequently treated with 5–100 µg/mL leaves fractions
and/or 20 ng/mL TNFα, for 6 h. Control cells were treated with DMSO (1:1000). Relative luciferase
activity was expressed as normalized luciferase activity against β-galactosidase activity. Data are
expressed as the mean ± SD, (n = 3–6), * p < 0.05; ** p < 0.01; *** p < 0.001.

To shed light on the anti-inflammatory mechanism of actions of leaves fractions from
the Chios mastiha tree, an assessment of the fractions effect on the protein levels of the
p65 subunit of NF-κB was performed, applying Western blot analysis (Figure 7). Thus,
HEK293 cells were subjected to treatment with leaves fractions at various concentrations
of 20 to 100 µg/mL, in the presence or absence of 10 nM DEX or DMSO/EtOH, for
48–72 h. Interestingly, no remarkable changes in the p65 protein levels expression were
observed, upon treatment of the cells with the medium-polar and polar leaves fractions,
indicating that the above-mentioned fractions-induced reduction in the TNFα-induced NF-
κB transcriptional activation is attributed to the fractions effect on the NF-κB transcriptional
regulation rather than to their suppressive effect on the NF-κB subunits protein expression.

Figure 7. Regulation of the p65 protein levels by medium-polar (A,C) and polar (B,D) leaves fractions
from south (A,B) and south versus north (C,D) Chios mastiha tree. Western blot analysis of p65 protein
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levels of NF-κB subunit in cell extracts from HEK293 cells treated with 20 to 100 µg/mL of leaves
fractions and/or 10 nM DEX, for 48 (C,D) and 72 h (A,B) in hormone-depleted medium. Ratios
express normalization of bands intensity compared to the respective β-actin or GAPDH ones.

2.6. Interference of Chios Mastiha Tree Medium-Polar and Polar Leaves Fractions with Apoptosis

Apoptotic activities of Chios mastiha tree leaves fractions were evaluated by applying
Western blot analysis of apoptosis-associated molecules, such as procaspase-9, procaspase-
3, and B-cell lymphoma-2 (Bcl-2). For that purpose, HEK293 cells were treated with 20 to
100 µg/mL leaves fractions, in the presence or absence of 10 nM DEX or DMSO/EtOH,
for 48–72 h. As shown in Figure 8, the medium-polar leaves fraction of the south Chios
mastiha tree caused a 30–80% reduction in procaspase-3 protein levels at a concentrations
range of 20–100 µg/mL (Figure 8A). Moreover, a reduction in procaspase-9 protein levels
by 30–60%, upon treatment with 50–100 µg/mL, in the absence or presence of DEX was
also observed (Figure 8A). A similar pattern of reduction was also observed in Bcl-2 protein
levels (Figure 8A). The polar leaves fraction from the south Chios mastiha tree caused
an approximately 10–40% and 50–60% reduction in procaspase-3 protein levels and Bcl-2
protein levels, respectively, at a concentration range of 50–100 µg/mL, in the absence or
presence of DEX (Figure 8B). Interestingly, the south polar fraction caused an approximately
40–60% reduction in procaspase-9 protein levels even at a low concentration of 20 µg/mL,
in the absence or presence of DEX (Figure 8B). Furthermore, comparative studies of the
effects of south and north medium-polar (Figure 8C) and polar (Figure 8D) leaves fractions
on procaspase-3 protein levels revealed no differential effects and thus we did not further
proceed to comparative studies on the apoptotic mechanisms.

Figure 8. Induction of apoptosis by medium-polar (A,C) and polar (B,D) leaves fractions of South
(A,B) and South versus North (C,D) Chios mastiha tree. Western blot analysis of β-actin, GAPDH,
procaspase-3, procaspase-9 and Bcl-2 protein levels in cell extracts from HEK293 cells treated with 20
to 100 µg/mL of leaves fractions and/or 10 nM DEX, for 48 (C,D) and 72 h (A,B) in hormone-depleted
medium was performed using commercially provided antibodies. β-actin or GAPDH protein levels
were assessed for the normalization of the results.

2.7. Fractions Chemical Characterization

The fractionation protocol applied to P. lentiscus leaves in this work aimed to simplify
the analysis, focusing on the chemical characterization of the GR-signaling most bioactive
fractions. In this context, we pursued the purification looking for triterpenoids in the
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medium-polar fractions. The apolar and polar fractions, instead, were analyzed by 1H
NMR for the qualitative characterization of the major compounds.

The apolar fractions of southern and northern P. lentiscus leaves are concentrated in
unsaturated fatty acid triglycerides (Table 1), as expected from a separation with Pe as the
mobile phase. These triglycerides are detectable by 1H-NMR from the typical presence
of protons on double bounds overlapping at δH = 5.38–5.36 ppm, the allylic protons at
δH = 2.80 and 2.35 ppm, the ester group at δH = 2.25 ppm as a triplet, the fatty chains
protons at δH = 1.30–1.27 ppm, and the typical glycerol moiety at δH = 4.30–4.15 ppm. In
these fractions, triterpenoids are marginally present (Table 1).

Table 1. Chemical characterization of fractions from northern and southern P. lentiscus leaves extract.
Apolar fractions have been analyzed by 1H-NMR, medium-polar fractions have been characterized
by chromatography purification and polar fractions have been divided into MeOH and THF fractions
through RP C-18 and subsequently analyzed by 1H NMR.

Apolar Fraction
Composition

Medium-Polar Fraction
Composition Polar Fraction Composition

P. lentiscus leaves extracts
from northern Chios island

Fatty acid triglycerides Lupeol 0.073% Phenolic compounds 36.58%
traces of triterpenoids β-sitosterol 0.02% traces of triterpenoids

P. lentiscus leaves extracts
from southern Chios island

Fatty acid triglycerides Lupeol 16.54% Phenolic compounds 25.97%
traces of triterpenoids α-amyrenone 15.28% traces of triterpenoids

Both polar fractions have been purified by vacuum filtration on RP C-18 silica gel with
methanol in order to avoid chlorophylls and concentrate the phenolic compounds (25.97%
in southern methanolic polar fraction, 36.58% in northern methanolic polar fraction) de-
tectable as a mixture by 1H-NMR due to the clear chemical shifts between δH = 7.6–6.4 ppm
as doublets belonging to p-substituted aromatic systems and singlets at δH = 3.90–3.87 ppm
revealing methoxy moieties (Supplementary data_Figure S7). The presence of triterpenoids
has been identified in the residual tetrahydrofuran (THF) fractions from RP C-18 filtrations
using 1H-NMR. Taken together, these observations could possibly justify why the polar
fractions exert moderate activity on the regulation of GR signaling, showing also the highest
cytotoxicity.

Medium-polar fractions from P. lentiscus leaves extracts have been purified by chro-
matography, identifying triterpenoids. Not surprisingly, fractions obtained from leaves
collected in the southern and northern parts of Chios island revealed differences in triter-
penoids composition and quantification. The southern medium-polar fraction is character-
ized by 15.28% of α-amyrenone (1, Supplementary data Figure S4, Figure 9) and 16.54%
of lupeol (2, Supplementary data Figure S5, Figure 9). Instead, the northern medium-
polar fraction composition still presents lupeol (2) but in a dramatically lower yield of
0.073%. This latter fraction is lacking in α-amyrenone (1), but there is the presence of 0.02%
β-sitosterol (3, Supplementary data Figure S6, Figure 9). These variations in the qualitative
and quantitative composition of the different origin fractions may be associated with the
observed differential biological activity of the fractions.

Figure 9. Chemical structure of α-amyrenone (1), lupeol (2), β-sitosterol (3).
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3. Discussion

Chios mastiha, the aromatic resin of the Chios mastiha tree (Pistacia lentiscus L. var.
chia), is endorsed with many biological actions which have made the resin a long-standing
medicinal remedy [18–28]. Nevertheless, limited studies have been conducted on the
investigation of the biological activities of extracts of leaves of the Chios mastiha tree
focusing the attention on essential oil and aqueous extracts [3,4,6].

In this study, we took into consideration, for the first time, acetonic leaves extracts from
Pistacia lentiscus L. grown in the south and north Chios Greek island and sub-fractionated
them into three fractions of different polarity: apolar fraction, ap; medium-polar fraction,
mp; and polar fraction, p, to investigate their biological activities with the aim to simplify
the further characterization of the active metabolites. These fractions have been investi-
gated with respect to their anti-proliferative and anti-inflammatory actions in the human
embryonic kidney cell line HEK293. Chemical characterization of the fractions revealed en-
richment of medium polar fractions in triterpenoids, as was expected. Thus, the presence of
1, 2, 3 triterpenoids in medium-polar leaves fractions, of both origin Pistacia lentiscus L. var
chia trees was revealed by 1H-NMR and purification. These results are in accordance with
previous observations showing the terpenoid content of different origin Pistacia lentiscus L.
leaves [3,5]. Due to triterpenoids’ structural similarity with glucocorticoids, we focused on
the investigation of the possible leaves fractions interference with GR signaling pathways.
GR is involved in the regulation of a plethora of cellular functions such as cell growth and
metabolism, glucose homeostasis, immune responses [29], and apoptosis [30]. Thus, the
possible interference of leaves fractions with GR signaling will uncover important biological
actions of the fractions. In addition, due to many adverse side effects of glucocorticoids,
when administered at high doses for a long time, for therapeutical purposes [9,31], interfer-
ence of leaves fractions with GR signaling may bring to light new potential steroids-like
natural components that will be administered alone or in combination with glucocorticoid
hormones for increased steroids efficacy and reduced side effects.

Thus, for the first time, the effect of different polarity leaves fractions from the Chios
mastiha tree on the synthetic glucocorticoid dexamethasone (DEX)-induced GR transcrip-
tional activation is revealed. Interestingly, both medium-polar and polar fractions of leaves
from the south Chios mastiha tree reduced the DEX-induced GR transcriptional activation
in a dose-dependent manner. More interestingly, the medium-polar fraction of leaves from
the southern Chios mastiha tree was revealed to be more active than the northern one,
while no differential actions of the two origin polar fractions were observed. Regarding
the southern apolar fraction, no effect on GR transcriptional regulation was observed,
possibly due to the lower composition of steroid-like molecules, such as triterpenoids,
compared to the more active medium-polar southern fraction, as revealed by 1H NMR
analysis. According to the chemical characterization analysis and in line with previous
studies on the chemical characterization of leaf extracts of various origin [12], the apolar
fraction is found to be enriched in unsaturated fatty acid triglycerides; medium-polar
fractions consist of triterpenoids in different concentrations, whereas polar fractions are
characterized mainly by polyphenols. Thus, the increased activity of medium-polar frac-
tions on GR signaling regulation is in accordance with the chemical composition of the
fraction [5,32,33]. The observed suppressive effects of the fractions on the DEX-induced
GR transcriptional activation uncover the importance of a deeper investigation to better
characterize the secondary metabolites responsible for this activity. Active metabolites
could constitute potential agents that when administered alone or in combination with DEX
could lead to the suppression of the side effects of the GCs anti-inflammatory signaling
pathway [34].

The effect of leaves fractions on the GR transcriptional activation was also studied re-
garding the regulation of GR target genes expression. In this context, PEPCK and glutamine
synthetase protein levels were studied, upon the administration of medium-polar and polar
fractions. In accordance with transcriptional activation studies, both medium-polar and
polar fractions caused a reduction in PEPCK and GS protein levels. This effect is more
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pronounced at concentrations higher than 50 µg/mL, in the absence or presence of DEX.
In comparative studies, medium-polar and polar southern leaves fractions were revealed
to be more active than the northern one, in the presence or absence of DEX. The reduced
PEPCK protein levels indicate potential anti-hyperglycemic actions of leaves fractions
of the Chios mastiha tree, contributing also to the possible elimination of the negative
side effects of GCs signaling, when co-administered with the fractions, for therapeutical
purposes [31]. We propose that the increased southern medium-polar anti-gluconeogenic
activity is associated with the triterpenoids’ composition of the fraction, especially lupeol (2)
and α-amyrenone (1), as revealed by 1H-NMR analysis and the chemical characterization
of the fraction. Our results are in line with previous observations demonstrating the anti-
diabetic action of lupeol [35,36] and a-amyrenone [37]. Our results are also in agreement
with the results of a recent study, revealing that Algerian P. lentiscus L. leaves extract
exhibited hypoglycemic actions by reducing blood glucose levels in diabetic rats in vivo
and pancreatic a-amylase activity in vitro [38]. Interestingly, we showed that GR protein
levels were also affected by the leaves fractions. Particularly, co-administration of both
medium-polar and polar fractions from leaves of the south Chios mastiha tree with DEX
caused up to a 60% reduction in GR protein levels, while up to a 30% reduction was also ob-
served in the absence of DEX. In comparative studies, no differential effects on GR protein
levels were observed by the medium-polar and polar fractions of the two origins. Since
PEPCK is a target gene of GR [10], a reduction in GR protein levels by leaves fractions could
contribute to the observed reduction in PEPCK protein levels. Interestingly, we showed
that reduction in GR protein levels could be attributed to fractions-induced activation of
GR proteolytic degradation, as indicated by the reversal of this effect by the proteasome
inhibitor, MG-132.

Moreover, in this study, we showed for the first time that leaves fractions of the
Chios mastiha tree caused a reduction in AMPK protein levels, which is accompanied
by a reduction in phospho-AMPKα protein levels. Polar fractions were revealed to be
more active than the medium-polar ones, whereas the southern medium-polar fractions
are more active than the northern ones. AMPK is involved in anabolism inhibition and
catabolism activation, when AMP levels are increased, and thus an increase in energy
supply is needed [15]. Interestingly, previous studies have shown that GCs treatment
induced a reduction in phosphorylated AMPKα protein levels, followed by a reduction in
GR protein levels, in cultured rat prefrontal cortical astrocytes [17]. Furthermore, previous
studies showed that AMPK-induced activation of its downstream substrate, p38 MAPK, led
to GR phosphorylation at Ser211, resulting in the regulation of GR transcriptional activation
and its target genes expression, in a tissue-specific manner [16]. Thus, the fractions-induced
reduction in GR transcriptional activity, GR, and its target genes PEPCK and GS protein
levels, could be attributed to the mastiha tree leaves fractions-induced reduction in AMPK
and its phosphorylated form.

Glucocorticoids are well-known anti-inflammatory drugs due to their transrepres-
sional activity on NF-κB actions. Evaluation of the possible anti-inflammatory activity of
leaves fractions in HEK293 cells showed that the medium-polar and polar, but not the
apolar, fractions from the south Chios mastiha tree reduced the TNFα-induced NF-κB
transcriptional activation. In comparative studies, medium-polar and polar fractions from
the southern Chios mastiha tree were revealed to be approximately 1.5–2.0-fold more
active than the Northern ones. This effect is attributed to the fractions effect on NF-κB
transcriptional regulation since no effect on the regulation of the p65 subunit of NF-κB
protein expression was observed. Lupeol is known for its anti-inflammatory activity [39,40].
Thus, the higher concentration of lupeol in the southern medium-polar fraction compared
to the northern one, assessed by chromatography analysis, may contribute, at least in part,
to the observed Smp increased anti-inflammatory activity. The anti-inflammatory activity
of Pistacia lentiscus L. leaves fractions of other origins has also been reported. Thus, Pistacia
lentiscus L. leaves extracts from Palestine are shown to cause a reduction in TNFα and IL-6
protein levels in lipopolysaccharide-stimulated polymorphonuclear cells [41]. Moreover,
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P. lentiscus L. leaves essential oil from Sardinia exhibited anti-inflammatory actions by in-
hibiting cyclooxygenases (COX-1 and COX-2) and lipoxygenase (LOX) activity, in vitro [34].
As mentioned in the introductory section, galloyl quinic acid is a major flavonoid com-
pound that has been detected in P. lentiscus L. var. chia leaves [4]. Interestingly, quinic acid
derivatives exhibited anti-inflammatory actions, via NF-κB inhibition to the same extent as
dexamethasone [42]. Thus, anti-inflammatory activity of leaves fractions of Pistacia lentiscus
L. var. chia may be attributed, at least in part, to quinic acid derivatives found to be present
in P. lentiscus L. var. chia leaves extract [4] and/or to the enriched steroid-like triterpenoid
composition in the medium-polar southern fraction unveiled by 1H-NMR analysis and
characterization.

Apoptotic activities of P. lentiscus L. leaves extract of different origin have been pre-
viously reported in the literature. Thus, Italian P. lentiscus L. leaves extract was shown to
inhibit human neuroblastoma SH-SY5Y and SK-N-BE(2)C cell proliferation and induced
apoptotic caspase-3 activation, in vitro [5]. Anti-proliferative activities of Sardinian P. lentis-
cus L. leaves fraction, inhibiting human neuroblastoma SH-SY5Y and SK-N-BE(2)C cell
proliferation and induced apoptotic caspase-3 activation, were also reported [5]. In this
study, we also showed for the first time that leaves fractions of the Chios mastiha tree ex-
hibit anti-proliferative and apoptotic actions, which are probably mitochondrial-mediated,
as indicated by the leaves’ fractions-induced reduction in procaspase-9 and -3 protein levels.
Medium-polar and polar leaves fractions from the south Chios mastiha tree caused an
increased reduction in cell viability compared to the northern ones, while the polar frac-
tions were revealed to be more cytotoxic than the medium-polar ones. The polar fraction
from the south Chios mastiha tree seems to be more active in the mitochondrial-associated
induction of apoptosis Kaempferol glycoside, a flavonoid compound, which has also been
characterized as a component of the P. lentiscus L. var. chia leaves [4], which is proposed
to be involved in the induction of apoptosis in human hepatocarcinoma HepG2 cells by
increasing cleaved caspase-3, caspase-7, and caspase-9 protein levels [43]. In this study, a
similar pattern of reduction was also observed in the case of Bcl-2 protein levels. Thus,
apoptotic activities of the fractions could have potential applications in cancer treatment.
Dose dependency of apoptotic actions of the fractions should also be taken into considera-
tion in potential future applications of the fractions, focusing on their anti-inflammatory
and anti-glycemic actions.

In conclusion, medium-polar and polar leaves fractions from the south and north
Chios mastiha tree exhibited dose-dependent anti-proliferative, anti-inflammatory, anti-
gluconeogenic, and mitochondrial-mediated apoptotic activities. The fractions-induced
reduction in the DEX-induced GR transcriptional activation, which is accompanied by a
reduction in GR and its target protein levels, PEPCK and glutamine synthetase, indicates
that secondary metabolites from leaves, such as triterpenoids, exert possible antagonistic
effects on the DEX-mediated gluconeogenic actions. A reduction in GR protein levels
may be exerted via the activation of GR proteolytic degradation, through a fractions-
induced reduction in AMPK protein levels. More interestingly, fractions from leaves of
the mastiha tree grown in the south Chios Island were revealed to be more active than the
northern ones, indicating that leaves fractions from the mastiha tree, similarly to mastiha
tree resin, may have the potential to be further analyzed for their potential applications in
the pharmaceutical cosmetic and food fields.

4. Materials and Methods
4.1. Chemicals

Dulbecco’s Modified Eagle’s Medium (DMEM) and fetal bovine serum (FBS) were
obtained from Invitrogen. Molecular weight protein markers were purchased from Thermo
Scientific. TNFα was purchased from Immuno Tools (Friesoythe, Germany). Cocktail
protease inhibitors were purchased from Roche (Mannheim, Germany). Reporter lysis
buffer and luciferin were purchased from Promega Corporation (Madison, WI, USA). All
other solvents and chemicals including dexamethasone (DEX) and MG-132 were purchased
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from Sigma-Aldrich (St. Louis, MO, USA). Silica gel 60 (70–230 mesh), Celite® 545 particle
size 0.02–0.1 mm, CAS 68855-54-9, pH 10 (100 g/l, H2O, 20 ◦C), neutral alumina Alugram®,
and RP C-18 silica gel used for chromatography were purchased from Macherey-Nagel
(Düren, Germany). 1H (400 MHz) spectra were measured on Bruker 400 NMR spectrom-
eters. Chemical shifts were referenced to the residual solvent signal (CDCl3: δH = 7.26).
Purifications were monitored by TLC on Merck 60 F254 (0.25 mm) plates, visualized by
staining with 5% H2SO4 in EtOH and heating. Chios mastiha tree leaves were kindly
provided by Chios Mastic Growers Association and Mastiha Shop.

4.2. Plant Material Fractionation

Leaves from Pistacia lentiscus L. grown in the south and north Chios island were
selected during the mastiha tree pruning period, at the end of October, according to
suggestions by the mastiha tree growers association. Fractionation was performed in three
batches of leaves. Batches of 35 g of leaves from Pistacia lentiscus L. grown in the south
Chios island and 78 g of leaves from Pistacia lentiscus L. grown the north Chios, were
concurrently selected (October 2018), and an extra one of 20.12 g, was selected from a
mastiha tree grown in the south Chios island (October 2017). A sample of each batch
was stored in phytochemical laboratories with the codes, UPO153-2018 and UPO154-2018
and UPO131-2017, respectively. Leaves were powdered and extracted with acetone (ratio
acetone/plant material 10:1 vol/weight) under stirring for 12 h. The suspensions were
filtered to remove the vegetal material and the acetonic fractions were evaporated to obtain
a dried extract of 0.96 g (2.7% yield, southern Pistacia lentiscus L. leaves), 1.93 g (2.5% yield,
northern Pistacia lentiscus L. leaves); and of 701 mg (3.48% yield, southern Pistacia lentiscus
L. leaves), respectively, as black gums.

Dried extracts were dissolved into a minimal amount of acetone and then silica gel
was added (1:3 weight/weight g) and these latter suspensions were completely evaporated.
The powder obtained in this way was stratified on a layer of Celite (1:3 weight/weight g)
moistened with petroleum ether (40–60) and protected on its surface by a filter paper in a
sintered funnel with a side arm for vacuum connection.

Next, solvents of increasing polarity were subsequently added: petroleum ether (Pe),
ethyl acetate (EtOAc), and tetrahydrofuran (THF), added in 1:30 weight/volume mL, and
were sequentially passed through the filter. The three vacuum filtrates (Pe, EtOAc, THF)
from each batch were collected separately and evaporated to obtain 0.186 g of apolar
fraction (0.52% yield from Pe), 0.503 g of medium-polar fraction (1.4% yield from EtOAc),
and 0.178 g of polar fraction (yield 0.5% yield from THF) from acetonic leaves extract
from southern Pistacia lentiscus L. (UPO153-2018) and 0.606 g of apolar fraction (0.77%
yield from Pe), 1.09 g of medium-polar fraction (1.39% yield from EtOAc), 0.215 g of polar
fraction (yield 0.27% yield from THF) from acetonic leaves extract from northern Pistacia
lentiscus L. UPO154-2018 and 0.202 g of apolar fraction (1.03% yield from Pe), 0.158 g of
medium-polar fraction (0.80% yield from EtOAc), 0.129 g of polar fraction (yield 0.66%
yield from THF) from acetonic leaves extract from northern Pistacia lentiscus L. additional
batch UPO131-2017.

Medium-polar and polar fractions were diluted in DMSO at a concentration of
100 mg/mL. Whereas the apolar fraction, showing limited solubility in DMSO, was diluted
in EtOH at a concentration of 50 mg/mL.

4.3. Chemical Characterization of Active Fractions

Apolar fractions of acetonic leaves extract from southern and northern P. lentiscus
were characterized by 1H-NMR due to the minor activity proved in the regulation of GR
signaling assays, revealing the presence of unsaturated fatty acid triglycerides and traces
of triterpenoids.

Next, 0.36 g of the medium-polar fraction from acetonic leaves extract from southern
P. lentiscus was fractionated by chromatography on silica gel (18 g, Pe-EtOAc gradient from
80:20 to 50:50) to afford a mixture of triterpenoids further purified by chromatography
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on neutral alumina (8 mL, Pe-EtOAc gradient from 100 to 90:10) obtaining 55 mg of
β-amyrenone and 59.56 mg of lupeol after solvent evaporation. The compounds were
identified according to the literature [44,45].

One gram of the medium-polar fraction from acetonic leaves extract from northern
P. lentiscus was fractionated by chromatography on silica gel (50 g, Pe-EtOAc gradient from
80:20 to 50:50) to afford a mixture of triterpenoids further purified by chromatography
on neutral alumina (12 mL, Pe-EtOAc gradient from 100 to 90:10) obtaining 20 mg of
β-sitosterol and 73.8 mg of lupeol after solvent evaporation. The compounds were identified
according to the literature [44,46].

The polar fractions of acetonic leaves extract from southern (77 mg) and north-
ern (123 mg) P. lentiscus were purified by vacuum filtration on RP C-18 silica gel (1:5
weight/weight g) with methanol and THF (1:5 weight/volume mL) affording two fractions
that were further analyzed by 1H-NMR after solvent evaporation. Both southern and north-
ern methanolic fractions (20 mg from southern polar fraction and 45 mg from northern
polar fraction) revealed the presence of phenolic compounds, the THF fractions (15 mg
from the southern polar fraction and 49 from the northern polar fraction) instead revealed
residual traces of lupeol.

4.4. Antibodies

Monoclonal antibodies against human GR and GAPDH or polyclonal antibodies
against the p65 subunit of NF-κB and PEPCK were commercially provided by Santa
Cruz Biotechnology. Rabbit polyclonal antibodies against procaspase-3, Bcl-2, AMPK,
and phosphorylated AMPK at threonine 172 of the subunit alpha (pAMPKα) were also
commercially provided by Cell Signaling Technology, Leiden, The Netherlands. Monoclonal
antibodies against β-actin (Sigma-Aldrich, St. Louis, MO, USA), glutamine synthetase (GS)
(Chemicon, Temecula, CA, USA), and procaspase-9 (Cell Signaling Technology, Danvers,
MA, USA) were also used.

4.5. Cell Culture

The human embryonic kidney HEK293 cells, characterized by high efficiency in
transfections experiments, were obtained from the American Type Culture Collection
(ATTC) and were maintained in DMEM, supplemented with 10% FBS, 2 mM L-glutamine,
and 100 units/mL penicillin/streptomycin at 37 ◦C and 5% CO2 humidity. Then, 48–72 h
before treatment, cells were cultured in phenol red-free DMEM medium supplemented
with 10% charcoal-dextran-stripped FBS (charcoal-stripped FBS, CSF), 2 mM glutamine,
and 100 units/mL penicillin/streptomycin.

4.6. Cell Viability Assay

MTT assay was applied as previously described [47]. Briefly, HEK293 cells were plated
in a 96-well plate, at a density of 1.5 × 104 cells/well, for 24 h in DMEM medium (4.5 g/L
glucose), supplemented with 10% FBS, 2 mM L-glutamine, and 100 units/mL pen/strep.
The next day, cells were treated with leaves fractions, at a wide range of concentrations
(5–100 µg/mL), diluted in DMSO, and incubated for 6 and 48 h. Then, the MTT reagent
was added at a final concentration of 0.5 mg/mL for 3–4 h. Finally, formazan crystals
were diluted with 100% isopropanol, and absorbance was measured at 570 nm using a
multimode plate reader (EnSpire, PerkinElmer, Beaconsfield, UK). Background absorbance
was also measured at 690 nm, as a reference.

4.7. GR and NF-κB Transactivation Measurement

NF-κB and GR transcriptional activity was measured by applying the luciferase re-
porter gene assay as previously described [7]. Briefly, HEK293 cells grown on 24-well plates
were co-transfected, using calcium phosphate, with an NF-κB-RE (NF-κB response elements
for the assessment of NF-κB activity) or an MMTV-GRE (glucocorticoid response elements
for the assessment of GR activity) promoter-driven luciferase construct (NF-κB-RE-luc and
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GRE-luc, respectively) and a β-galactosidase reporter construct, for the normalization of
the results. Upon 14–16 h of transfection, cells were washed in fresh medium and the next
day were triggered either by 20 ng/mL TNFα (tumor necrosis factor α) for the assessment
of NF-κB activity or by 1 µM DEX for the assessment of GR activity, in the presence or
absence of the indicated amounts of leaves’ fractions of the Chios mastiha tree, for 6 h.
Then, cells were lysed in reporter lysis buffer and the enzymatic activities of the expressed
luciferase and β-galactosidase were measured. The light emission was measured using a
chemiluminometer (LB 9508, Berthold Technologies GmbH & Co.KG, Baden Wurttemberg,
Germany). Relative luciferase activity was expressed as normalized luciferase activity
against β-galactosidase activity (RLU).

4.8. Electrophoresis and Western Blotting

Cells were grown in 6-well plates for 48 h in hormone-depleted medium and incubated
for an additional 1 or 48–72 h with 20–100 µg/mL of Chios mastiha tree polar and medium-
polar leaves fractions and/or 10 nM DEX, as indicated. Cells were washed in PBS 1X, lysed
in buffer A (20 mM Tris pH:7.5, 250 mM NaCl, 0.5% Triton, 3 mM EDTA) supplemented
with cocktail protease inhibitors, DTT and PMSF. After Bradford protein determination,
cell extracts were electrophoresed in discontinuous SDS-PAGE and Western blotting with
specific antibodies as previously described [48]. Enhanced chemiluminescence was used for
the detection of the protein bands. β-actin and GAPDH expression levels were evaluated
for the normalization of the GR, PEPCK, GS, procaspase-3, procaspase-9, Bcl-2, AMPK,
and phospho-AMPKα (Thr172) expression levels. In the case of MG-132 treatment, an
inhibitor of the proteasome, HEK293 cells were pre-treated with 5µM MG-132, or DMSO,
for 1 h [13,14]. Then, the cell culture medium was replaced and HEK293 cells were further
treated with 50 µg/mL leaves fractions or 10 nM DEX or DMSO, for 24 h. Cells were
collected, lysed, and subjected to electrophoresis and Western blot analysis.

4.9. Statistical Analysis

All results are expressed as the mean ± SD. Data were analyzed by independent
t-test or by one-way analysis of variance (ANOVA) (Figures 1 and 4) or two-way ANOVA
(Figures 2 and 6) followed by Tukey’s post hoc test using SPSS or Stat Plus software,
respectively. Differences were considered significant at a two-tailed p-value < 0.05.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/plants11070934/s1, Figure S1: Evaluation of the effect
of apolar (ap) fractions on cell viability of HEK293 cells; Figure S2: Assessment of the apolar frac-
tions effect on (a) the DEX-induced GR transcriptional activation and (b) the TNFα-induced NF-κB
transcriptional activation by the Southern and Northern fraction, at a concentration of 50 µg/mL;
Figure S3: Real-time PCR was applied to evaluate mRNA levels of GR, in HEK293 cells; Figure S4:
1H NMR of α-amyrenone in CDCl3; Figure S5: 1H NMR of lupeol in CDCl3; Figure S6: 1H NMR
of β-sitosterol in CDCl3; Figure S7: 1H NMR of polar fraction in acetoned6 from P. lentiscus leaves
extract purified by RP C-18; Table S1: Primers used for real-time PCR measurement. Reference [49] is
cited in the supplementary materials.
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