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Abstract: The secondary metabolites of lichens have proven to be promising sources of anticancer
drugs; one of the most important of these is usnic acid, which is a phenolic compound with
dibenzofuran structure that is responsible for the numerous biological actions of lichens of genus
Usnea. As a result, in this study, we related to this phenolic secondary metabolite. The aim of the
present study is the evaluation of the cytotoxic activity of Usnea barbata (L.) F. H. Wigg dry acetone
extract (UBE). In advance, the usnic acid content was determined in various extracts of Usnea barbata
(L.) E. H. Wigg: the liquid extracts were found in water, ethanol, acetone, and the dry acetone extract;
the highest usnic acid quantity was found in the dry acetone extract. First, the cytotoxic action of UBE
was assessed using Brine Shrimp Lethality (BSL) test; a significant lethal effect was obtained after 24 h
of treatment at high used concentrations of UBE, and it was quantified by the high mortality rate of
the Artemia salina (L.) larvae. Secondly, in vitro cytotoxicity of UBE was evaluated on human tongue
squamous cells carcinoma, using CAL 27 (ATCC® CRL-2095™) cell line. The most intense cytotoxic
effect of UBE on CAL 27 cells was registered after 24 h; this response is directly proportional with the
tested UBE concentrations. The obtained results have been reported regarding usnic acid content of
UBE, and the data show that CAL 27 cells death was induced by apoptosis and high oxidative stress.

Keywords: Usnea barbata (L.) E. H. Wigg; dry extract; usnic acid; cytotoxic activity; Brine shrimp; CAL
27 cells

1. Introduction

The fight against cancer involves considerable scientific and financial efforts to discover new
solutions for the early detection of the carcinogenic process and for the development of new specific
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therapeutic tools for the total destruction of cancer cells with limited effects on normal cells [1]. It is
known that carcinogenesis is a complex process, involving cellular and molecular alterations, mediated
by endogenous and/or exogenous factors: oxidative DNA damage, chromosomal abnormalities, and
oncogene activation are responsible for the development of cancer and may be induced by prolonged
oxidative stress [2]. Thus, in cancer pathology, the reactive oxygen species (ROS) have dual role,
confirmed by many studies: first, ROS are cytotoxic, having an important contribution in the etiology
and progression of cancer [3]. At the same time, many antitumor agents can destroy the cancer cells
through intense oxidative stress, generating ROS production in high quantities [4]. Increasing ROS
levels through redox modulation could in the future be an effective strategy for the selective destruction
of cancer cells (not normal cells) [5]; this method is called “oxidative therapy” [6], and it was developed
by inducing cytotoxic oxidation as a stress factor in cancer cells in the treatment of cancer [7].

One of the most invasive malignancies is the oral squamous cell carcinoma (OSCC), which is the
most common cancer of oral cavity; it can affect any part of the oral cavity including lips, tongue, gums,
buccal epithelium, and salivary glands [8]. Despite that, the oral cavity is easily accessible for the direct
visual examination, and the mortality from oral cancer remains still high because in the early stages,
the patients have no symptoms; being a highly invasive cancer type with a great lymphophilic character,
at the first medical consultation, the patients frequently have metastatic cervical adenopathies [9]. If
the tumor is discovered in the early stages and treated properly, the survival time is favorable; however,
in advanced stages, the survival does not exceed two years, because the oral malignancies are extremely
aggressive. The global mortality rate due to the oral cancer is estimated at about 3%-10% [10].

It is noteworthy that a significant number of new chemotherapeutics used in cancer therapy were
obtained from natural sources [11].

There are still many potential plants sources of antitumor compounds, which need to be
investigated, including the lichens [12]; they have a special dual structure, as a result of the symbiosis
between a fungus and an algae/cyanobacteria [13]. The specific conditions in which they live determines
the synthesis of numerous secondary metabolites, including most of these compounds with phenolic
structure [14], which provide the lichens with optimal protection against disruptive, physical, and
biological factors [15]. These lichen secondary metabolites, structurally close, exhibit many biological
actions: antibacterial, antiviral, antioxidant, anti-inflammatory, cytotoxic, and antitumor [16].

Usnea barbata (L.) F. H. Wigg. is a fruticose lichen belonging to the Parmeliaceae family [17] who
lives in the coniferous forests of Europe and North America, and for thousands of years, it has been
used in the traditional medicine to treat various conditions [18].

The phenolic compounds [19] identified in this species were mainly depsides, depsidones,
lipids, diphenylether derivatives, and dibenzofurans [20]. The most important secondary metabolite,
common to all species of the genus Usnes, is usnic acid—C1gH1407-[2,6-diacetyl-7,9-dihydroxy-8,9b-
dimethyldibenzofuran-1,3(2H,9bH)-dione], which is a phenolic compound with dibenzofuran
structure [21] (Figure 1). Both the (+) and (—) enantiomers, as well as their racemic mixture of
usnic acid, display numerous biological activities including cytotoxic activities against cancer cells [22],
which are responsible for most of the biological actions of the lichens of this genus [23].

CH; ©
0 CHj
- - OH
CHO
HO O 0

Figure 1. Chemical structure of usnic acid.
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For this study, Usnea barbata (L.) F. H. Wigg was harvested from Calimani Mountains (Romania),
at the beginning of March, from an altitude of about 900 m. In our previous studies, different
extracts of Usnea barbata (L.) F. H. Wigg. were obtained and by High-Performance Liquid
Chromatography (HPLC) [24] and Ultra-High Performance Liquid Chromatography methods
(UHPLC) [25], we determined the content of the usnic acid in each extract.

Cytotoxic activity of Usnea barbata (L.) EH. Wigg. dry extract was investigated on Artemia salina
L. (Brine shrimp) larvae. After this preliminary test, the antitumor potential of UBE was evaluated
in vitro on human tongue squamous cells carcinoma—CAL 27 (ATCC® CRL-2095™) cell line—by
assessment of cell viability and apoptotic process.

2. Results

2.1. Determination of Usnic Acid Content in Different Extracts of Usnea barbata (L.) F. H. Wigg

Usnic acid content in various extracts of Usnea barbata (L.) F. H. Wigg. determined by HPLC and
UHPLC is shown in Table 1.

Table 1. Usnic acid content (g %) in various extracts of Usnea barbata (L.) F. H. Wigg.

Usnea barbata (L.) Extract Usnic Acid Content (g %) Method
Aqueous extract 0.04 HPLC
Ethanol macerate 0.26 HPLC
Acetone macerate 2.12 HPLC

Dry acetone extract in DMSO 16.53 UHPLC

Dry acetone extract in acetone 31.59 UHPLC

The highest content of usnic acid was found in the UBE dissolved in acetone, followed by UBE
solubilized in dimethyl sulfoxide (DMSO), which was about two times lower than UBE dissolved in
acetone, and the acetone macerate had eight-fold lower content of usnic acid than UBE dissolved in
DMSO. The aqueous extract had the smallest content of usnic acid (0.04%) (Table 1).

2.2. Evaluation of UBE Cytotoxic Activity by BSL Assay

Assessment of UBE cytotoxicity by BSL assay shows correlated response with exposure time and
concentration of dry extract. Thus, the passage from one larval stage to another was achieved, and
consequently, the growth was not affected. Following these observations, it can be considered that
mortality of Artemia salina L. larvae is due to the blockage of cellular activity after accumulation of
UBE at this level.

Intensity of UBE cytotoxic effect on Artemia salina L. is correlated with the death rate of larvae in
the treated samples. The results were assessed with Probit analysis, which is a method of analyzing
the relationship between a stimulus and the binomial response; the Probit test shows significant lethal
effects at values higher than 100 pg/mL, where LCsg = 164.92 ng/mL (Figure 2).

2.3. Effects of UBE Treatment on Morphological Characteristics of CAL 27 (ATCC® CRL-2095™) Cell Line

The morphology of the CAL 27 cells has changed depending on the cell culture age, duration
of the treatment, and UBE concentration used (Figure 3a—0). Thus, at initiated culture (TO0), the cells
have a globular appearance showing Brownian movements in the culture medium (Figure 3a). After
24 h and 48 h of cultivation, the untreated cells (Control) have normal morphological specifications
in time, exhibit uniform adhesion, and grow in a monolayer shape (Figure 3b,i). The 24 h treatment
with UBE (12.5, 25, 50, 100, 200, and 400 pg/mL) induced different degrees of morphological changes,
amplified with the increasing concentrations of UBE, including: loss of cell adhesion, membrane
shrinkage, formation of abnormal cellular wrinkle, cell fragmentation and reduction of cellular density
as result of the increase in the number of dead cells and, consequently, reduction of cell viability
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(Figure 3c-h). These manifestations produced by the UBE exposure on CAL 27 cells become more
intense after extension of the treatment up to 48 h (Figure 3j-o).
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Figure 2. Concentration—effect correlation through Probit analysis for Usnea barbata (L.) F. H.
Wigg. dry extract using Brine Shrimp Lethality assay (regression statistics and predicted points:
LCsp = 164.92 pug/mL; LDs5( Standard Error = 13.70 pg/mL; LDsy LCL = 129.40 ng/mL; LD5g UCL =
200.43 pug/mL; LCgy = 330.13 ug/mL; LCygg = 412.74 pug/mL).

2.4. In Vitro Cytotoxicity of UBE on CAL 27 (ATCC® CRL-2095™) Cell Line

The 24 h and 48 h treatment of CAL 27 cells was performed with 6 doses of UBE in DMSO 0.2%:
12.5, 25, 50, 100, 200, and 400 pg/mL. In vitro highlighting and confirming UBE cytotoxic effect on
CAL 27 cells, using all these UBE concentrations were achieved by 3-[4,5-dimethylthiazol-2-y1]-2,5
diphenyltetrazolium bromide (MTT) assay.

2.4.1. MTT Assay

The results of MTT assay are depicted in Figures 4 and 5. After exposure to UBE, there are three
thresholds of cell response as follows: the first is between 12.5 and 50 pg/mL doses, the second is
between 100 and 200 pg/mL, and the third is at 400 pg/mL. In the first case, including DMSO 0.2%, the
cell viability was over 90%, corresponding to a negligible cytotoxic effect. Beginning with 100 pg/mL
UBE, there was a slight decreased cell viability, registering 62.5%, which corresponds to the induction
of a cytotoxic effect of 37.5%.

The reactivity of CAL 27 cells at doses of 200 and 400 ug/mL UBE was higher, reaching an
inhibition of proliferation of 45.9% and 66.6%, respectively. In order to observe the persistence in
time of the antiproliferative effect, CAL 27 cells were exposed to the UBE for 48 h. Generally, there
was a similar trend in sense and amplitude after 24 h treatment, and the significant inhibition of cell
proliferation was registered at 200 and 400 pg/mL UBE (Figure 4).

Comparing the two exposure times, it was found that after 48 h, the cell viability slightly increased;
this process may be due to the cellular self-repair mechanisms activation or, more probably, to the
anarchic division of CAL 27 cells.

These obtained results are supported by morphological changes of CAL 27 cells exposed for 24
and 48 h to the same concentrations of UBE, previously evaluated and presented in Figure 3.
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Figure 3. Cell morphology after UBE treatment on CAL 27 cells, after 24 h (c-h) and 48 h (j—0): a—Initial
cultivation (T0); b,i—Control; ¢,j—12.25 pg/mL; d, k—25 pg/mL; e1—50 pug/mL; f,m—100 pg/mL;

g,n—200 ug/mL; h,0—400 pg/mL)
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Figure 4. The viability of the CAL 27 cells after UBE (ug/mL) treatment for 24 h (left) and 48 h (right).
The results represent the mean + SE of three independent experiments (* p < 0.05, ** p < 0.01 and

*** p < 0.001) when comparing the effects of UBE with the untreated control (t-test).
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Figure 5. ICs5) values after 24 h (a) and 48 h of (b) UBE treatment on CAL 27 cells.

The cytotoxic activity of UBE was also quantified through the prism of IC 50 value, which means
the concentration of the extract that inhibited the growth of cells to the level of 50% of control. The
IC50 values were estimated using polynomial graphic plots of the dose-response curve for each
concentration. The most intense cytotoxic effect was manifested after 24 h of treatment, where
IC50 = 232.17 pg/mL (Figure 5a); after 48 h, the value of this parameter was 310.67 pug/mL (Figure 5b).

In the both contact time intervals, the non-cytotoxic effect of the solvent on CAL 27 cells was noted
(Figure 4), the cell viability being 92.3% after 24 h and 92.5% after 48 h, respectively; this observation is
based on the conclusion that the calculated cytotoxicity is exclusively due to UBE.

2.4.2. Apoptosis Assay

The apoptosis process was evaluated after 6 and 24 h of treatment of CAL 27 cell cultures, with the
two concentrations of UBE at which antitumor effects were recorded. The obtained data are represented
in Figure 6. The 6 h treatment with 100 pg/mL UBE induced insignificant effects on cell viability, and
correlated parameters (pre-apoptotic, apoptotic, and dead cells), were close to those of the control; at
the same time, UBE 200 pg/mL reduced cell viability with a corresponding increase in the frequency of
the pre-apoptotic, apoptotic, and dead cells. The 24 h treatment with both UBE concentrations caused
a significant decrease of the cell viability and an important augmentation of the frequency of dead and
apoptotic cells, accompanied by a minor amplitude reduction of pre-apoptotic cells. All these obtained
results confirmed the expression of the cytotoxic effect through apoptosis mechanism (Figure 7A-F).

[l %Viable [ %Preapoptotic cells
100 [0 %Dead cells [ %apoptotic
- z
L
n - T
k= hi
Q *xk
>
o
X 50

-
-
s
H i1l 7
0 [ml= |l| 5| Al Cle=m o
P S S A S ¢
& o° N «© N o>
& N > & N )

Figure 6. The frequency of distribution of viable, dead, pre-apoptotic and apoptotic cells in UBE-treated
CAL 27 cell cultures, at concentrations of 100 and 200 pg/mL. These results represent the mean + SE of
three independent experiments (** p < 0.01 and *** p < 0.001) when comparing the effects of UBE with
the untreated control (t-test).
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Figure 7. The flow cytometric cytograms corresponding to apoptosis assay: (A) control 6 h;
(B) 100 pug/mL 6 h; (C) 200 pug/mL 6 h; (D) control 24 h; (E) 100 ug/mL 24 h; (F) 200 ug/mL 24 h.
These data represent the frequency distribution of the viable (Q1—left down), death (Q2—left up),
apoptotic (Q3—right up), and pre-apoptotic (Q4—right down) cells corresponding to each quadrant (Q).

2.4.3. Assessment of Antioxidant Enzyme Activity

The effect of different UBE concentrations for 24 h on superoxide dismutase (SOD) activity in CAL
27 cells, expressed in units of SOD/g protein, is illustrated in Figure 8. There is a slight stimulation of
the activity of SOD by the UBE, the values recorded at 100 and 400 pg/mL being very close and about

1.25 times higher than the control.

S

Unit. SOD/g protein
N

Control

100 pg/mL

400 pug/mL

Figure 8. Evaluation of SOD activity (U SOD/g protein) under action of different UBE concentrations
on CAL 27 cells. The results represent the mean + SE of three independent experiments (* p < 0.05)

when comparing the effects of UBE with the untreated control (t-test).

The increase of catalase (CAT) activity may indicate a toxic accumulation of hydrogen peroxide
(Hy0O3); SOD-CAT tandem has a great role in the antioxidant defense system. The impact of 24 h
treatment with various concentrations of UBE on CAT activity, as expressed in units of CAT/g protein
in CAL 27 cells led to the register of the results shown in Figure 9.
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Figure 9. Assessment of CAT activity (U CAT/g protein) under action of different UBE concentrations
on CAL 27 cells. The results represent the mean + SE of the three independent experiments when
comparing the effects of UBE with the untreated control (t-test).

We noticed a stimulation of CAT activity, with high differences between the two UBE tested
concentrations; at 100 ug/mL, this is about 1.5 times higher, while at 400 pg/mL, it is almost four times
higher, compared to the control.

The interference of the 24-h treatment with UBE, in different concentrations, with the activity of
peroxidase (POD) expressed in units of POD/g protein, in the CAL 27 cells, was materialized by a high
enzymatic activation, almost double at the dose of 100 pug/mL and over 3 times higher at the dose of
400 pg/mL, compared to the control, as shown in Figure 10.

0.020 -
0.015 -
0.010 -

0.005 -

Unit. POD/g protein

0.000 - T
Control 100 pg/mL 400 pg/mL

Figure 10. Determination of POD activity (U POD/g protein) under action of different UBE
concentrations on CAL 27 cells. The results represent the mean + SE of three independent experiments
(*** p < 0.001) when comparing the effects of UBE with the untreated control (t-test).

All the obtained experimental data are presented comparatively in Table 2.

Table 2. Comparative antioxidant enzymes activity corresponding to UBE treatment

Contact Solution U SOD/g Protein U CAT/g Protein U POD/g Protein
Control 3.111 £ 0.511 0.944 + 0.274 0.0053 + 0.0002
UBE 100 pg/mL 4.429 + 0.550 1.499 + 0.287 0.0154 + 0.0005
UBE 400 pg/mL 4.599 + 0.627 3.735 +0.418 0.0170 + 0.0014

After analysis of obtained results shown in comparative presentation in Table 2, it is observed that
UBE at cytotoxic concentrations—100 pug/mL and 400 pg/mL—weakly stimulates the activity of SOD;
the values corresponding to the action of the used UBE concentrations are very close. On CAT activity,
the stimulation is significant, the values differ greatly—both between the two concentrations of UBE and
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compared with the control. The stimulation of POD activity is significant at UBE 100 pg/mL compared
to the control, when a 4-fold increase in UBE concentration has in this case a smaller influence.

3. Discussions

For a lot of known secondary lichen metabolites, without a doubt, usnic acid is one of the most
extensively studied [26]. From this perspective, the level of this dibenzofuran derivative content in
lichens is very important for the medical application. Cansaran et al. [27] concluded that the maximum
content of the usnic acid is found in the lichens with habitat in mountain areas, between 700 and 1500 m
altitude, during winter and spring. In our study, Usnea barbata (L.) F. H. Wigg. was harvested from
Calimani Mountains (Suceava, Romania) at the altitude of 900 m in March. In the acetone macerate,
we found 2.12% usnic acid [24]; this value is very close to the one obtained by Cansaran et al. [27] in
their study, which was respectively 2.16% in the same extract [27].

We noticed the dependence of the content in usnic acid from different acetone extracts of Usnea
barbata (L.) EH. Wigg on the extraction method [28]. The much larger percentage of usnic acid (31.59%)
was measured in the dry extract dissolved in acetone, compared to the acetone macerate, in which only
2.12% of the usnic acid [24] was quantified; the results may be due to the much higher solubility of the
usnic acid in acetone following the reflux.

In vitro biological experiments used the UBE dissolved in DMSO at non-toxic concentrations for
living cells [29]. The treatment doses took into account the value of the usnic acid content from the dry
acetonic extract dissolved in DMSO. We mentioned that when UBE was solved in DMSO, the results
showed 16.53 + 1.08% usnic acid content [25] and the presence of the other phenolic compounds
(that may contribute to the cytotoxic activities of UBE) in small quantities compared to the usnic acid.
This fact may suggest the idea that the usnic acid is the principal compound involved in the cytotoxic
activity in the presented study—this is why we relate exclusively to this dibenzofuran derivative.

It is known that usnic acid is soluble in the both solvents, acetone and DMSO [30]; in acetone, the
solubility of usnic acid is two times higher than in DMSO: 0.77 g/100 mL in acetone [31] and in DMSO
itis 0.4 g/100 mL, warmed [32]. These data explain the approximately double content of usnic acid in
UBE dissolved in acetone compared to that solubilized in DMSO.

The cytotoxicity assessment on Artemia salina L. larvae or BSL test is considered a useful tool for
assessing the preliminary toxicity of the plant extracts [33]. This test is an efficient, inexpensive, and
relatively fast way of detecting toxic compounds, requiring only small amounts of sample: <20 mg [34].
This species is used in the studies for testing the cytotoxic activity of various plant extracts as well as
to evaluate the toxic activity of mycotoxins [35]. In addition, BSL assay allows fast and meaningful
information also in the case of teratogenic phenomena or mutagen potential [36].

The cytotoxic activity of UBE was quantified by BSL test, and this effect was directly proportional
with dose and with time of action. The death rate, correlated with the moderate toxicity of UBE, was
also recorded to lower concentrations, between 30 and 70 ug/mL. Significant UBE cytotoxicity was
reported at concentrations of UBE higher than 100 pg/mL. This study suggests that UBE-induced
mortality in Artemia salina L. larvae may be correlated with amplification of cytological changes
(loss of cell connection, inhibition of organogenesis, and generation of cytoplasmic inclusions).

The data from the accessed literature show that values comparable to those of the present study
were obtained in the other similar studies realized with other lichen species. Thus, Paudel et al. [34],
in the preliminary cytotoxicity study on Artemia salina L., showed that for 24 lichen species in Nepal,
LCsg was between 100 and 400 pg/mL. In another study, more recently, Ravaglia et al. [37] evaluated
the toxic potential on Artemia salina L. larvae for six species of lichens harvested from Brazil and
Antarctica; LCsp values between 151.0 and >600 pug/mL demonstrate that the tested extracts have
a reduced toxicity on the Artemia salina L. larvae compared to that quantified in the present study
(when LCsp UBE = 164.92 pg/mL).



Molecules 2020, 25, 1865 10 of 17

In our study, UBE solubilized in DMSO has 16.53% usnic acid; we reported this percentage to the
IC50 UBE value at 24 h (respectively 232.17 pg/mL), and we calculated that 38.38 ug/mL usnic acid is
corresponding to this value.

There are many studies performed exclusively on the tumor cell lines, and in all the articles,
it is emphasized that the lichen extracts have a cytotoxic action on the various tumor cells.
Rankovi¢ et al. [23] tested the anticancer activity of two lichen species, Usnea barbata and Toninia
candida, against FemX (human melanoma) and L5174 (human colon carcinoma) cell lines using the
MTT assay. At the same time, the antitumor activity of the both its metabolites, usnic acid and norstictic
acid, was evaluated, and the usnic acid was found to have the strongest anticancer action toward both
cell lines with IC50 values of 12.72 and 15.66 pg/mL, which were much smaller compared to those
from the present study [23]. On the apoptosis assay, to capture the peak of activity on the CAL 27
cell cultures, we used shorter exposure times (6 and 24 h, respectively) because the apoptosis of the
isolated cell lines occurs within several hours [38].

The results of the present study showed that the treatment with UBE resulted in a significant
reduction in the cell viability and a considerable increase in the frequency of the dead and apoptotic cells,
thereby confirming the expression of the cytotoxic effect through apoptosis mechanism, depending on
the concentration and the exposure time [38].

A study conducted by Rabelo et al. [39] tested the usnic acid redox properties against different ROS
generated in vitro; they evaluated its action on the SH-SY5Y (neuroblastoma) neuronal-like cells upon
hydrogen peroxide (H,O;) exposure, and they observed that the usnic acid induced cell detachment
and a loss of viability of SH-SY5Y cells at higher concentrations, alone, or in the presence of HyO5.
These results were related to the increase of intracellular ROS, inducing an oxidative stress scenario,
which was potentiated in the presence of H,O,. The pro-oxidant properties in biological systems might
be responsible for the potential neurotoxic effects of the usnic acid against neuroblastoma [39].

It is known that in the tumor cells exists a higher intrinsic oxidative stress than in the normal cells,
due to their metabolic alterations; it was reported that the cancer cells have an important level of ROS,
compared to the normal cells. This elevation of ROS may appear as result of an abnormal mitochondrial
oxidative metabolism and can be responsible for the initiation and progression of different types of
cancer [40]. However, the elevation of ROS to a great level may be lethal for tumor cells themselves [7].
In fact, several studies outlined the implication of elevated levels of H,O; in the induction of apoptosis,
and their low concentration enhanced [40]. Therefore, the killing of cancer cells through the ROS or the
oxidative stress causing-agents represent one of the theories proposed in the cancer therapy.

Superoxide dismutase is the first defense barrier against ROS, which catalyzes the dismutation
of superoxide anion radicals (O;7) to H,O,. Hydrogen peroxide generated by the activity of SOD
is eliminated by its conversion into H,O in subsequent reactions by CAT and POD [41]. Similar
studies have been found in the accessed literature, which prove the different actions of some known
antioxidant polyphenols on the tumor cells, as compared to the normal ones.

Thus, Khan and colleagues (2013) evaluated the effects of resveratrol (RSV)—the natural polyphenol
known for its antioxidant action—on the activities and expression levels of antioxidant enzymes
in cancer cells [5]. In this study, the tumor cells PC-3 (prostate cancer), HepG2 (liver cancer),
MCE-7 (breast cancer) and the normal kidney cells HEK293T were treated with a wide range of RSV
concentrations (10-100 pM) for 24-72 h. The main cell parameters were determined by methods similar
to those of our present study (the staining of the cells was done with trypan blue, the activities of
antioxidant enzymes were spectrophotometric determined, and the percentage of apoptotic cells was
determined by flow cytometry).

Applying a low concentration of RSV (25 uM) significantly increased the SOD activity in PC-3,
HepG2, and MCEF-7 cells, but not in the normal HEK293T cells. Catalase activity was increased
in HepG2 cells, but glutathione peroxidase (GPX) activity was not altered during RSV treatment.
Resveratrol-induced SOD2 expression was observed in cancer cells, although the expression of SOD1,
CAT and GPX1 was not affected.
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Apoptosis increased after the treatment with RSV was applied to cancer cells, in particular to
PC-3 and HepG2 [5]. Thus, the results of the study showed that RSV exclusively inhibits the growth of
cancer cells, which are similar results to those of the present study, in which usnic acid has been shown
to inhibit the tumor cell development.

Similarly, in our study, the stimulation of activity of the antioxidant enzymes at 400 pg/mL in
context with the maximum cytotoxic effect of UBE at the same concentration on CAL 27 cell line could
be explained by the production of a large amount of ROS in the tumor cells, which was induced by
the dry extract [40]. The increased levels of the antioxidant enzymes activities can be explained as a
defense strategy against the oxidative stress induced by UBE.

Thus, the highest concentration of UBE induces a maximum level of stimulation of the CAT and
POD activity. Finally, the antioxidant defense is outweighed by the oxidative stress induced by UBE
and the CAL 27 cells death occurs.

4. Materials and Methods

4.1. Lichen Samples

The lichen samples were harvested from Calimani Mountains, Romania, in March. The
determination of the investigated species was realized using standard methods. The lichen was
cleaned, dried in an airy room below 25 °C and stored in the same conditions [24].

4.2. Preparation of Lichen Extracts

Three samples of the dry lichen were each extracted with different solvents (water, acetone, and
96% ethanol). The three resulting extractive solutions were filtered and then made up to 100 mL
volumetric flask with the each solvent used in the extraction [24]. The dry extract of Usnea barbata
(L.) FE. H. Wigg. was prepared by continuous reflux in acetone on Soxhlet, at 70 °C, followed by
evaporation of the solvent [25]; it was stored in the freezer, at a temperature below 20 °C, until its
use. The determination of the usnic acid content was performed by the high-performance liquid
chromatography methods: HPLC for ethanol, aqueous, and acetone liquid extracts [24], and UHPLC
(PerkinElmer, Inc., Waltham, MA 02451, USA) for acetone dry extract, redissolved in acetone and in
DMSO [25].

4.3. Determination of Usnic Acid Content in Different Extracts of Usnea barbata (L.) F. H. Wigg.

4.3.1. HPLC Analysis of Usnic Acid in Various Liquid Extracts of Usnea barbata (L.) F. H. Wigg

For the identification and quantification of usnic acid in the ethanol, aqueous and acetone extracts
of Usnea barbata (L.) F. H. Wigg, it was used an Agilent Technologies HPLC instrument Zorbax XDB
with C18 column (150 mm/4.6 mm, 5 um) [24]. The mobile phase was methanol: water: acetic acid
(80:15:5, v/v/v), and the detection was made at 282 nm. The standard was usnic acid (Sigma-Aldrich,
St. Louis, MO 63103, USA) dissolved in acetone 50 pug/mL and it was injected 6 times (every 20 uL)
in the chromatographic system; the flow rate was 1.5 mL/min, the temperature was 25 °C and the
analysis time was 6 min. Identification and quantitative determination of active compounds in assayed
solutions were performed by comparing the chromatogram of standard with that of solution to be
analyzed. Usnic acid presented a retention time of 4.463 + 0.008053 min, with a correlation coefficient
2 = 0.9998 [24].

4.3.2. UHPLC Analysis of Usnic Acid in UBE

Identification and determination of usnic acid content in UBE dissolved in acetone and in DMSO
was performed by UHPLC method [25]. The dry extract was analyzed with a Perkin-Elmer UHPLC
instrument Flexar FX 20 with C18 column (150 mm/4.6 mm, 5 pm), a Binary LC Pump, PDA plus detector
(PerkinElmer, Inc., Waltham, MA 02451, USA), thermostat compartment for the column, degassing
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system and auto-sampler. The mobile phase was an isocratic system/methanol/water/glacial acetic acid
(80:15:5), and the detection was made at 282 nm. The samples were as follows: UBE solubilized in
acetone and in DMSO 0.2%, diluted 1 to 10, 1 to 20, and 1 to 50. The reference substance was usnic acid
(Sigma-Aldrich, St. Louis, MO 63103, USA) in acetone and in DMSO 0.2% at concentrations of 10, 20,
50, 100, 200 pg/mL, and it was injected in the chromatographic system at injection volume of 20 uL.
The flow rate was 1.5 mL/min, the temperature value was 25 °C and the analysis time was 6 min; the
calibration curves were drawn for acetone (y = 5.19752 x 10*x — 1.30654 x 10°; r* = 0.999808) and
DMSO (y = 4.84629 x 10*x — 4.01679 x 10%; 12 = 0.999877) [25].

4.4. Evaluation of UBE Cytotoxic Activity by BSL Assay

Brine shrimp larvae were obtained by introducing the cysts of Artemia salina L. in saline solution
of 35%eo, for 24 h, under conditions of continuous illumination and aeration. After hatching Brine
shrimp larvae in the larval stage I (instar I), they were separated and introduced into experimental
vessels (pots with volume of 1 mL), in 2-3%o saline solutions.

For these tests, a stock solution of UBE was prepared by solubilization of dry extract in DMSO
0.1%. Six different UBE concentrations (C1-C6 pg/mL) in DMSO 0.1% were tested: C1 = 266 pg/mL,
C2 =200 pg/mL, C3 =100 pug/mL, C4 =70 ug/mL, C5 = 45 pug/mL, and C6 = 30 pg/mL. Artemia salina L.
larvae were not fed during the test period in order not to interfere with the tested extracts. The test is
valid for 24-48 h, during which the larvae have embryonic energy reserves. The organisms exposed to
different concentrations of UBE were evaluated periodically, following the movements of the antennae
as well as the passage of the larvae in stages II and III. Mortality rate was recorded after 24 and 48 h of
exposure, being the quantified parameter of the response to the various concentrations of UBE from the
experimental recipients. For control, 3% saline solution and 0.1% DMSQ in saline solution were used
to evaluate the effect of solvents on Artemia salina L. larvae. For each different tested concentration of
UBE in DMSO 0.1% were performed 4 repetitions. The results were analyzed using the Probit analysis
method (StatPlus:mac, AnalystSoft Inc.—statistical analysis program for macOS®. Version v7. See
https://www.analystsoft.com/en/, Walnut, Ca).

4.5. Effects of UBE Treatment on Morphological Characteristics of CAL 27 (ATCC® CRL-2095™) Cell Line

Morphological changes of CAL 27 cells after treatment with different concentrations
(12.5-400 pg/mL) of UBE were observed on a NIKON Eclipse TS100 inverted microscope. Images were
acquired through the 10x objective and taken using an MS60-2 6.3MP sCMOS Camera.

4.6. In Vitro Cytotoxicity of UBE on CAL 27 (ATCC® CRL-2095™) Cell Line

Cell line, cell culture. The CAL 27 cells were cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% fetal bovine serum, penicillin (100 IU/mL) and streptomycin
(100 pg/mL) in a humidified atmosphere of 5% CO, at 37 °C, in a Binder incubator, until confluence.
After 24 h, the cells were dissociated with trypsin-ethylenediamine tetraacetic acid (trypsin-EDTA),
counted using a Cellometer Mini Automated Cell Counter (Nexcelom Bioscience), and the cell viability
was assessed by the trypan blue dye exclusion method. Then, the cells were cultured in 96-well plates
(TPP Techno Plastic Products AG, Trasadingen, Switzerland) with a density of 8 x 103 cells/well, being
incubated under the same temperature and humidity conditions in the binder incubator.

After 24 h, which is necessary for monolayer formation, the cells of the different experimental
variants were treated, for 24 and 48 h respectively with UBE, which was dissolved in DMSO 0.2% for
obtaining six final concentrations. The negative control was performed using growth medium alone,
and the impact of the solvent was tested.
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4.6.1. MTT Assay

The MTT colorimetric method, modified after Mosmann, 1983 [42] and Laville et al., 2004 [43]
involves as a biochemical mechanism, the NAD(P)H-dependent cellular oxidoreductase enzyme that
converts the yellow tetrazolium [3-(4, 5-dimethylthiazolyl-2)- 2,5-diphenyltetrazolium bromide] (MTT)
into insoluble (E,Z)-5-(4,5-dimethylthiazol-2-yl)- 1,3-diphenyl formazan (formazan) [44]. The formed
formazan can be dissolved with DMSO to give a purple color with characteristic absorption. The
intensity of the purple color is directly proportional to the living cell number, thus indicating the cell
viability [45]. This quantitative, sensitive, and very precise method evaluates the effect of the tested
solutions on the cell viability; it is suited for adherent cell cultures, allowing the processing of a large
number of samples, the recorded absorption converting into cell numbers based on standard curves
constructed with known cell dilutions [46]. The absorbance was evaluated using the Biochrom EZ
Read 400 microplate automatic reader at 570 nm. The cell viability percentage was calculated according
to the equation:

Cell viability (%) = (Abs.) Test/(Abs.) Control x 100,

where Abs is the absorbance.

4.6.2. Apoptosis Assay

For CAL 27 cells apoptosis evaluation, cells grown in 12-well plates and a density of
8 x 10* cells/well were used. After the cell monolayer formation, the treatment with UBE was applied,
in doses of 100 and 200 pg/mL, respectively, for 6 and 24 h. Subsequently, the cells were processed
according to Annexin V-Fluorescein isothiocyanate/Propidium lodide assay (Annexin V-FITC/PI
assay) [47] that consist in a strong affinity of Annexin V for phosphatidylserine residues (normally
hidden within the plasma membrane) on the surface of the cell [48]. Throughout the apoptosis process,
the phosphatidylserine is translocated from the internal to the external cell surface. Propidium iodide
was used to differentiate the dead cells from the living ones, and by association with Annexin V, it
discriminated between the pre-apoptotic and apoptotic cells [49]. Summarily, the cells were detached
by trypsinization, washed with cold phosphate-buffered saline (PBS), re-suspended in binding buffer,
marked with Annexin V-FITC and propidium iodide (eBioscience kit) and, afterwards, the fluorescence
was collected using specific filters for FITC and PI with a flowcytometer (Beckman Coulter Cell Lab
QuantaSC). The data were analyzed with the FCSAlyzer v0.918-alpha [50].

4.6.3. Assessment of Antioxidant Enzyme Activity

In order to reveal the substrate of cytotoxic effect of UBE on CAL 27 cell line, the activity of the
main antioxidant enzymes, superoxide dismutase, catalase, and peroxidase was evaluated [51].

For antioxidant enzyme activity evaluation, CAL 27 cells were grown in Dulbecco’s Modified
Eagle’s Medium supplemented with 10% fetal bovine serum, penicillin (100 IU/mL), and streptomycin
(100 pg/mL) in a humidified atmosphere of 5% CO, at 37 °C, in a binder incubator. After the monolayer
formation, the cells were submitted to the oxidative stress by treatment for 15 min with 100 uM HO»;
after that, were twice washed with cold PBS solution and we applied the treatment with UBE in doses
of 100 and 400 ng/mL, respectively, for 24 h. Subsequently, the cells were trypsinized and processed to
obtain the enzymatic lysates used in the quantification of the antioxidant enzymes activity [52].

Determination of Superoxide Dismutase Activity

Superoxide dismutase activity was measured in accordance with Winterbourne’s assay with
small modifications, and it is based on the ability of the enzyme to inhibit the reduction of nitro
blue tetrazolium (NBT) by superoxide radicals generated through the reoxidation of photochemically
reduced riboflavin. The degree of inhibition produced by the enzyme under standard conditions was
estimated by determining the sample and control extinctions at 562 nm relative to distilled water [53].
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Determination of Catalase Activity

Catalase activity was determined by Sinha’s assay, with minor adaptations [54]; CAT is allowed
to act on oxygenated water for a fixed period of time, after which the enzyme is inactivated by the
addition of a mixture of potassium dichromate—acetic acid. After stopping the action of catalase, the
amount of unchanged oxygenated water reduces, in the acidic medium, the potassium dichromate to
chromic acetate, which is determined at 570 nm. The difference between the initial and final amount of
oxygenated water in the reaction medium represents the amount of oxygenated water decomposed
by catalase.

Determination of Peroxidase Activity

Peroxidase activity was evaluated by spectrophotometric method based on measuring the color
intensity of the product of ortho-dianisidine oxidation using oxygenated water, under the action of
POD, at the wavelength of 562 nm [54].

The activity of each enzyme was expressed as enzyme units per g protein.

4.7. Statistical Analysis

All the in vitro experiments were performed based on three repetitions and statistically analyzed
using the Student’s t test. The obtained values are expressed as mean + SE of the three parallel
measurements [55].

5. Conclusions

It was proven that the tested dry extract of Usnea barbata (L.) F. H. Wigg had an important
cytotoxic effect on Artemia salina (L.) larvae, which was confirmed also by its strong in vitro cytotoxicity
on human tongue squamous cells carcinoma—CAL 27 (ATCC® CRL-2095™) cell line—through an
apoptotic mechanism.

The results of this study could recommend this species of lichens from Romania as a source
of natural phenolic compounds useful in anticancer therapy, alone or in association with other
standard chemotherapeutics.

Author Contributions: Conceptualization, V.P., L.A.B., V.S, D.G,, and G.V.; methodology, V.S., D.G., C.T.M., and
G.V,; software, C.T.M.; formal analysis, L.A.B. and A.C,; investigation, V.P., L.A.B., V.S, D.G., C.TM,, and G.V,;
resources, F.C.B.; data curation, V.P. and F.C.B.; writing—original draft preparation, V.P,, V.S, D.G., and G.V,;
writing—review and editing, V.P,, V.S, G.V,, and V.B,; visualization, L.A.B. and V.B.; supervision, V.B. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding; it was a research project for a PhD-thesis, actually finalised.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

Usnea barbata (L.) F. H. Wigg. dry extract (UBE), Brine shrimp lethality (BSL) test, Dimethyl sulfoxide (DMSO),
Tetrazolium [3-(4, 5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide] (MTT), High Performance Liquid
Chromatography (HPLC), Ultra-High Performance Liquid Chromatography (UHPLC), Superoxide dismutase
(SOD), Catalase (CAT), Peroxidase (POD), Reactive oxygen species (ROS), Concentration (C), Medium lethal
concentration (LC 50), Medium inhibitory concentration (IC 50), Dulbecco’s Modified Eagle’s Medium (DMEM),
Fluorescein isothiocyanate (FITC), Resveratrol (RSV), Glutathione peroxidase (GPX), Ethylenediamine tetraacetic
acid (EDTA), Phosphate-buffered saline (PBS), Propidium iodide (PI), Superoxide anion radicals (O, ), Hydrogen
peroxide (H,O;), Nitro blue tetrazolium (NBT), Oral squamous cell carcinoma (OSCC).

References

1. Fouad, Y.A.; Aanei, C. Revisiting the hallmarks of cancer. Am. J. Cancer Res. 2017, 7, 1016-1036. [PubMed]
Klaunig, J.E.; Wang, Z. Oxidative stress in carcinogenesis. Curr. Opin. Toxicol. 2018, 7, 116-121. [CrossRef]

3. Panieri, E.; Santoro, M.M. Ros homeostasis and metabolism: A dangerous liason in cancer cells. Cell Death
Dis. 2016, 7. [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/28560055
http://dx.doi.org/10.1016/j.cotox.2017.11.014
http://dx.doi.org/10.1038/cddis.2016.105

Molecules 2020, 25, 1865 15 0f 17

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Aggarwal, V,; Tuli, H.S.; Varol, A.; Thakral, F; Yerer, M.B.; Sak, K; Varol, M; Jain, A.; Khan, M.A.; Sethi, G.
Role of reactive oxygen species in cancer progression: Molecular mechanisms and recent advancements.
Biomolecules 2019, 9, 735. [CrossRef] [PubMed]

Khan, M.A; Chen, H.C,; Wan, X.X,; Tania, M.; Xu, A.H.; Chen, FZ.; Zhang, D.Z. Regulatory effects of
resveratrol on antioxidant enzymes: A mechanism of growth inhibition and apoptosis induction in cancer
cells. Mol. Cells 2013, 35, 219-225. [CrossRef]

Di Meo, S.; Napolitano, G.; Venditti, P. Physiological and pathological role of ROS: Benefits and limitations of
antioxidant treatment. Int. J. Mol. Sci. 2019, 20, 4810. [CrossRef]

Galadari, S.; Rahman, A ; Pallichankandy, S.; Thayyullathil, F. Reactive oxygen species and cancer paradox:
To promote or to suppress? Free Radic. Biol. Med. 2017, 104, 144-164. [CrossRef]

Chi, A.C,; Day, T.A.; Neville, B.W. Oral cavity and oropharyngeal squamous cell carcinoma-an update.
CA Cancer J. Clin. 2015, 65, 401-421. [CrossRef]

Huber, M.A.; Tantiwongkosi, B. Oral and Oropharyngeal Cancer. Med. Clin. N. Am. 2014, 98, 1299-1321.
[CrossRef]

Ettinger, K.S.; Ganry, L.; Fernandes, R.P. Oral Cavity Cancer. Oral Maxillofac. Surg. Clin. N. Am. 2019, 31,
13-29. [CrossRef]

Newman, D.J.; Cragg, G.M. Natural products as sources of new drugs over the 30 years from 1981 to 2010.
J. Nat. Prod. 2012. [CrossRef] [PubMed]

Shrestha, G.; St Clair, L.L. Lichens: A promising source of antibiotic and anticancer drugs. Phytochem. Rev.
2013, 12, 229-244. [CrossRef]

Richardson, D.H.S. War in the world of lichens: Parasitism and symbiosis as exemplified by lichens and
lichenicolous fungi. Mycol. Res. 1999, 106, 641-650. [CrossRef]

Rankovié, B. Lichen Secondary Metabolites: Bioactive Properties and Pharmaceutical Potential, 2nd ed.; Springer
Nature Switzerland AG: Basel, Switzerland, 2019; ISBN 978-3-030-16813-1.

Yeash, E.A.; Letwin, L.; Malek, L.; Suntres, Z.; Knudsen, K.; Christopher, L.P. Biological activities of
undescribed North American lichen species. J. Sci. Food Agric. 2017, 97, 4721-4726. [CrossRef]
Shcherbokova, A.; Koptina, A.; Samiento-Diaz, M.; Ulrich-Merzenich, G. Pharmacological activities of lichens
from Russia. Planta Med. 2015, 81, 1462. [CrossRef]

Prateeksha, G.; Paliya, B.S.; Bajpai, R.; Jadaun, V.; Kumar, J.; Kumar, S.; Upreti, D.K,; Singh, B.R.; Nayaka, S.;
Joshi, Y.; et al. The genus Usnea: A potent phytomedicine with multifarious ethnobotany, phytochemistry
and pharmacology. RSC Adv. 2016, 6, 21672-21696. [CrossRef]

Bazarnova, Y.; Politaeva, N.; Lyskova, N. Research for the lichen Usnea barbata metabolites. Zeitschrift fur
Naturforsch. Sect. C ]. Biosci. 2018, 73, 291-296. [CrossRef]

Salgado, F.; Albornoz, L.; Cortéz, C.; Stashenko, E.; Urrea-Vallejo, K.; Nagles, E.; Galicia-Virviescas, C.;
Cornejo, A.; Ardiles, A.; Simirgiotis, M.; et al. Secondary metabolite profiling of species of the genus Usnea
by UHPLC-ESI-OT-MS-MS. Molecules 2017, 23, 54. [CrossRef]

Divya Reddy, S.; Siva, B.; Kumar, K.; Phani Babu, V.S.; Sravanthi, V.; Boustie, J.; Lakshma Nayak, V,;
Tiwari, AK.,; Rao, CH.V,; Sridhar, B.; et al. Comprehensive Analysis of Secondary Metabolites in
Usnea longissima (Lichenized Ascomycetes, Parmeliaceae) Using UPLC-ESI-QTOF-MS/MS and Pro-Apoptotic
Activity of Barbatic Acid. Molecules 2019, 24, 2270. [CrossRef]

Cocchietto, M.; Skert, N.; Nimis, P.; Sava, G. A review on usnic acid, an interesting natural compound.
Naturwissenschaften 2002, 89, 137-146. [CrossRef]

Giiran, $.; Coban, Z.D.; Karaer, T.; Atmaca, B.; Kaya Demir, H. Usnic acid uses mitochondrial apopitotic
pathway in it’s antitumoral role. Cumhur. Med. ]. 2017, 39, 539-545. [CrossRef]

Rankovi¢, B.; Kosani¢, M.; Stanojkovi¢, T.; Vasiljevi¢, P.; Manojlovi¢, N. Biological Activities of Toninia candida
and Usnea barbata Together with Their Norstictic Acid and Usnic Acid Constituents. Int. J. Mol. Sci. 2012, 13,
14707-14722. [CrossRef] [PubMed]

Popovici, V.,; Bucur, L.; Popescu, A.; Caraiane, A.; Badea, V. Determination of the content in usnic acid and
polyphenols from the extracts of Usnea barbata L. and the evaluation of their antioxidant activity. Farmacia
2018, 66, 337-341.

Popovici, V;; Bucur, L.; Costache, T.; Gherghel, D.; Vochita, G.; Mihai, C.T.; Rotinberg, P.; Schroder, V.;
Badea, F.C.; Badea, V. Studies on Preparation and UHPLC Analysis of the Usnea barbata (L) EH.Wigg Dry
acetone extract. Rev. Chim. 2019, 70, 3775-3777. [CrossRef]


http://dx.doi.org/10.3390/biom9110735
http://www.ncbi.nlm.nih.gov/pubmed/31766246
http://dx.doi.org/10.1007/s10059-013-2259-z
http://dx.doi.org/10.3390/ijms20194810
http://dx.doi.org/10.1016/j.freeradbiomed.2017.01.004
http://dx.doi.org/10.3322/caac.21293
http://dx.doi.org/10.1016/j.mcna.2014.08.005
http://dx.doi.org/10.1016/j.coms.2018.08.002
http://dx.doi.org/10.1021/np200906s
http://www.ncbi.nlm.nih.gov/pubmed/22316239
http://dx.doi.org/10.1007/s11101-013-9283-7
http://dx.doi.org/10.1017/S0953756298008259
http://dx.doi.org/10.1002/jsfa.8340
http://dx.doi.org/10.1055/s-0035-1565511
http://dx.doi.org/10.1039/C5RA24205C
http://dx.doi.org/10.1515/znc-2017-0177
http://dx.doi.org/10.3390/molecules23010054
http://dx.doi.org/10.3390/molecules24122270
http://dx.doi.org/10.1007/s00114-002-0305-3
http://dx.doi.org/10.7197/223.v39i31705.347452
http://dx.doi.org/10.3390/ijms131114707
http://www.ncbi.nlm.nih.gov/pubmed/23203090
http://dx.doi.org/10.37358/RC.19.11.7645

Molecules 2020, 25, 1865 16 of 17

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

Guo, L,; Shi, Q.; Fang, J.L.; Mei, N.; Ali, A.A.; Lewis, S.M.; Leakey, ].E.A.; Frankos, V.H. Review of usnic
acid and Usnea barbata toxicity. J. Environ. Sci. Health - Part C Environ. Carcinog. Ecotoxicol. Rev. 2008, 26,
317-338. [CrossRef]

Cansaran, D.; Kahya, D.; Yurdakulol, E.; Atakol, O. Identification and quantitation of usnic acid from the
lichen Usnea species of Anatolia and antimicrobial activity. Zeitschrift fur Naturforsch. Sect. C J. Biosci. 2006,
61,773-776. [CrossRef]

Zugic, A.; Jeremic, I; Isakovic, A.; Arsic, I; Savic, S.; Tadic, V. Evaluation of anticancer and antioxidant
activity of a commercially available CO, supercritical extract of old man’s beard (Usnea barbata). PLoS ONE
2016, 11, 1-14. [CrossRef]

Kristmundsdottir, T.; Jonsdéttir, E.; Ogmundsdéttir, H.M.; Ingolfsdéttir, K. Solubilization of poorly soluble
lichen metabolites for biological testing on cell lines. Eur. J. Pharm. Sci. 2005, 24, 539-543. [CrossRef]
Fanum, M. Colloids in Drug Delivery; CRC Press: Boca Raton, FL, USA, 2010; ISBN 978-1-4398-1825-1.
Zaini, E.; Nisak, R K.; Utami, R.D.; Fitriani, L.; Ismed, F. Effect of milling on physicochemical properties of
usnic acid isolated from Usnea sp. Orient. |. Chem. 2017, 33. [CrossRef]

Coiffard, C.; Coiffard, L.; De Roeck-Holtzhauer, Y. Comparison of thermostability of natural (sulfoprolamine
and sodium usnate) and synthetic (climbazol and piroctone olamine) antidandruff agents. Ann. Pharm. Fr.
1999, 57, 392-396. [PubMed]

Meyer, B.N.; Ferrigni, N.R.; Putnam, J.E.; Jacobsen, L.B.; Nichols, D.E.; McLaughlin, J.L. Brine shrimp:
A convenient general bioassay for active plant constituents. Planta Med. 1982, 45, 31-34. [CrossRef] [PubMed]
Paudel, B.; Bhattarai, H.D.; Pandey, D.P.; Hur, J.S.; Hong, S.G.; Kim, I.-C.; Yim, ] H. Antioxidant, Antibacterial
activity and Brine shrimp toxicity test of some Mountainous Lichens from Nepal. Biol. Res. 2012, 45, 387-391.
[CrossRef] [PubMed]

Harwig, J.; Scott, P. Brine shrimp (Artemia salina L.) larvae as a screening system for fungal toxins.
Appl. Microbiol. 1971, 21, 1011-1016. [CrossRef]

Kerster, H.W.; Schaeffer, D.]. Brine shrimp (Artemia salina) nauplii as a teratogen test system. Ecotoxicol.
Environ. Safe 1983, 7, 342-349. [CrossRef]

Ravaglia, L.M.; Gongalves, K.; Oyama, N.M.; Coelho, R.G.; Spielmann, A.A.; Honda, N.K. In vitro
radical-scavenging activity, toxicity against A. salina, and nmr profiles of extracts of lichens collected
from Brazil and Antarctica. Quim. Nova 2014, 37, 1015-1021. [CrossRef]

Sundquist, T.; Moravec, R; Niles, A.; O’Brien, M.; Riss, T. Timing your apoptosis assays. Cell Notes 2006.
Rabelo, TK.; Zeidan-Chulia, F.; Vasques, L.M.; dos Santos, ].P.A.; da Rocha, R.F; de Bittencourt Pasquali, M.A.;
Rybarczyk-Filho, J.L.; Aratjo, A.A.S.; Moreira, ].C.E; Gelain, D.P. Redox characterization of usnic acid and
its cytotoxic effect on human neuron-like cells (SH-SY5Y). Toxicol. Vitr. 2012, 26, 304-314. [CrossRef]

Ben Mrid, R.; Bouchmaa, N.; Bouargalne, Y.; Ramdan, B.; Karrouchi, K.; Kabach, I.; El Karbane, M.; Idir, A.;
Zyad, A.; Nhiri, M. Phytochemical Characterization, Antioxidant and In Vitro Cytotoxic Activity Evaluation
of Juniperus oxycedrus Subsp. oxycedrus Needles and Berries. Molecules 2019, 24, 502. [CrossRef]

Khan, M.A; Tania, M.; Zhang, D.Z.; Chen, H.C. Antioxidant enzymes and cancer. Chin. J. Cancer Res. 2010,
22,87-92. [CrossRef]

Mosmann, T. Rapid colorimetric assay for cellular growth and survival: Application to proliferation and
cytotoxicity assays. J. Immunol. Methods 1983, 65, 55-63. [CrossRef]

Laville, N.; Ait-Assa, S.; Gomez, E.; Casellas, C.; Porcher, ].M. Effects of human pharmaceuticals on
cytotoxicity, EROD activity and ROS production in fish hepatocytes. Toxicology 2004, 196, 41-55. [CrossRef]
[PubMed]

Denizot, E; Lang, R. Rapid colorimetric assay for cell growth and survival. Modifications to the tetrazolium
dye procedure giving improved sensitivity and reliability. . Immunol. Methods 1986, 89, 271-277. [CrossRef]
Van Meerloo, J.; Kaspers, G.J.L.; Cloos, J. Cell Sensitivity Assay—MTT. In Methods in Molecular Biology;
Springer Nature Switzerland AG: Basel, Switzerland, 2011. [CrossRef]

Stockert, J.C.; Blazquez-Castro, A.; Canete, M.; Horobin, R.W.,; Villanueva, A.MTT assay for cell viability:
Intracellular localization of the formazan product is in lipid droplets. Acta Histochem. 2012, 114, 785-796.
[CrossRef] [PubMed]

Vermes, I.; Haanen, C.; Reutelingsperger, C. Flow cytometry of apoptotic cell death. J. Immunol. Methods
2000, 243, 167-190. [CrossRef]


http://dx.doi.org/10.1080/10590500802533392
http://dx.doi.org/10.1515/znc-2006-11-1202
http://dx.doi.org/10.1371/journal.pone.0146342
http://dx.doi.org/10.1016/j.ejps.2005.01.011
http://dx.doi.org/10.13005/ojc/330641
http://www.ncbi.nlm.nih.gov/pubmed/10520510
http://dx.doi.org/10.1055/s-2007-971236
http://www.ncbi.nlm.nih.gov/pubmed/17396775
http://dx.doi.org/10.4067/S0716-97602012000400010
http://www.ncbi.nlm.nih.gov/pubmed/23558996
http://dx.doi.org/10.1128/AEM.21.6.1011-1016.1971
http://dx.doi.org/10.1016/0147-6513(83)90079-9
http://dx.doi.org/10.5935/0100-4042.20140159
http://dx.doi.org/10.1016/j.tiv.2011.12.003
http://dx.doi.org/10.3390/molecules24030502
http://dx.doi.org/10.1007/s11670-010-0087-7
http://dx.doi.org/10.1016/0022-1759(83)90303-4
http://dx.doi.org/10.1016/j.tox.2003.11.002
http://www.ncbi.nlm.nih.gov/pubmed/15036755
http://dx.doi.org/10.1016/0022-1759(86)90368-6
http://dx.doi.org/10.1007/978-1-61779-080-5_20
http://dx.doi.org/10.1016/j.acthis.2012.01.006
http://www.ncbi.nlm.nih.gov/pubmed/22341561
http://dx.doi.org/10.1016/S0022-1759(00)00233-7

Molecules 2020, 25, 1865 17 of 17

48.

49.

50.

51.

52.

53.
54.

55.

Wilodkowic, D.; Telford, W.; Skommer, J.; Darzynkiewicz, Z. Apoptosis and Beyond: Cytometry in Studies of
Programmed Cell Death. Methods Cell Biol. 2011, 103, 55-98. [CrossRef] [PubMed]

Rieger, AM.; Nelson, K.L.; Konowalchuk, ]J.D.; Barreda, D.R. Modified Annexin V/Propidium Iodide
Apoptosis Assay for Accurate Assessment of Cell Death. J. Vis. Exp. 2011, 50, €2597. [CrossRef]

Riccardi, C.; Nicoletti, I. Analysis of apoptosis by propidium iodide staining and flow cytometry. Nat. Protoc.
2006, 1, 1458. [CrossRef]

Weydert, C.J.; Cullen, J.J. Measurement of superoxide dismutase, catalase and glutathione peroxidase in
cultured cells and tissue. Nat. Protoc. 2010, 5, 51-66. [CrossRef]

Winterbourn, C.C.; Hawkins, R.E.; Brian, M.; Carrell, R.W. The estimation of red cell superoxide dismutase
activity. J. Lab. Clin. Med. 1975, 85, 337-341.

Sinha, A.K. Colorimetric assay of catalase. Anal. Biochem. 1972, 47, 389-394. [CrossRef]

Azevedo, A.M.; Martins, V.C.; Prazeres, D.M.E,; Vojinovi¢, V.; Cabral, ].M.S.; Fonseca, L.P. Horseradish
peroxidase: A valuable Tool in Biotechnology. Biotechnol. Annu. Rev. 2003, 9, 199-247. [CrossRef] [PubMed]
Fletcher, O. Maths from Scratch for Biologists. Trans. R. Soc. Trop. Med. Hyg. 2004, 98, 390. [CrossRef]

Sample Availability: Not available.

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/B978-0-12-385493-3.00004-8
http://www.ncbi.nlm.nih.gov/pubmed/21722800
http://dx.doi.org/10.3791/2597
http://dx.doi.org/10.1038/nprot.2006.238
http://dx.doi.org/10.1038/nprot.2009.197
http://dx.doi.org/10.1016/0003-2697(72)90132-7
http://dx.doi.org/10.1016/s1387-2656(03)09003-3
http://www.ncbi.nlm.nih.gov/pubmed/14650928
http://dx.doi.org/10.1016/j.trstmh.2004.02.002
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Determination of Usnic Acid Content in Different Extracts of Usnea barbata (L.) F. H. Wigg 
	Evaluation of UBE Cytotoxic Activity by BSL Assay 
	Effects of UBE Treatment on Morphological Characteristics of CAL 27 (ATCC® CRL-2095™) Cell Line 
	In Vitro Cytotoxicity of UBE on CAL 27 (ATCC® CRL-2095™) Cell Line 
	MTT Assay 
	Apoptosis Assay 
	Assessment of Antioxidant Enzyme Activity 


	Discussions 
	Materials and Methods 
	Lichen Samples 
	Preparation of Lichen Extracts 
	Determination of Usnic Acid Content in Different Extracts of Usnea barbata (L.) F. H. Wigg. 
	HPLC Analysis of Usnic Acid in Various Liquid Extracts of Usnea barbata (L.) F. H. Wigg 
	UHPLC Analysis of Usnic Acid in UBE 

	Evaluation of UBE Cytotoxic Activity by BSL Assay 
	Effects of UBE Treatment on Morphological Characteristics of CAL 27 (ATCC® CRL-2095™) Cell Line 
	In Vitro Cytotoxicity of UBE on CAL 27 (ATCC® CRL-2095™) Cell Line 
	MTT Assay 
	Apoptosis Assay 
	Assessment of Antioxidant Enzyme Activity 

	Statistical Analysis 

	Conclusions 
	References

