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Abstract: The present study identifies the phytochemical profile of a hydroalcoholic extract derived
from Smilax aspera leaves and stems, estimates its antioxidant capacity and evaluates its cytotoxic
activity against glioblastoma (A172 cell line) and rhabdomyosarcoma (TE671 cell line). Chemical
analysis of leaves and stems was performed with liquid chromatography analysis combined with a
quadrupole time-of-flight high-resolution mass spectrometry (LC/Q-TOF/HRMS). The antioxidant
activity of the extract was evaluated with the 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and the 2,2'-
azinobis[3-ethylbenzthiazoline-6-acid)] (ABTS) assays. Cell viability was examined using the alamar
blue assay. Most of the compounds tentatively identified belonged to the flavonoids family, with rutin
being the most abundant, followed by luteolin. The extract showed potent antioxidant activity which
corresponded to 13.9 & 1.91 ug/mL (DPPH assay) and 6.27 & 1.7 pg/mL (ABTS assay), expressed as
ICs5p values. The extract inhibited the proliferation of cancer cells. The lowest ICsy value for A172
cells was observed 48 h after treatment and was calculated at 0.482 £ 0.98 mg/mL while for the TE671
cell line the lowest IC5( value was 0.629 £ 1.31 mg/mL, calculated 72 h after treatment. Considering
the high biological value of flavonoids as health defense promoters, S. aspera leaves and stems can be
an important natural source to consider as they may provide important health benefits.

Keywords: Smilax aspera; antioxidant; LC/Q-TOF/HRMS analysis; glioblastoma; rhabdomyosarcoma

1. Introduction

The family Smilacaceae consists of two genera, namely Smilax L. and Heterosmilax
Kunth, and is mainly distributed in the tropics, but also extends into temperate regions of
both hemispheres. Smilax, the core genus of Smilacaceae, contains c. 200 species and shows
the highest species diversity in East Asia, but only two species are distributed in southern
Europe [1,2]. Smilax aspera L. is considered a Tertiary relict and it is widespread throughout
the circum-Mediterranean region, including North Africa and Macaronesia (Canary Islands
and Madeira), but also occurs with scattered populations in the East African highlands
(Kenya, Ethiopia, Tanzania) and South Asia (Nepal, Sri Lanka, India, Bhutan, Kashmir,
Southwestern China) [2].

In traditional and folk medicine, Smilax spp. have been used in the treatment of
numerous ailments, such as cancer, syphilis, acute bacterial dysentery, inflammation,
rheumatism and hypoglycemia [3-6]. Specifically, regarding the anticancer potential of
Smilax spp., an ethanolic extract of Smilax glabra rhizomes, demonstrated its anticancer
activity by inhibiting cell adhesion of HepG2, MDA-MB-231 and T24 cancer cell lines [5]
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while a methanolic extract of Smilax spinosa rthizomes exhibited antineoplastic activity
against HL-60, MCF-7 and MDAZ231 cancer cell lines [7].

Gliomas are common neoplasms, stemming from glial cells of the central nervous
system (CNS). The most common types of glioma are astrocytomas, with glioblastoma
multiforme (grade IV astrocytoma) being the most devastating primary brain tumor, as
it is a highly invasive and aggressive tumor. Despite advances in surgical techniques
and adjuvant treatment, the average survival is only 1-2 years, which has not improved
significantly during the last decades. Fewer than 5-10% of patients survive up to 5 years
and only 25% of glioblastoma patients survive more than one year.

Sarcomas develop in the connective tissue, e.g., bones, muscles, fat, ligaments, and
blood vessels. Rhabdomyosarcoma (RMS) is a highly aggressive soft sarcoma, originating
from the mesenchymal cells of skeletal muscles. It is a metastatic tumor with the most
common sites of metastasis being the lungs and the lymph nodes [8,9]. The prognosis
of non-metastatic RMS is good and survival rates are high if treated early. Therapy and
treatment include surgery, chemotherapy and radiotherapy. Nevertheless, recurrence cases
are common and are accompanied by poor survival rates [10].

Phytochemicals are intensively studied against various chronic diseases including
cancer. It is discussed that their efficacy is mainly due to their antioxidant activity. Though
treatment with natural products is yet preliminary and much information is needed regard-
ing their mechanism of action, data from many in vitro, in vivo and clinical trial studies
evidence that these substances are of great therapeutic importance and may consist a new
era of treatment [11,12].

Secondary metabolites isolated from various plant materials are complex mixtures.
Therefore, in order to understand their activity, the chemical characterization of these
mixtures is necessary. Mass spectrometry is a powerful tool for the screening of various
types of samples including plant-derived extracts [13,14]. A common type of this analytical
technique is quadrupole time of flight mass spectrometry. By coupling Q-TOF/MS with
liquid chromatography, a challenging method that gains popularity is generated. High
resolution, high detection sensitivity in full scan acquisition mode and fragmentation of
the molecular ions formed make the Q-TOF mass spectrometer an advantageous tool for
qualitative analysis.

Within this context, our study aims: (a) to explore the phytochemical profile of S. aspera
leaves and stems, originating from Greece, with the use of liquid chromatography combined
with a quadrupole time-of-flight high-resolution mass spectrometry (LC/Q-TOF/HRMS),
(b) to estimate their antioxidant capacity with both DPPH and ABTS assays and, (c) to
evaluate their cytotoxic activity against glioblastoma and rhabdomyosarcoma cell lines.

2. Materials and Methods
2.1. Plant Material

In the present study, plant material of Smilax aspera was collected from northwestern
Peloponnese, Greece. Vouchers have been deposited at the Herbarium of the Agricultural
University of Athens (ACA), with the following label: Greece, Peloponnisos, prefecture of
Achaia, ca. 0.4 km S of Achaiko village, garrigue with Quercus coccifera and roadsides, alt.
50 m, 38° 07.09’ N, 21°35.52" E, 20.09.2016, Trigas 6331, ACA (voucher number: 008842).
Plant identification was based on morphological features, using the identification key
provided by [15]. Berries were separated from the stems and the plant was kept in the dark,
at a low temperature for 15 days.

2.2. Sample Preparation

Two grams (2.0 g) of powdered plant material were extracted with 30 mL of a hy-
dromethanolic solution (70% v/v) with the assistance of an ultrasonic water bath, as
previously described by [13].
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2.3. LC/Q-TOF-HRMS Analysis

The crude extract of the S. aspera aerial part was dissolved in methanol (LC-MS grade,
Fischer Scientific, Madrid, Spain) (70% v/v). Standard solutions of rutin trihydrate, catechin,
luteolin and luteolin glucoside, were similarly prepared. Reference compounds were all
purchased from Extrasynthese (Genay, France). All the tested solutions were prepared on
the day of the analysis.

LC/Q-TOF/HRMS analysis was performed on an HPLC system (Agilent Series 1260-
Agilent Technologies, Santa Clara, CA, USA) coupled to a 6530 Q-TOF mass spectrometer
(Agilent Technologies, Singapore). The HPLC system consists of a degasser, autosampler,
quaternary pump, diode array detector and a thermostatically controlled column oven.
Chromatographic separation was performed at 40 °C on a Zorbax Extend-C18 Rapid
Resolution HT 2.1 mm X 50 mm, 1.8 um reversed-phase column. The solvent system
consisted of water LC-MS (solvent A) and acetonitrile LC-MS (solvent B) both acidified
with 0.1% formic acid. The elution program was as follows: 5-95% solvent B from 0 to
33 min and maintained at 95% up to 38 min. Experimental conditions were adjusted as
in the study of [13]. The extract was analyzed under the positive and negative ionization
modes. The parameters set for the Q-TOF mass analysis follow those described in our
previous analysis [13]. CID-ms/ms spectra were recorded on the auto MS/MS mode. The
mass range was set to 50-1000 and the collision energy was set at 40 V. The results were
analyzed using the Agilent MassHunter Workstation software LC-MS Data Acquisition for
6530 series Q-TOF.

Molecular formulas were automatically generated using the ‘Generate formulas’ of the
Agilent Masshunter Qualitative Analysis. The identification of the compounds was based
on the available standard references for rutin trihydrate, luteolin, catechin and luteolin
glucoside and data from the available literature [16,17]. Accurate mass < 5 ppm was used
to generate molecular formulas.

Quantification of Flavonoids by LC/Q-TOF-HRMS

Identified flavonoids of S. aspera leaves and stems were quantified with the single-
point external standard method [18]. Standard solutions of known concentration were
analyzed as aforementioned. Peak areas were recorded and the respective response factor
was calculated according to the following formula:

Response factor = (peak area of the standard solution)/(concentration of the standard solution)

Afterward, the analytes sample of unknown concentration was treated under the same
conditions and the peak area was also recorded. Then the amount of each analyte was
calculated using the following equation:

Amount of analyte = (peak area of the analyte)/(response factor)

Analyte quantification when no standard solution was available, was performed by
using the standard solutions of similar molecular structures.

2.4. Determination of Total Phenolic Content

Total phenolic content was estimated using Folin-Ciocalteu reagent (Sigma-Aldrich,
Darmstadt, Germany) and according to [19]. The final concentration of the extract used was
0.25 mg/mL. The absorbance was measured at 765 nm. A standard curve was constructed
using gallic acid (Riedel-de Haén AG, Seelze, Germany).

Total phenolic content was calculated according to the following equation derived
from a gallic acid standard curve:

y = 0.0012x — 0.0016 (r = 0.999, n = 3) 1)
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where y stands for the absorbance of gallic acid measured at 765 nm and x represents the
concentration of the standard solution in ug/mL. Threefold measurements were performed
and results were expressed as mg of gallic acid equivalents (GAE) per g of dry material.
The regression obtained an r = 0.999.

2.5. Estimation of Antioxidant Activity
2.5.1. DPPH?* (2,2-Diphenyl-1-picrylhydrazyl) Radical Scavenging Assay
A DPPH® hydromethanolic solution (70% v/v) (Sigma-Aldrich, Darmstadt, Germany), at
the concentration of 60 x 10~® M was prepared and kept in the dark during the experiment.
The range of the final concentrations tested as far as the extract is concerned was 3.6 to
19.80 pg/mL. The experiment took place as previously described by [13]. Measurements
were performed in triplicate at 517 nm. The following equation was used to calculate the
inhibition percentage for DPPH scavenging:

% radical scavenging activity= [(Acontrol — Asample)/Acontrol] x 100 (2)

where Acontrol is the absorbance of the control solution and Asample is the absorbance of
the tested extract. The experiment took place in triplicates.

A scatter plot of % inhibition versus concentration (ug/mL) was constructed and
results were expressed as ICsg value which was calculated using the equation derived from
the plot. The antioxidant activity of Trolox (Acrés organics, Waltham, MA, USA) and caffeic
acid (Sigma-Aldrich, Darmstadt, Germany) was also calculated under the same conditions.

2.5.2. ABTS** (2,2'-Azinobis[3-ethylbenzthiazoline-6-acid]) Radical Scavenging Assay

For the ABTS assay, 7 mM of ABTS" reagent (Sigma-Aldrich, Germany) and 2.45 mM
of potassium persulfate (Sigma-Aldrich, Germany) were mixed. The solution was left at
room temperature, in the dark for 18 h. The ABTS* stock solution was then diluted with
70% methanol, so the absorbance of the final working solution was 0.700 & 0.01 at 734 nm.
The range of the final concentrations used, as far as the extract is concerned, was 1.98 to
12.87 ug/mL The experiment took place as described by [14], in triplicates. Control solution
and calculation of the results were carried out as previously described for the DPPH assay:.

2.6. Evaluation of Cytotoxic Activity
2.6.1. Cell Treatment and Exposure to the Extract

Two cell lines were used to evaluate the cytotoxicity of the S. aspera extract. The TE671
rhabdomyosarcoma cancer cell line was obtained from the European Collection of cell
cultures (ECACC). The A172 glioblastoma cell line was obtained from a male patient of
53 years (ECACC, London, UK, Cat. Nr 88062428). Cells were grown in a cell culture flask
(75 ecm? surface area) in Dulbecco’s modified Eagle’s Medium (DMEM) (ThermoFisher
Scientific Inc. (Gibco), Waltham, MA, USA Cat. Nr. 10566016) with a high concentration
of glucose (4500 mg/mL), enriched with 15% fetal bovine serum (FBS) (ThermoFisher
Scientific Inc. (Gibco), Waltham, MA, USA Cat. Nr. 26140-079), L-glutamine (2 mM)
(ThermoFisher Scientific Inc. (Gibco), Waltham, MA, USA Cat. Nr. A12860-01). In order
to avoid pathogen contamination a dual antibiotic solution of penicillin G (100IU) and
streptomycin (100 pg/mL), was added (ThermoFisher Scientific Inc. (Gibco), Waltham, MA,
USA Cat. Nr. 15140-122), in addition to an amphotericin B solution (ThermoFisher Scientific
Inc. (Gibco), Waltham, MA, USA Cat. Nr. 14140-122). The cell population was measured
with the use of a Coulter counter (CellTaq «, Nihon Kodhen Inc., Tokyo, Japan), in order to
determine the absolute initial number of cells inoculated in each respective experimental
setup. Cells were inoculated in 96 well plates (1.5 x 10% cells/mL) and were allowed to
grow for 24 h until ~80% confluence. After 24 h cells were exposed to successively diluted
concentrations of the extract (t = 0 h), ranging from 0.02 to 3.125 mg/mL for 24, 48 and 72 h.
Extracts were diluted in DMSO. Control experiments included both cells with no further
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treatment (no extract), as well as cells with vehicle only (DMSO at a final concentration of

4% (data not shown)). Vehicle had no effect on cell proliferation and viability.
Experiments were performed in 96-well plates (CellStar® Sigma-Aldrich Chemie

GmbH, Taufkirchen, Germany DE Cat. Nr. M3687-60EA) as described previously by [14].

2.6.2. Cell Viability Assessment Protocol (Alamar Blue Assay)

The assessment of cell viability after incubation with testing agents was performed
with resazurin reduction experiments, using the Alamar Blue viability assay. Cell viability
at each time point (24, 48, 72 h) was quantified by adding Alamar Blue (Gibco, Invitrogen
Inc.) to each well, to a final concentration of 10%. The experiment took place as previously
described by [14].

The percentage of viable cells was calculated according to the following formula:

ODl,Cells_Exposed_to_Drug (nm) - ODZ,Only?mediumﬁ(blunk) (nm)
ODS,CellstoLExposedJofDrug (nm) - ODZ,OnZy_medium_(hlank) (nm)

V(%) = x100 (3)

where OD; stands for the optical density in nm for cells treated with the chemical, OD;
stands for the optical density in nm for wells containing nutrient medium only and no
chemical and ODj3 stands for cells that were not exposed to the chemical. Optical den-
sity was measured at 570 nm and 600 nm. Results were expressed as IC50 values, the
concentration of the chemical that causes 50% inhibition with respect to the untreated
cells [14].

2.6.3. Giemsa Staining

Cells were microscopically observed at 24, 48 and 72 h of incubation. Cells were
colored with the Giemsa stain as we describe in our previous study [14].

2.6.4. Data Analysis

IC5p was calculated using GraphPad Prism (ver. 8.4.2) and according to a four-
parameter logistic model. The data were presented as means + standard error of the
mean (SEM). The dose and time-dependent effect of the tested drugs with respect to the
control group were also calculated with GraphPad Prism (ver, 8.4.2). Statistical differences
between untreated and treated cells were evaluated with the student t-test. p values < 0.05
were considered statistically significant and confidence intervals were at 95% (£95% CI).
Results were expressed as pg/mL of the extract. Normalized results are presented as log10
concentration [14].

3. Results and Discussion
3.1. Identification of Metabolites by LC/Q-TOF/HRMS Analysis

The extract was analyzed under positive and negative ionization modes for comple-
mentary information. Tentatively identified metabolites of the hydroalcoholic extract of
S. aspera leaves and stems are summarized in Table 1, along with their retention time (tR),
molecular formula, m/z ratio, UVmax, mass error (ppm) and ms/ms product ions in the
MS(+) and MS(—) scan, respectively. The fragmentation process is described in detail in
the supporting supplementary material (part I). Low energy CID MS/MS spectra and
suggested fragmentation patterns of compounds at the positive and negative ionization
modes are also presented as supplementary material (part II).



Appl. Sci. 2023,13, 4784

6 of 15

Table 1. Tentatively identified compounds for Smilax aspera leaves and stems at positive and negative

ionization mode.

ESI (+) ESI (—)
Peak Uv . Molecular
Number Max Identification Formula Observed g.:(s; [M + H}* ¢ Observed %{:zi M +H)- ¢
Mass (Bm) (mlz) R Mass (Am) (m/z) R
165.0538; 1680385
1* 280 Catechin CisH1406 291.0860 ~1.03 139.0387; 207 2890710  —2.77 1oLy s
123.0439 To o
163.0389; 191.0557;
2 325 Chlorogenic acid Ci6His00 355.1025 0.28 145.0282; 233 3530872  —1.70 1730448, 2.46
117.0331 135.0453
163.0389; 291.0880;
3 320  Caffeoylshikimicacid  Ci6Hi6Os 337.0919 0.30 145.0282; 372 3350769 084 1790345,  3.80
117.0332 135.0449
289.0706. 449.0852;
4 210 Cinchonain 11a CwHpOps  741.1813 ~0.13 0706; 543 739.1672 0.54 339.0510, 478
179.0336
177.0177
499.1213;
4751043,
4450951
5 320 Tsoschaftoside CosHsOn  565.1543 ~159 433.0881 5.75 nd.
427.0985,
409.0919;
391.0800;
300.0268;
. . 2710241
6 357 Rutin CyHypO  611.1604 ~033 303.0499 587 6091453  —151 Ty 597
151.0032
303.0489; 300.0267;
7 260 Quercetin hexoside ~ CuHypOp  465.1025 —043 257.0399; 630 4630871  —151 271.0240:  6.45
165.0536 151.0029
327.0473;
287.0552; 285.0388;
8 267 Kaempferol Co7H30O15 595.1658 0.17 269.0918; 699  593.1509 —0.50 255.0288; 7.06
hexoside-pentoside 241.0437 207.0343
151.0054
287.0550; 243.0292;
9+ 220 Luteolin hexoside CuHOn  449.1077 —022 -0550; 707 4470922 —2.46 2170162  7.12
137.0229
151.0031
10 220 Quercitrin CoHyOn  449.1077 —0.22 308000 707 4470922  —246 0L0008: 712
315.0492;
. ) 285.0395,
1 280 Isorhamnetin CosHpOw 6251761 032 317.0650; 720 6231611  —1.12 271.0245.  7.23
hexoside-pentoside 308.1104 243.0292
151.0041
Isorhamnetin 315.0520;
12 260 orhamnet CorHpOn nd. 471017 —4.69 30520 727
13 213 Cinchonain Ia/Ib ** CasHOs 453.1175 ~1.10 Eesiyd 754 4511028  —1.55 Tty 751
135.0428;
14 220 Resveratrol C1H1,05 229.0859 0.00 107.0497- 7.70 nd.
79.0550
267.0258;
15* 218 Luteolin Ci5H10O¢ nd. 2850392 456 e r R
133.0281
16 . Parillin CsiHguO»  1049.5525 ~0.19 7732220 9.55 n.d.
17 277 Naringenin CisH1Os n.d. 271.0622 3.69 B R3]
723.4281;
18 - Gracillin CisHpOpy 8854855 0.68 2712064, 1066 nd.
253.1948
19 - Pseudoprotodioscin  Cs1HgpOy 10315428 0.68 SaLIe 1087 nd.
Smilaxchinoside A or .
20 . CsiHpOn  1047.5366 ~038 Z11A06% 1098 nd.

Smilaxchinoside A **

* Identification was based on standard compounds. ** The stereochemistry of the compounds is not resolved. n.d:
not detected

Phenolic compounds such as chlorogenic acid, caffeoyl shikimic acid, kaempferol and

its glycosides, quercetin, isorhamnetin, rutin, catechin, are among the compounds identified
in Smilax spp. extracts [16]. Our results confirm previous studies [16,20] highlighting
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S. aspera as an important source of bioactive compounds, namely phenolic compounds
and steroidal saponins. Regarding both positive and negative ionization modes, flavonoid
glycosides and aglycons were identified as major metabolites of S. aspera aerial parts,
and rutin was the major compound detected. Compounds isoshaftoside, isorhamnetin
pentoside-hexoside, luteolin glucoside and isorhamnetin hexoside have not been previously
reported in the genus Smilax.

In addition, types of steroidal saponins belonging to the furostane, spirostane and
isospirostane classes were detected. Spirostane and isosprirostane saponins are six-ring
stereoisomers and differ at the R or S configuration of the methyl group at the position C-27
of the F ring. The sugar moiety is directly attached to the steroid nucleus, contrary to the
five-ring furostane saponin that is adhered to the position C-26, separated from the saponin
aglycon skeleton by a hemiacetal hydroxyl group. The position C-3 of the steroidal saponins
is occupied by a group of sugar moieties most common of which are glucopyranosyl,
rhamnopyranosyl, galactopyranosyl, fructopyranosyl and arabinopyranosyl residues [16].
Position C-26 is of crucial importance for the identification of the type of saponin presented.
When this position is occupied by a sugar moiety, as in the case of furostane saponins, then
the cleavage of the E-ring from which the characteristic neutral loss of 144 D arises, occurs
after the elimination of the attached sugar moiety. In our study, the detected saponins
presented a main peak at m/z 253 (when a double bond at position C5-C6 was presented)
or at m/z 255, arising from the main aglycon skeleton.

The chemical profile of various Smilax species has been elucidated and many pharma-
cological properties are related to the presence of steroidal saponins and flavonoids [20-22].
Regarding S. aspera, the presence of steroidal saponins in the underground plant organs
which is also the most well-studied part of the plant and the presence of carotenoids at
the berries, has been reported [16,23,24]. Nevertheless, uncertainty still exists about the
phytochemical profile and the antioxidant activity of leaves and stems. Natural antioxi-
dants are considered more effective and less harmful than synthetic ones; therefore, the
search for new natural antioxidant sources has been intensified [25,26]. The especially
rich Mediterranean flora offer remarkable research opportunities for the discovery of new
natural antioxidants.

3.2. Quantification of Flavonoids, Total Phenolic Content and Antioxidant Activity

Notably, our results revealed the dominance of rutin (31.17 pg/mL) compared to the
other flavonoids, followed by luteolin (14.46 ug/mL), isorhamnetin hexoside-pentoside
(2.68 ng/mlL), quercetin hexoside (2.33 pg/mL), kaempferol hexoside-pentoside
(0.609 pg/mL), catechin (1.73 pg/mL), quercitrin (0.082 pg/mL) and naringenin
(0.024 pug/mL). The estimated value of the total phenolic content of the extract expressed as
mg of GAE per g of dry material was 120.56 £ 2.25 GAE/g. The antioxidant activity of the
extract was evaluated by DPPH and ABTS assays and the results were expressed as ICsg
values. S. aspera aerial parts exhibited a notable antioxidant activity which corresponds to
13.9 £ 1.91 pg/mL for the DPPH method and 6.27 £ 1.7 ug/mL for the ABTS method.

Various studies dealing with total phenolic content and the antioxidant activity of
several Smilax spp. have been published in the last decades. Underground plant organs,
i.e., roots and rhizomes, have been intensively studied [16], while the antioxidant activity
of leaves and stems of certain species has also been examined [16,27,28]. All studied species
have shown a notable antioxidant activity which in some cases was comparable to that of
strong synthetic scavengers and was strongly correlated to their phenolic content [29,30].
In our study, S. aspera exhibited a high phenolic content and significant antioxidant activity.
By comparing the calculated ICsy values to known antioxidants [trolox (the ICs value cor-
responds to 4.53 &= 1.89 ug/mL for the DPPH assay and to 2.66 £ 0.90 ug/mL for the ABTS
assay) and caffeic acid (the ICs value is equal to 2.36 £ 0.61 pg/mL and 1.72 & 1.29 ug/mL
for DPPH and ABTS assay, respectively)], it is concluded that the plant under study can
be classified among those with potent antioxidant capacity. Only a few studies have in-
vestigated the antioxidant activity of S. aspera. The study of [31], evaluated the non-polar
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fraction of the leaves, in terms of tocopherol content. Furthermore, [32], examined the
antioxidant activity of leaves and fruits from S. aspera from different regions with the FRAP
assay. The calculated antioxidant activity regarding leaves ranges from 62.97 to 64.57 mmol
Fe*? /kg while for the fruits of the plant, this value is from 64.51 to 66.31 mmol Fe*? /kg.
Both studies concluded that S. aspera is a good source of antioxidants. Our results confirm
the previous findings and add novel knowledge to the field of natural antioxidants.

Phenolic compounds belong to a class of chemicals consisting of one or more hydroxyl
groups (-OH), bonded to an aromatic ring. Therefore, they can donate an electron or a
hydrogen atom to a free radical, interrupting in this way the free radical chain reaction.
As a result, there is a strong correlation between the total phenolic content of a plant
and its antioxidant activity [33]. Indeed, in our study, the estimated values of the total
phenolic content and the antioxidant capacity of S. aspera leaves and stems confirmed
this statement. Although phenolic compounds are endowed with many pharmacological
properties, they are mostly known for their radical scavenging activity. As numerous
diseases are strongly correlated with high concentrations of free radicals in cells and
tissues, phenolic compounds may play a beneficial key role in the prevention of different
pathological conditions. However, there is a strong rationale between flavonoid structure
and their antioxidant activity. In the study of [34], it is reported that the antioxidant activity
of a flavonoid increases when a hydroxyl group is attached to the position C-3 of the C
ring, simultaneously to the presence of a 2,3 double bond conjugated to a 4-keto function at
the same ring. In addition, the authors also demonstrated that the ortho 3’-4’-dihydroxy
moiety at the B ring is important as it enhances the antioxidant capacity of a flavonoid.
Among the flavonoids detected in our study, kaempherol hexoside-pentoside, isorhamnetin
hexoside-pentoside, luteolin and its glycoside, catechin, quercetin hexoside and rutin are in
accordance with this hypothesis.

3.3. Evaluation of Cytotoxicity

A dose and time-dependent effect of S. aspera extract was observed for both cell
lines. Interestingly, for TE671 cells, the cytotoxic effect was more prominent at 72 h of
treatment, at the range of concentrations between 0.04-3.125 mg/mL. At 24 h, inhibition
was observed at 0.78-3.12 mg/mL whereas after 48 h of treatment, the effect was observed
at 0.39-3.12 mg/mL (Figure 1A). On the other hand, the range of the concentrations
(0.39-3.12 mg/mL) that significantly inhibited the proliferation of A172 cells with respect
to the control group after treatment with the extract of S. aspera, was the same for all time
points. At the concentrations from 0.19 mg/mL to 0.02 mg/mL, no statistically significant
effect was observed, while cells recovered at 0.04 mg/mL (Figure 1B). This effect was
also evident through microscopical investigation. TE671 cells were confluent without
any treatment (Figure 2A), while a similar behavior was observed for the 0.39 mg/mL
concentration (Figure 2C). On the other hand, at 0.78 mg/mL cells were significantly
reduced (Figure 2B). The same behavior was observed for the A172 cell line, where cells
were confluent without any treatment (Figure 3A), while cells were also near-confluence at
the 0.39 mg/mL concentration (Figure 3C). Finally, at 0.78 mg/mL cells were significantly
reduced (Figure 3B), as in the case of TE671 cells.
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Figure 1. Dose dependent and time dependent effect after treatment with S. aspera extract on TE671
(A) and A172 (B) cells. Data are presented as the mean + standard error of the mean (SEM) (with
n = 8). The asterisk (*) indicates significant differences between untreated and treated cells. The grey
color corresponds to 24 h of treatment, the pink to 48 h and the light blue to 72 h.

Figure 2. Microscopy inspection of the TE671 rhabdomyosarcoma cells, grown for 72 h in DMEM
with no other treatment (A), cells treated with 0.78 mg/mL of the extract (B) and cells treated with
0.39 mg/mL of the extract (C). Images were captured at x200 magnification.
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Figure 3. Microscopy inspection of the A172 glioblastoma cells, grown for 72 h in DMEM with
no other treatment (A), cells treated with 0.78 mg/mL of the extract (B) and cells treated with
0.39 mg/mL of the extract (C). Images were captured at x200 magnification.

In the case of TE671 cells, the lowest IC59 was observed at the time point of 72 h and
was calculated at 0.629 + 1.31 mg/mL. The ICs values for 24 and 48 h were calculated at
0.820 £ 1.38 mg/mL and 1.044 & 1.22 mg/mL, respectively (Figure 4A). For the A172 cell
line, the lowest ICsy was calculated at 0.482 = 0.98 mg/mL 48 h after treatment. The ICsg
values for 24 and 72 h were calculated at 1.061 + 1.09 mg/mL and 0.749 + 1.18 mg/mL,

respectively (Figure 4B).
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Figure 4. ICs( of S. aspera extract on TE671 cells (A) and A172 cells at 24, 48 and 72 h (B). The lowest
ICs¢ value for TE671 cell line was 0.629 mg/mL, calculated at 72 h and 0.482 mg/mL for A172 cell
line, calculated at 48 h. Cancer cell viability increases as concentration of the drug decreases.

Various chemotherapeutic agents are available and are currently used to combat
cancer [35,36]. However, due to their high cost and the often-severe associated side effects
their partial or even full replacement is a compelling research objective. Natural products
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are promising substitutes and they are intensively studied for their anticancer activity.
Cases of in vitro experiments in which cells were co-treated with a chemotherapeutic drug
and a natural product have shown that natural products are able to decrease the dose of
the first agent but also to counteract cell damage caused by chemotherapeutics due to
increased reactive oxygen species (ROS) production [37]. In addition, crude extracts of
various plants have been tested as monotherapy in both in vitro and in vivo experiments,
and their cytotoxic activity has been proved [38,39]. These extracts contain a vast number
of active compounds endowered with strong antioxidant activity. Nevertheless, there
is still a controversial debate to clarify the actual role of antioxidants in human cancer
progression. Some studies support the idea that antioxidants desensitize cancer cells against
chemotherapy. On the other hand, many studies acknowledge the beneficial, protective
role of these compounds against cancer and also relate them to a better survival rate [40].

S. aspera cytotoxic activity on glioblastoma has not been previously reported. Thus,
we tried to explain the cytotoxic effect of the extract based on the compounds presented
in abundance, namely rutin and luteolin. Rutin, a glycoside of the flavonoid quercetin, is
of great pharmacological importance as apart its antioxidant activity it possesses among
others also anticancer activity [37,41-43]. For example, rutin, isolated from Dimorphandra
mollis seeds, was studied for its cytotoxic activity against GL-15 glioblastoma cell line. Rutin
when tested at the range of concentrations between 50 and 100 uM caused a dose-dependent
inhibition of growth and proliferation of the treated cells, while the maximum inhibitory
effect was observed at 72 h. Apoptosis and cell cycle arrest at the G2/M phase was proposed
by the authors as the mechanism of action by which rutin exerts its cytotoxic activity [44].
Similarly, [37], examined the effect of rutin alone or in combination with temozolomide
(TMZ) on U87-MG, DS4-MG, and U251-MG glioblastoma cells (concentration range
25-400 pM). Rutin reduced the survival of cancer cells. When cells were treated with
a combination of rutin and TMZ, rutin at a low dose managed to increase the cytotoxic
activity of TMZ. Apart from the in vitro experiments, the same combination of drugs
reduced the volume of the tumor in xenograft mice. The possible suggested mechanism
of action of rutin was that the flavonoid inhibited autophagy and c-Jun N-terminal kinase
(JNK) activity. Moreover, the cytotoxicity of rutin was also examined on CHME cells. The
maximum concentration of the flavonoid used was 20 uM and its cytotoxic activity was
exerted via upregulation of the p53 gene [43].

On the other hand, luteolin, a flavone, also plays an important role in cancer pro-
gression since it influences several signaling pathways. Types of glioblastoma cell lines
including LN229, U251, U251MG and U87MG, have been examined for their sensitivity
against treatment with luteolin. A dose and time-dependent effect of cell viability were
observed after treatment with luteolin at the concentration of 0-80 uM of the flavonoid,
via activation of apoptosis, autophagy, death receptor (FADD) expression, stimulation of
MAPK signaling pathway [45] and interference with cell cycle and EGFR protein [46]. A
similar effect of luteolin was also observed for A172 and U373MG cancer cell lines, in which
200 uM of the flavonoid were needed to decrease cell viability for the first 24 h which was
further decreased at 50 uM for the next 48 and 72 h of treatment [47].

In this study, the extract of S. aspera compounds that do not belong to the flavonoid
family was also identified. Taking into account that the concentration of both rutin and
luteolin in the extract used to estimate cytotoxicity of cancer cells were calculated at
uM levels, which means much lower than those used in the literature, we deduce that
a synergistic effect of all the compounds that the extract contains is responsible for its
cytotoxic activity. Hence, we mention here that apart from flavonoids also, steroidal
saponins have been evaluated for their cytotoxic activity [48]. For example, the cytotoxic
effect of dioscin on C6 rat glioma cells was investigated and it was found that dioscin
enhances the cytotoxicity of treated cells in a dose and time-dependent manner. It also
promotes apoptosis by interfering with the S phase of the cell cycle and blocks the activity
of topoisomerase I due to its antioxidant activity [49].
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Natural products have also been studied for their efficacy against rhabdomyosarcoma
and they have been found to inhibit cancer cell proliferation via various mechanisms [50,51].
However, as regards the extract examined in this study, literature data are limited and
besides neither data of only rutin activity are available. Nevertheless, as it is previously
mentioned, rutin is a quercetin glucoside bearing a rhamnose and a glucose moiety attached
to position 3 of the aglycon. Studies of rutin metabolism demonstrated that the flavonoid is
metabolized by various microorganisms and enzymes of the gut microbiota to quercetin
and quercetin 3-O-glucoside [52,53]. Thus, in the present study, we discuss the effect of
quercetin, a compound used against various types of sarcomas. Quercetin is a flavonol and
its cytotoxic effect has been examined against various osteosarcoma cell lines, followed
by different mechanisms. For example, in the study of [54], quercetin was examined for
its capacity to inhibit the proliferation of a highly metastatic cancer cell line, the 143B
osteosarcoma cell line. It was observed that quercetin at a dose of 10 pM decreases cell
proliferation while at higher doses induces apoptosis, disrupts the cell cycle at the G2/M
phase and inhibits the migration of cancer cells. Similarly, another osteosarcoma cell
line, i.e., HOS and MG63, was evaluated for their sensitivity against quercetin. Similar
results were observed regarding quercetin activity on cancer cells viability and cell cycle
arrest [55]. Methotrexate at high doses is a basic treatment approach for children suffering
from osteosarcoma. However multi-drug resistance in cancer chemotherapy is a quite
common phenomenon and some patients come across methotrexate resistance. For this
reason, [56] examined the effect of quercetin against U2-OS and U2-OS/MTX300 cell lines,
sensitive and resistant respectively to methotrexate treatment. According to their results,
quercetin inhibited cancer cell viability via apoptosis as it diminishes mitochondria activity.
Similar to quercetin, luteolin has also been proven as a potential candidate against sarcomas.
Uterine sarcoma cells, MES-SA /Dx5, were susceptible to luteolin as the flavonoid inhibited
their proliferation in a dose-dependent manner.

Taken together, these data demonstrate the important role of natural compounds in
cancer-fighting. In our study, an A172 glioblastoma and a TE671 rhabdomyosarcoma cell
line were used to investigate the cytotoxic effect of S. aspera extract. Since the presence of
rutin and luteolin was dominant, emphasis was given to the above-mentioned flavonoids
or their metabolites. For both compounds, the concentrations that inhibited cancer cells
growth and proliferation were calculated at 3.46 uM for rutin and 3.39 uM for luteolin.
Considering that both flavonoids can cross the blood-brain barrier, it is important to
extensively study these compounds. Our results are in accordance with the literature data
presented herein and highlight de novo the very important role of natural products for
cancer research. Although the exact mechanism by which the extract induces cytotoxicity
is to be clarified, its strong antioxidant activity as estimated by the DPPH and ABTS assays,
is possibly the key to the extract activity.

4. Conclusions

Chemical analysis of leaves and stems of Smilax aspera was conducted by the LC/Q-
TOF/HRMS analysis. A high number of phenolic compounds and steroidal saponins were
identified. Compounds isoshaftoside, isorhamnetin pentoside-hexoside, luteolin glucoside
and isorhamnetin hexoside are reported for the first time in the genus Smilax. Rutin was
the compound presented in abundance, followed by luteolin. Furthermore, the extract also
showed a high phenolic content and potent antioxidant activity when examined either
with the DPPH or the ABTS assay. The extract also presented a promising antiproliferative
activity against A172 and TE671 cancer cell lines, in a dose and time-dependent manner.
Considering the significance of natural antioxidants and the pharmacologic activity of rutin
and luteolin, S. aspera aerial parts can be used as a defense against free radicals, compounds
that are implicated in numerous diseases, including cancer.
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compounds detected at the ESI(+).
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