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Abstract

Embryonal rhabdomyosarcoma is a soft tissue sarcoma whose resistance to chemotherapies is associated with defective apoptosis or/and
cell cycle. Given that we have reported that the liposoluble extract from the leaves of Nicotiana glauca induces apoptosis in embryonal
rhabdomyosarcoma cells, this research aims to know the molecular mechanism involved, to elucidate the pharmacological potential of the
Nicotiana glauca.

The liposoluble extract from Nicotiana glauca induces apoptosis in rhabdomyosarcoma cells by upregulation PERP gene expression. In
addition, the extract triggers a cellular defense response involving Akt phosphorylation, increasing gene expression of antioxidant enzymes
and possibly increasing mRNA levels of the mitochondrial protein Opa 1, which results in mitochondrial performance improvement.

The results suggest that the liposoluble extract from Nicotiana glauca triggers defense mechanisms involving Akt activation and antioxidant
enzymes in rhabdomyosarcoma cells. However, this response is not sufficient, since the cells die by apoptosis after treatment. These findings

highlight the pharmacological potential of Nicotiana glauca by revealing different molecular targets.
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Introduction

Rhabdomyosarcoma is the most common soft tissue sarcoma
in childhood [1]. Soft tissue sarcomas refer to a group of
cancers that arise in connective and supporting tissues such
as muscles, nerves and blood vessels [2]. Most of these tumors
are located in the head and neck region, genitourinary tract,
and extremities [3]. Childhood rhabdomyosarcoma accounts
for approximately 3.5% of cancer cases in children aged 0-14
years, and 2% of cases among adolescents and young adults
aged 15-19 years. The incidence of this malignancy is 4.5 per
million children [4].

Rhabdomyosarcoma could arise from an alteration in the
regulation of the growth and proliferation of skeletal muscle

precursor cells [5]. Embryonal rhabdomyosarcoma, the tumor
studied here, is the most common subtype [6]. Embryonal
rhabdomyosarcoma presents resistance to chemotherapeutic
drugs, which may be caused by alterations in the ability to
detect or repair DNA damage, or by defects in the induction of
growth arrest in the cell cycle or defects in apoptosis [7].

Apoptosis occurs during development and aging and as a
homeostatic mechanism to maintain cell populations in the
organism. It also acts as a defense mechanism in immune
responses or when cells are damaged by a harmful agent or
disease [8]. PERP (p53 apoptosis effector related to PMP-22) is
a transcriptional target of the p53 protein whose transcription
is induced during apoptosis and not during cell cycle arrest
[9]. The negative regulation of this protein is related to
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the development of different types of cancer [10,11]. Here
we investigate the possible role of PERP in embryonal
rhabdomyosarcoma origin and development.

Since ancient times, plants products have been used for the
treatment of diseases [12,13]. In agreement, investigations
have shown that plant extracts can be used in numerous cancer
treatments. Specifically, the use of plant extracts has shown
effectiveness by abrogating cancer initiation, development,
and progression [14,15]. The use of these natural compounds
instead of synthetic chemotherapeutic drugs is an alternative
since they are environmentally sustainable and lack adverse
side effects [16].

The Solanaceae Nicotiana glauca (N.g.) has been used to treat
swellings, bruises, cuts, boils, inflamed throats, swollen glands,
and jaundice [17]. Components obtained from the leaves
of the plant N.g., exert an apoptotic effect on embryonal
rhabdomyosarcoma cells [16]. However, the full molecular
mechanism involved is not known.

Normally, cells respond to stressful and damaging effects by
activating survival signaling pathways as a rapid response to
reverse this situation. However, if stressful conditions persist,
such a survival response cannot be sustained, and the cells
eventually die [18].

The PI3K/Akt/mTOR (phosphatidylinositol 3-kinase/ protein
kinase B/ mammalian Target of Rapamycin) pathway is a potent
mediator of cell survival signals. Constitutive activation of
PI3K/Akt-mediated signaling is observed in a variety of human
cancers including rhabdomyosarcoma and is found to play a
central role in the tumor formation and progression [19]. The
phosphorylated expression of Akt protein varies as a cellular
response to apoptotic agents such as H,0,. An increase in Akt
phosphorylation/activation has been seen when different
malignant cell lines are exposed to H.O_, it confers protection
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against apoptosis induced by oxidative stress [20].

In addition to the basal activation of the Akt pathway,
rhabdomyosarcoma has other mechanisms that favor its
survival and progression. Overexpression of anti-aging
genes such as Sirtuin 1 (Sirt 1) has been observed in soft
tissue sarcoma cell lines, including RD, and its expression
is crucial in the survival of sarcoma cells [21]. In relation to
this work, a relation between Sirtuins and Akt signaling [22]
has been demonstrated. Because of this, it is necessary to
find alternatives to stop the development and progression
of rhabdomyosarcoma, probably involving both signaling
systems.

We observed morphological changes in the embryonal
rhabdomyosarcoma cell line during the apoptosis process as
a consequence of treatment with extracts from N.g. [16]. It is
known that, during apoptosis, mitochondria undergo major
structural changes including fragmentation and remodeling

of their cristae [23], which fuse together and their junctions
widen allowing the release of cytochrome c. Mitochondrial
morphological changes are normally controlled by a precise
balance of fusion and fission, regulated by a family of
mitochondrial proteins such as Mitofusin 1 and 2 (Mfn 1 and
Mfn 2) and optic atrophy protein 1 (Opa 1) [24]. Furthermore,
dysfunction of Opa 1 has been linked to the overproduction
of reactive oxygen species and imbalanced redox homeostasis
[25,26]. In view of the above lines of evidence, here we
investigate the possible role of Opa 1 in the apoptosis of
rhabdomyosarcoma cells.

Based on our previous experience with the C2C12 cell line
and N.g. extracts and their subfractions, the intention of the
present work is to determine if the N.g. extracts exert any
effect on RD cells. As a first analysis, we investigate the effects
of the liposoluble extractfrom N.g.onrhabdomyosarcoma
cellsinrelation to apoptosis; going deeper on the molecular
mechanism involved. Focusing on protein and gene
expression, as well as defense mechanisms against the
apoptosis induced by N.g. extracts. In addition, possible
alterations in the rhabdomyosarcoma cell cycle caused by
the Solanaceae were evaluated. This information will allow us
to know the pharmacological potential from N.g. extracts for
future therapeutic strategies against rhabdomyosarcoma.

Materials and Methods
Materials

Anti phospho-Akt (Ser 473) rabbit polyclonal antibody was
purchased from Cell Signaling Technology, Inc. (Danvers, MA,
USA), Anti GAPDH (G9) mouse monoclonal antibody was
purchased from Santa Cruz Biotechnology Inc. (Santa Cruz,
CA, USA).

Alexa Fluor 488-conjugated anti-mouse secondary antibody
was purchased from Thermo Fisher Scientific (Rockford, IL,
USA). High Pure RNA Isolation kit (11828665001) was from
Roche Diagnostics (Mannheim, Germany). High Capacity
cDNA Reverse Transcription Kit (4368814) and SYBR® Select
Master Mix were purchased from Applied Biosystems and
primer sets were from Invitrogen (Carlsbad, CA, USA). All other
reagents used were of analytical grade.

Cell culture

RD cellline (ATCC-CCL-136), American Type Culture Collection.
Primary embryonal rhabdomyosarcoma cell line from a seven-
year-old female individual. RD were cultured in Dulbecco's
Modified Eagle Medium (DMEM) supplemented with 10%
fetal bovine serum (FBS) and 1% penicillin-streptomycin at
37°C with 5% Co,. Cultures are maintained on fresh medium,
replicated at 80% confluence or, if replacing is not necessary,
supplemented with fresh medium every 72hs.
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Treatment

The treatments were performed with 70-80% confluent
cultures in medium without serum for 20 min. Next, cells were
exposed to the liposoluble extract from N. g. (1:1000 dilution
in DMEM without serum) or were treated with the vehicle
[0.001 % isopropanol (IPA, control)] at the timesindicated.

Extraction of lipid extract from Nicotiana glauca

Nicotiana glauca plant specimens were collected from their
natural habitat in Bahia Blanca, Buenos Aires, Argentina and
were grown under greenhouse conditions. Plant specimens
were identified by comparison with the Carlos Villamil
herbarium specimen (N° 9348). It is found in the Herbarium of
the Department of Biology, Biochemistry, and Pharmacy (BBB),
Universidad Nacional del Sur, (8,000) Bahia Blanca, Argentina.
Plant name was checked with the online website of The
International Plant Name Index (IPNI), accessed in May 2019.
An herbarium voucher specimen was kept at the Herbarium of
the Department of Biology, Biochemistry and Pharmacy (BBB),
Universidad Nacional del Sur.

The lipid extracts from N.g. leaves were obtained following
essentially the method of Bligh and Dyer [27]. Briefly, the leaves
(10 g) were washed with double distilled water and then frozen
with liquid nitrogen to grind the tissue to a powder. Then, the
powder was homogenized with chloroform-methanol (1:2,
v/v; 3.6 ml/g). The samples were further homogenized twice
for 30 seconds: the first for 30 seconds with chloroform and
the second for the same time with the addition of double
distilled water (1.2 ml/g of tissue in each case). The final
homogenate was centrifuged for 20 min, at 10,000 rpm (4,300
x g) in a refrigerated Sorvall centrifuge with SS-34 rotor (Du
Pont, Delawere, USA). The lipid-soluble lower phase was
collected and evaporated under a constant stream of N, at
35°C. For subsequent assays, this fraction was resuspended in
isopropanol 2.5mg/5mL or stored at-70°C. This methodology
is developed in our laboratory and is for routine use. Moreover,
in our previous work we analyzed the composition of the N.g.
extract and the effects of the compounds more relevant on
mammalian cells, such C2C12 cell line [18,28].

Western blotting analysis

Cell cultures were scrapped and resuspended in lysis buffer
(50 mM Tris-HCl, pH 7.4, 150 mM, NaCl, 0.2 mM Na2VO04, 2
mM EDTA, 25 mM NaF, 1 mM PMSF, 20 mg/mL leupeptin, and
20 mg/mL aprotinin). The protein content was quantified by
the Bradford procedure [29]. Protein samples (25 pg) were
mixed with sample buffer (400 mM Tris-HCI (pH 6.8), 10%
SDS, 50% glycerol, 500 mM dithiothreitol (DTT), and 2 mg/ml
Bromophenol Blue), boiled for 5 min and resolved by 10% SDS-
PAGE according to the method of Laemmli [30]. Fractionated
proteins were electrotransferred to polyvinylidene fluoride
membranes (PVDF) (Immobilon-P; Millipore, Darmstadt,

Germany), using a semi-dry system. Non-specific sites were
blocked with 5% non-fat dry milk in PBS containing 0.1%
Tween-20 (PBS-T). Blots were incubated overnight with the
appropriate dilution of the primary antibodies. The membranes
were repeatedly washed with PBS-T before incubation with
horseradish peroxidase-conjugated secondary antibodies.
The enhanced chemiluminescence (ECL) blot detection
kit (Amersham, Buckinghamshire, England) was used as
described by the manufacturer to visualize reactive products.
Relative migration of unknown proteins was determined by
comparison with molecular weight markers. When needed,
membranes were stripped with stripping buffer (62.5 mM
Tris—HCI (pH 6.7), 2% SDS, 50 mM b-mercaptoethanol), washed
with PBS containing 1% Tween-20 and then blocked for 1
hour with 5% non-fat dry milk in PBS-T. The blots were then
incubated with the corresponding primary antibody. After
several washings with PBS-T, membranes were incubated with
secondary antibodies. The corresponding immunoreactive
bands were developed as before. Relative quantification of
Western blot signals was performed using Image) software
(NIH, USA) [31].

Quantitative real time RT-PCR (RT-qPCR)

After treatments, total RNA was extracted using the High Pure
RNA Isolation kit (Roche Diagnostics, Mannheim, Germany)
and approximately 2 ug of total RNA was reverse transcribed
with the High Capacity cDNA Reverse Transcription Kit (Applied
Biosystems Inc., CA, USA) according to the manufacturer’s
instructions. The RNA and cDNA purity has been checked
by the measurement of 260/280 nm ratio. Quantitative
measurement of real-time PCR was done using SYBR Select
Master Mix under the standard conditions recommended by
the manufacturer. Primer sets to amplify human cDNAs used
in the analysis were as follows: glycer- aldehyde 3-phosphate
dehydrogenase (GAPDH) set: forward 5- TGC ACC ACC AAC
TGCTTA GC -3, reverse 5'- GGC ATG GACTGT GGT CAT GAG -3’
; p53 apoptosis effector related to PMP-22 (PERP) set: forward
5'- GTC CTC GCT GTG GTG GAA AT-3; reverse 5'- TCT ACC
CCA CGC GTA CTC C-3, ; manganese-dependent superoxide
dismutase (SOD-2) set: forward 5- TGG AGA ACC CAA AGG
GGA GT-3; reverse 5- TGA GCC TTG GAC ACC AAC AG-3;
isoform 1 glutathione peroxidase (Gpx 1) set: forward 5'- AGT
TTG GGC ATC AGG AGA ACG-3; reverse 5'- AGC ATG AAG TTG
GGC TCG AA-3’; catalase (Cat) set: forward 5'- GTT CAG TGA
TCG GGG GAT TC-3; reverse 5'- TGA TGC CCT GGT CAG TCT TA-
3’ optic atrophy protein 1 (Opa 1) set: forward 5'- AGC CAGTCC
AAG CAG GAT TC-3; reverse 5'- TGC TTT CAG AGC TGT TCC CT-
3’ The specificity of PCR products was confirmed by melting
curve analysis. Relative quantification of gene expression was
determined by the comparative CT method 224[32,33].

Cell cycle analysis

Cells were harvested after treatments and then centrifuged
at 1000 rpm for 10 minutes. Cells were fixed by adding 70%
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ethanol into the cell pellets and incubated at -20°C for two
hours minimum. The pellets were washed with 1X PBS to
remove ethanol. Finally, after centrifuging the cells for 10
minutes at 1000 rpm, BD Pharmingen™ PI/RNase staining
buffer was added, according to the instructions of the
manufacturer, and cell cycle analysis by flow cytometry was
performed.

Immunocytochemistry

After treatments, semi-confluent (60-70%) monolayers
were washed with serum-free DMEM, and then fixed and
permeabilized for 20 minutes at -20°C with methanol. After
fixation, cells were rinsed three times with PBS. Non-specific
sites were blocked for 60 minutes in PBS that contained
5% bovine serum albumin. Cells were incubated with
appropriate primary antibodies (1:100 dilution) overnight at
4°C. The primary antibodies were recognized by fluorophore-
conjugated secondary antibodies. Finally, the coverslips were
analyzed by conventional fluorescence microscopy.

Statistical analysis

Data analysis was performed using standard statistical
packages (InfoStat System, Cérdoba, Argentina) [34]. Results
are shown as means * standard deviation (S.D.) of not less than
three independent experiments. The data were considered
statistically significant when p<0.05 or p<0.01.

Results

The liposoluble extract from N.g. upregulates PERP
expression

Apoptosis is a type of cell death highly regulated at the
genetic level [35]. In our previous works, we have shown

that the extract from N.g. induces anincreasein PUMA (p53
upregulated modulator of apoptosis) mRNAlevels, a gene
associated with apoptosis, in myoblast cells [18]. Since PUMA
is upregulated by p53, here we investigated PERP expression,
another target of p53 [9].

We studied the effect at the gene level of the liposoluble
extract from N.g. in RD cells at different times. A significant
increase in PERP mRNA levels with respect to the control after
two hours of treatment (286,7 % + 78.1), was observed (Figure
1).

Effects of liposoluble extract from N.g. in cell cycle of RD
cells

Propidium iodide is one of the dyes that can intercalate into
DNA and thus produce a fluorescence signal proportional to
theamountof DNA, detected by flow cytometry. Consequently,
the measurement of fluorescence intensity per cell allows the
discrimination of cells in the various phases of the cell cycle (GO
/G1, S, G /M) [36]. Apoptotic cells show a broad hypodiploid
(Sub-G0) peak, which can be easily discriminated from the
narrow peak of cells with normal DNA content (diploid) [37].
Our results showed that, after two hours of treatment with the
liposoluble extract from N.g., the number of cells in the sub-GO
phase increased by 49.7 % + 18.3, and the percentage of cell
population in the mitotic G2/M phase decreased by 39.7% +
2.9, with respect to the control in RD cells (Figure 2).

Liposoluble extract from induces Akt

phosphorylation

N.g.

As mentioned above, the PI3K/Akt/mTOR signaling pathway
is a potent mediator of survival signals. This pathway has
been suggested to be involved in the regulation of cancer cell
proliferation and apoptosis [38,39].
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Figure 1. The liposoluble extract from N.g. upregulates PERP mRNA levels in RD cells. Cells were treated with vehicle in DMEM without
fetal bovine serum [0.001% isopropanol (IPA, control)] (C); or with liposoluble extract from N.g.in DMEM medium without fetal bovine serum
(1:1000 dilution) for 1 hour (1 h) and 2 hours (2 hs). The samples obtained were used in RT-qPCR assays to assess PERP mRNA levels, which
were normalized to the expression level of GAPDH. The comparative 222 method was used for relative quantification of gene expression.
Bars are means of three independent determinations + SD; *p<0.05 or ** p<0.01 with respect to the control.
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Figure 2. The liposoluble extract from N.g. increases the sub-GO phase and decreases the G2/M phase in the RD cycle. RD cells were
treated with vehicle in DMEM without fetal bovine serum [0.001%isopropanol (IPA, control)] (C); or with liposoluble extract from N.g. in
DMEM medium without fetal bovine serum (1:1000 dilution) for 2 hours (2 hs). The phase population was expressed as a percentage with
respect to the control. Bars are means of three independent determinations + SD; *p<0.05 or ** p<0.01 with respect to the control.

We first evaluated, by immunocytochemistry assay, the
rapid phosphorylation/activation of Akt kinase in response
to exposure to N.g. extracts for 15 and 30 minutes. Figure 3
shows a phosphorylation/activation of Akt in response to the
treatment.

In order to confirm the immunocytochemistry, using western
blotting we evaluated the phosphorylation of Akt when
exposed the RD cells to liposoluble extract from N.g. for 1, 2,
and 4 hours. The treatment induced a significant increase in
Akt phosphorylation after 2 and 4 hours with respect to the

control (52.13% + 11.1 and 61% * 9.9 respectively (Figure 4).

The liposoluble extract from N.g. modulates the gene
expression of antioxidant enzymes in RD cells

In view of that, the liposoluble extract from N.g. induces
apoptosis and that we have shown activation of Akt as a
possible defense response to the cellular stress generated
by the extract, now we evaluated the gene expression of
antioxidant enzymes in response to the extract as another
defense way of the tumoral cell.

p-Akt

Control

15 min FL 30 min

Figure 3. Liposoluble extract from N.g. induces Akt phosphorylation in RD cells. Cell cultures were treated with vehicle in DMEM without
fetal bovine serum [0.001% isopropanol (IPA, control)] (Control); or with the extract from N.g. in DMEM medium without fetal bovine serum
(1:1000 dilution) for 15 minutes (15 min) and 30 minutes (30 min). Cells plated on coverslips were analyzed by immunocytochemistry using

an anti-phospho Akt antibody (Ser 473) followed by incubation with a secondary antibody conjugated to a fluorophore (green fluorescence).
20X magpnification.
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Figure 4. The liposoluble extract from N. g. induces phosphorylation of Akt in RD cells. The cells were treated with vehicle in DMEM
without fetal bovine serum [0.001% isopropanol (IPA, control)] (C); or with the extract from N.g. in DMEM medium without fetal bovine serum
(1:1000 dilution) for 1 hour (1 h), 2 hours (2 hs), and 4 hours (4 hs). Cell lysates were subjected to Western blot analysis using anti-phospho Akt
antibody (Ser 473). The GAPDH protein was used as a loading control. The results were quantified by densitometry. Bars are means of three
independent determinations + SD; *p<0.05 or ** p<0.01 with respect to the control.

The cell line under study was subjected to RT-qPCR assays,
previously described, to evaluate possible changes in the
levels of mRNA expression of antioxidant enzymes.

Manganese superoxide dismutase (Mn-SOD or SOD 2) is
part of the three isoforms found in mammals. Superoxide
dismutase catalyzes the conversion of the superoxide radical
to hydrogen peroxide, preventing oxidative damage in the cell
[40]. An increase with respect to the control in the expression
level of SOD 2 mRNA was observed in RD cells in response
to the liposoluble extract from N.g. The mRNA expression
increased by 738.2% + 109.4 after 1:30 hours of treatment
(Figure 5A).

Catalase (Cat) and Glutathione peroxidase (Gpx) are also
studied here. SOD (superoxide dismutase) is the first line of
defense against these reactive oxygen species and hydrogen
peroxide generated is further reduced to H,0 by Cat or Gpx
[41]. Gpx 1 is the isoform studied in this research work, which
is found ubiquitously in the cytosol and mitochondria. Figure
5B shows a significant increase with respect to the control in
Gpx 1 mRNA levels. The mRNA expression increased by 23.4%
+ 3.6, 76.2% + 5.3, and 127.8 % + 26.3 after the RD cell line
was treated as before with the extract from N.g. for 1, 2, and 4
hours respectively.

Figure 5C shows the gene expression levels of catalase. The
behavior of this enzyme after treatments is similar to that
of the other antioxidant enzymes studied here, tending to
increase its expression.

The liposoluble extract from N.g. upregulates Opa 1
expression

As was described, in previous work we observed
morphological changes, involving mitochondria, as a
consequence of treatment with extracts from N.g. in the
embryonal rhabdomyosarcoma cell line [16].

In mammalian cells, mitochondrial fusion requires the
activity of three dynamin-related GTPases: Mfn1, Mfn2, and
Opa 1 [42]. Opa 1 is a protein present in the mitochondrial
intermembrane space, closely associated with the inner
mitochondrial membrane [43].

Opa 1 gene expression was determined by RT-qPCRin RD cells
treated with the liposoluble extract from N.g. The preliminary
results obtained showed a trend towards increased expression
of the gene after 1, 2, and 4 hours of treatment (Figure 6).
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Figure 5. Extract from N.g. upregulates SOD 2, Gpx 1, and Cat mRNA transcript levels in RD cells. Cells were treated with vehicle in
DMEM without fetal bovine serum [0.001%isopropanol (IPA, control)] (C); or with liposoluble extract from N.g. in DMEM medium without
fetal bovine serum (1:1000 dilution) for 1 hour (1 h), 1:30 hours (1:30 hs), 2 hours (2 hs), and 4 hours (4 hs). The samples obtained were
used in RT-gPCR assays to assess SOD 2(A), Gpx 1 (B) y, Cat (C) mRNA levels, which were normalized to the expression level of GAPDH. The
comparative 222% method was used for relative quantification of gene expression. Bars are means of three independent determinations +
SD; *p<0.05 or ** p<0.01 with respect to the control.
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Figure 6. Extract from N.g. upregulates Opa 1 mRNA transcript levels in RD cells. Cells were treated with vehicle in DMEM without fetal
bovine serum [0.001% isopropanol (IPA, control)] (C); or with liposoluble extract from N.g. in DMEM medium without fetal bovine serum
(1:1000 dilution) for 1 hour (1 h), 2 hours (2 hs), and 4 hours (4 hs). The samples obtained were used in RT-gPCR assays to assess Opa 1 mRNA
levels, which were normalized to the expression level of GAPDH. The comparative 2-22“method was used for relative quantification of gene
expression. Bars are means of three independent determinations + SD; *p<0.05 or ** p<0.01 with respect to the control.
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Discussion

Cancer is considered as a major cause of death worldwide
[44]. There are new antineoplastic therapies that increase
survival rates, at the same time they are also associated with
the appearance of unwanted effects [45]. The search for
alternative therapeutic agents with better patient outcomes
is necessary. The evidence shows that natural products from
plants have been used in cancer treatments [14]. The use
of N.g. in traditional medicine is already known [17]. The
liposoluble extract from N.g. exerts an apoptotic effect on the
RD cell line [16].

PERP is a target gene of the transcription factor p53, which
acts in a signaling cascade regulating cellular responses to
DNA damage by playing a tumor suppressor role by inducing
cell cycle arrest or inducing cell death by apoptosis [9]. It is
noted that down-regulation of PERP gene expression is
associated with the development of several types of cancer
and increased aggressiveness of these cancers [10,11,46].
There is evidence that PERP is a p53-dependent mediator
of apoptosis in cells such as thymocytes, neurons, and uveal
melanoma cells [47]. Studies in murine muscle cells showed
an increase in PERP mRNA levels after induction of apoptosis
with H,O, [48]. Here, we demonstrated an increase in PERP
gene expression, specifically after two hours of treatment with
the extract from N.g., demonstrating the involvement of the
p53-dependent apoptotic pathway in the effects observed.

To further evaluate the molecular mechanism involved in
apoptotic action of the liposoluble extract from N.g., the
RD cell cycle was analyzed by flow cytometry. Extracts from
various medicinal plants can modulate the sub-G0/G1 and
G2/M checkpoints of the cell cycle causing an antiproliferative
cellular effect [49]. After two hours of treatment with the
extract, we observed an increase in the percentage of cells in
the sub-GO phase, compatible with cells in the process of cell
death, confirming the apoptotic effect of extract from N.g. We
showed a significant decrease with respect to the control in the
G2/M phase corresponding to actively dividing cells, under the
treatment with the extract. Thus, the extract from N.g. alters
the RD cell cycle by increasing the population undergoing cell
death and causing a decrease in the proportion of cells that
can divide during mitosis.

One of the features of rhabdomyosarcoma is its evasion of
apoptosis. There is wide evidence that the PI3K/Akt/mTOR
pathway is aberrantly activated in rhabdomyosarcoma and
a variety of human cancers, playing a central role in tumor
formation and progression [19]. When the C2C12 cell line, a
non-tumor myogenic cell line, is exposed to an apoptosis-
inducing agent such as H,0,, activation of mitogenic signaling
pathways such as PI3K/Akt occurs during early exposure
times to defend against the apoptotic stimulus. Eventually,

this activation declines and C2C12 cells undergo apoptosis

[48]. Our findings suggest a similar behavior in RD cells by
demonstrating phosphorylation of the Akt after two hours
of treatment with the extract from N.g. As mentioned, Akt is
involved in survival events and the apoptosis regulation. As a
consequence, differentmoleculartargets related to cell survival
are activated, and pro-apoptotic factors are inactivated [48].
The PI3K/Akt pathway has been reported to be involved in
the phosphorylation of Nrf2 (nuclear factor erythroid-related
factor 2), a transcription factor that promotes the transcription
of several antioxidant genes and is activated in response to
cellular attack and/or phosphorylation of protein kinases [50-
52], thus promoting cell survival. It has been reported that
Cat, SOD, and Gpx 1 enzymes are regulated by Nrf-2 [53-55].
Under conditions of cellular oxidative stress, this transcription
factor is directed towards the nucleus where it initiates the
transcription of antioxidant genes, an action facilitated by
the phosphorylation of Nrf-2 by several kinases sensitive
to oxidative species. The results presented here suggest
the involvement of Akt in the regulation of antioxidant
enzymes in rhabdomyosarcoma cells. Akt is phosphorylated
and activated after two hours of exposure to the apoptotic
stimulus, directing the gene transcription of Gpx-1, SOD 2
and Cat probably through the phosphorylation of the nuclear
transcription factor Nrf-2. Further studies are necessary to
confirm this mechanism.

Opa 1 is a protein found in the intermembrane space closely
associated with the inner mitochondrial membrane [43] and
is involved in the mitochondrial fusion process. Scientific
studies demonstrate that negative regulation of this protein
causes mitochondrial fragmentation and alters the shape of
the cristae [56]. Also, Frezza et al. showed that expression of
Opa 1 in murine embryonic fibroblasts protects these cells
from death induced by apoptotic stimuli, delaying the release
of cytochrome C, without the participation of mitochondrial
mitofusins [57]. We demonstrated an increase in Opa T mRNA
levels after treatment with the extract from N.g. It is suggested
that embryonal rhabdomyosarcoma cells attempt to defend
themselves against the apoptotic stimulus by elevating Opa 1
levels to maintain mitochondrial integrity.

Conclusions

The data presented here reveal part of the molecular
mechanism, inducing apoptosis, triggered by the extract from
N.g.inRD cells.The results show that, as early response, RD cells
attempt to defend against the N.g. effects, by activating the
PI3K/Akt signaling pathway and increasing gene expression of
antioxidant enzymes and, possibly, mitochondrial protein Opa
1.However, these events are not sufficient to rescue embryonal
rhabdomyosarcoma cells from cell death, since we observed
an increase in the levels of mRNA of the proapoptotic protein
PERP, as well as an increase in the percentage of cells in the
RD cell cycle with low DNA content corresponding to cells in
apoptosis, after treatments.
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The information provided in this research yields possible
molecular targets as a therapeutic strategy and highlights
the pharmacological potential of N.g. Further studies are
needed to fully elucidate the mechanism of action by which
N.g. produces apoptosis in RD cells. We will aim to deep in
these studies by searching for new molecular targets, for
example, the participation of the anti-aging gene Sirt 1. This
belongs to a family of deacetylase enzymes, acting on p53,
thus interfering in the apoptosis process [58]. It has been seen
that the inhibition of Sirt 1 has an antiproliferative effect in
rhabdomyosarcoma cells and the expression of this gene is
crucial for the survival of this neoplasia [21], so it is interesting
to investigate the effect of N.g. on Sirt 1 in RD cells. In addition,
Sirt 1 regulates other anti-aging genes, and its inactivation is
related to metabolic diseases [59]. The positive regulation of
this gene can occur simply by consuming a low-calorie diet
[60], a behavior that could be complemented with treatment
from N.g. In this way, in the future, we could have an effective
therapeutic strategy against rhabdomyosarcoma, based on
healthy habits and natural compounds.
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