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KEYWORDS Abstract The medicinal plant Luffa operculata (L.) Cogn. has therapeutic properties in the
Cucurbitacin B; treatment of sinusitis, rhinitis and abortifacient conditions. Ethnopharmacological studies report
MTT; that the antitumor potential can be attributed to the presence of cucurbitacin-like compounds in
Micronucleus; the plant. This study consisted of measuring cucurbitacin in different L. operculata extracts, evalu-
Anticancer ating the antiproliferative and genotoxic activity of the extracts and the isolated substance in gastric

cancer cells line, and evaluating the possible mechanism of action. The extracts were obtained by
maceration, and both the acquisition of the chemical profile of the extracts and the determination
of cucurbitacin were performed by high-performance liquid chromatography (HPLC). For the iso-
lation of cucurbitacin B, column chromatography was used, and molecular identification was car-
ried out by Nuclear Magnetic Resonance (NMR). The MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide) assay evaluated the antiproliferative activity, and the genotoxic
activity was determined by the micronucleus method with cytokinesis blocking. The investigation
of the possible mechanism of action was carried out by molecular docking. All tested samples
caused cell death in a dose-dependent manner, but the fruit extracts were more selective for the
ACPO02 gastric cancer cells line than the isolated substance. The micronucleus results did not show
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that genomic instability reflects the greater cytotoxicity of the fruit ethanoic extract (EEF). In addi-
tion, the EEF proved to be the most selective for ACP02. The docking results showed that the iso-
lated substance favorably inhibited the Janus kinase family proteins JAK1 and JAK?2. The present
work demonstrated that the use of ethanol extract can be a good alternative to fight gastric cancer.
© 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

In Brazil, there are botanical records in the flora of Para, Ama-
zonas, Maranhdo, Rio de Janeiro and Minas Gerais of Luffa
operculata (L.) Cogn., which is an angiosperm and dicotyle-
donous plant of the Cucurbitaceae family. It is distributed
throughout the Americas, and there are distribution records
in Mexico, Venezuela, Costa Rica, El Salvador, Guatemala,
Panama, Nicaragua, Peru, Ecuador, Colombia, Guyana, Suri-
name and Brazil (Tropicos.org, 2020). It is popularly known as
buchinha, cabacinha, and buchinha-do-norte and is used in
folk medicine to treat sinusitis and rhinitis as well as an abor-
tifacient (Alves et al., 2018). Fruit extracts generally indicate
the presence of flavonoids, tannins, saponins, steroids and/or
triterpenoids (Brock et al., 2003).

The Cucurbitaceae family is rich in cucurbitacins, which
belong to the class of triterpenes and comprise a wide class
of natural products from the secondary metabolism of several
organisms, among which plants stand out as their major pro-
ducers. Due to the wide variety of triterpenes, they are grouped
into subclasses according to similar structural characteristics,
which leads to a better systematic structural chemical charac-
terization (Silva et al., 2020). Cucurbitacins are characterized
as triterpenoids with a tetracyclic nucleus of highly oxidized
cucurbitan. They are well known for their bitterness and toxi-
city, in addition to having pharmacological activities such as
antitumor, anti-inflammatory and hepatoprotective effects
(Chen et al., 2005; Chen et al., 2012).

Curcubitacin B, a triterpene isolated from the plant, has
shown good results of antitumor activity as it acts on proteins
of the Janus kinase family, which are mainly expressed in
tumor cells and has a direct relationship with the apoptosis
of these cells when inhibited (Yar-Saglam et al., 2016).

Promising results for cancer treatment have been observed
in research with medicinal plants. There is evidence of the anti-
tumor activity of cucurbitacins in lung, liver, breast, and pros-
tate cancer (Garg et al., 2018), and this anticancer activity
occurs from several antiproliferative mechanisms, such as the
inhibition of cell migration and invasion capacity, stimulation
of death by apoptosis, promotion of cell cycle arrest and pro-
duction of signaling pathway inhibitors (Cai et al., 2015).

In silico approaches have been used to investigate the inter-
action between compounds of natural origin and molecular
targets of pharmacological interest (Santos et al., 2021;
Oliveira et al., 2020; Araujo et al., 2020; Costa et al., 2020).
Therefore, molecular docking was used to assess the interac-
tion of cucurbitacin B with JAK1 and JAK?2 proteins. These
proteins were selected because they are related to the JAK/
STAT pathway, which is associated with the promotion of cell
life (Yar-Saglam et al., 2016; Garg et al., 2018). Studies report-
ing the anticancer activity of cucurbitacins in gastric cancer
cells are considered insufficient (Zhang et al., 2018). Therefore,

the aim of this study was to measure the major metabolites of
L. operculata extracts, evaluate the antiproliferative activity of
the extracts and the isolated substance in gastric, normal and
cancer cells, and evaluate the genotoxic activity of the most
promising extract and the isolated substance as well as its pos-
sible mechanism of action.

2. Materials and methods
2.1. Experimental procedures

2.1.1. Plant material and extraction procedure

The fruits of Luffa operculata (Fig. 1) were collected in Soure-
PA, Brazil, Lat. 0°72/68"S, Log. 48°50'92"W, in the month of
august 2016, and confirmation of botanical identification was
performed by depositing a witness sample in the herbarium
of the Brazilian Agricultural Research Corporation
(EMBRAPA) under registration IAN194413. The fruits were
washed with water, sanitized, and separated from the seeds.
The materials were dried to a constant weight and then
crushed.

The crushed fruits and seeds of L. operculata were macer-
ated with 70% H,O:EtOH (3:7, water:ethanol, v/v) (Dynam-
ics, BRA) and MeOH (methanol 100%) (Merck S/A, DE)
for 144 h to obtain the extracts, which was performed three
times. After the maceration period, simple filtration was per-
formed, and ethanol and methanol solutions were obtained.
The solutions were evaporated under reduced pressure in
rotaevaporador (40 °C), from which methanol fruit extract
(EMF), ethanol fruit extract (EEF), methanol seed extract
(EMS) and ethanol seed extract (EES) were obtained.

2.1.2. Chromatographic profile of extracts

The extracts of L. operculata were analyzed by quaternary
pump high-performance liquid chromatography (HPLC - Alli-
ance €2695, Waters) using a C18 Sunfire™ chromatographic
column (150 x 4.6 mm, 5 um), injected with a 20 uL. sample
volume in a linear gradient elution of H,O:ACN (water
Milli-Q® IQ 7003: acetonitrile Merck S/A, DE; v/v, 90:10 to
0:100) in 60 min a flow rate of 1.0 mL/min, and a photodiode
array detector (PAD) length of 210-600 nm, and temperature
of 40 °C.

2.1.3. Isolation of cucurbitacin B of the EEF extract

The EEF (500 mg) was subjected to exclusion chromatography
on Sephadex LH-20 (Merck S/A, DE) using methanol (Merck
S/A, DE) as the eluent in an isocratic system, resulting in four-
teen fractions (1 to 14), which were analyzed by thin-layer
chromatography (TLC) (Merck S/A, DE). Fraction 4
(0.150 g), which had the highest purity, was submitted to chro-
matographic separation by preparative HPLC-PAD Binary
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Fig. 1
3.0 x 5.5 cm).

Pump 1525 (Waters) for isolation using a Sunfire octadecyl
silane (C18) reversed-phase column (19 mm x 150 mm,
5 pum) in the isocratic mode of H,O:ACN (water: acetonitrile,
v/v, 70:30) with a flow rate of 8 mL/min, and it was monitored
at 230 nm at room temperature.

2.1.4. Identification of cucurbitacin B

The nuclear magnetic resonance (NMR) spectra were recorded
on a Bruker Ascend 400 (400 MHz) spectrometer (Karlsruhe,
DE) using the solvent signal (chlorophorme-d;) as a reference.
The chemical shifts are given in delta (3) values, and the cou-
pling constants (J) are given in Hertz (Hz).

2.2. Quantification of cucurbitacin B

2.2.1. Standard solutions

Cucurbitacin B (CB) used in the preparation of the standard
solutions was obtained from the EEF of Luffa operculata by
HPLC isolation (item 2.1.3). The CB stock solution was
diluted in acetonitrile in the linear range of 1 pg/mL to
100 pg/mL for the construction of the calibration curve.

2.2.2. Instrumentation and analytical conditions

The quantification analysis were carried out using a Alliance
€2695 HPLC (Waters) equipped with a photodiode array
detector (PAD) and a SunFire® C18 column (150 x 4.6 mm,
5 um) as the stationary phase, a mobile phase of H;O:ACN
(water: acetonitrile, v/v, 70:30) eluted isocratically for 15 min
and detection at 230 nm, column heater at 40 °C.

2.2.3. Quantification of cucurbitacin B by HPLC

Quantifications of the CB in EMF and EEF extracts were
performed by the standard curve method using the following
equation: [CB, pg/mL][SAMPLE = PA(CB, SAMPLE) —
b/d, where PA(CB, SAMPLE) is area of the CB peak found
in the extracts, b the linear coefficient and & the angular
coefficient of the standard analytical curve. In addition,
the limits of detection (LD) and quantification (LQ) were
calculated as follows: LD = 3 x SD/§ and LQ = 10 x SD/3,
where SD is the white standard deviation and & the
slope of the analytical curve. All analysis was performed in
triplicate.

e

A: Fruit, leaf and stem with tendril of Luffa operculata; B: More detailed image of the fruit of L. operculata (fruit size:

2.3. In vitro experiments

2.3.1. Cell culture

The gastric adenocarcinoma cell line ACP02 was established
from a sample of a tumor removed from the cardiac region of
the stomach from a cancer patient in northern Brazil (Leal
etal.,2009), whereas MNPO1 is a non gastric mucosa cell culture
established from a sample of ten patients without gastric cancer
or any other gastric disease (Maués et al., 2018). These cells were
cultivated in DMEM/F12 medium (Dulbecco/F12 Modified
Eagle Medium/Nutrient Mixture F-12, Gibco, Thermo Fisher
Scientific, USA) supplemented with 10% FBS (Gibco, Thermo
Fisher Scientific, USA) and penicillin (60 pg/mL) - streptomycin
(100 pg/mL) (Gibco, Thermo Fisher Scientific, USA) in a
humidified atmosphere at 37 °C under 5% CO, (CO2 incubator
Laboven, BRA) The experiments were carried out between the
fourth and the tenth passage.

2.3.2. Cytotoxicity assay

Cytotoxicity was evaluated in cells lines ACP02 and MNPO1 in
the concentration range of 0.0019, 0.0039, 0.0078, 0.0156,
0.0312, 0.0625, 0.125 pg/mL for ethanol and methanol fruit
extracts (EMF and EEF) and 1.0, 2.0, 4.0, 8.0, 16.0, 32.0,
64.0 ng/mL for ethanol and metabolic seed extracts (EES
and EMS); on the other hand, for the isolated substance, the
range was from 0.0008, 0.0016, 0.0031, 0.0062 0.0125, 0.025,
0.050 pg/mL, as determined by the MTT colorimetric assay
(Mosmann, 1983). Inhibitory concentrations that decreased
cell viability by 50% (ICsgs,) at 24, 48 and 72 h (I1x10%
0.6x10%, 0.3x10* cells per well, respectively) were evaluated.
The plates were incubated at 37 °C in a humid atmosphere
with 5% CO,. Sample absorbances were measured in a Spec-
traMax i3 multi well scanning spectrophotometer (Molecular
Devices, USA) using a reference wavelength of 570 nm.
1Cs¢e, values were calculated using dose—response curves from
three independent experiments.

2.3.3. Selectivity index (SI)
To calculate the selectivity index (SI), the 1Csqe, of MNPO1
was divided by the ICsp, of ACP02 (Bézivin et al., 2003),

according to the equation:
SI = I(j50(y0 MNPO1 / IC500/0 ACP02
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2.3.4. Cytokinesis-block micronucleus - CBMN

The MNPO1 cell line was incubated with two concentrations of
EEF (0.0022 pg/mL and 0.0011 pg/mL) and CB (0.0021 pg/mL
and 0.0011 pg/mL). The ACPO02 cell line was also incubated
with two concentrations of EEF (0.0010 pg/mL and
0.0005 pg/mL) and CB (0.0027 pg/mL and 0.0014 pg/mL) that
is, was used @ ICsqo, and ¥ ICsqo, of 72 h. For the positive con-
trol (CP), 0.2 pg/mL doxorubicin (Sigma, USA) was used.
After 24 h, 3 pg/mL cytochalasin-B (CitB; Sigma, USA) was
added. The samples were treated with a hypotonic solution
of trisodium citrate dihydrate 1% (Merck S/A, DE) and fixed
with methanol (Merck S/A, DE) and acetic acid (Merck S/A,
DE) at a proportion of 5:1 v/v with the addition of 37%
formaldehyde (Merck S/A, DE). Later, the samples were fixed
at a ratio of 3:1 v/v. Fixed samples were stained with 1%
Giemsa (Merck S/A, DE) for 4 min. Finally, the analysis of
the conventional micronucleus was performed using a Leica
DME optical light microscope (Leica Microsystems Inc.,
USA) at 1000X magnification. The analysis was performed
in a double-blind test with three independent experiments.
(Fenech, 2000; Salvadori et al., 2003; Castro et al., 2021).

2.3.5. Statistical analysis

Analyzes were performed using the GraphPad Prism 5.0®
software, the data were evaluated by the Shapiro-Wilk test
and, in view of the result of this analysis, they were trans-
formed to fit the normal curve. P values less than or equal to
0.05 were considered statistically significant. All tests were per-
formed in triplicate. For cell viability assays (MTT), data anal-
ysis was performed using the percentage of inhibition x log of
the concentration; thus, it was possible to determine the ICsqo,
from nonlinear regression, followed by Tukey’s test, with a sig-
nificance level of 95% (p < 0.05). To compare the ICsgo,
between the samples, the ¢ test was used, and for comparisons
of the selectivity index, two-way ANOVA followed by Bonfer-
roni test for multiple comparisons was used. For the micronu-
cleus assay, statistical analysis was performed using one-way
ANOVA followed by Tukey’s test for multiple comparisons.

2.4. In silico methodology

2.4.1. Molecular docking

The molecular structure of cucurbitacin B was designed using
GaussiView 5 software (Dennington et al., 2009). Then, the
molecule was optimized with B3LYP/6-31G* (Becke, 1993)
using Gaussian 09 software (Frisch et al., 2009). To assess
the interaction mode of cucurbitacin B with JAKI and
JAK?2 proteins, the Molegro Virtual Docker (MVD) software
was used (Thomsen and Christensen, 2006; Mascarenhas et al.,
2020; Ledo et al., 2020). For the construction of the complexes,
the crystal structures of the proteins were collected in the Pro-
tein Data Bank using the PDB IDs 3EYH and 6VNK for
JAK1 and JAK2 (Williams et al, 2009), respectively.

3. Results

3.1. Obtaining Luffa operculata

Maceration with organic solvents resulted in the methanol
fruit extract (EMF; 1.167 g), ethanol fruit extract (EEF;
1.199 g), methanol seed extract (EMS; 2.771 g) and ethanol

seed extract (EES;5.974 g). The four extracts presented the fol-
lowing yields: 11.67%, 11.99%, 2.77% and 5.97%.

3.2. HPLC chromatographic profile of extracts of Luffa
operculata and isolation of cucurbitacin B

The chromatographic profiles of the analyzed EMF and EEF
showed similar pattern. The band at a tg of 29.3 min (Apay:
230.1 nm) was observed for the extracts with high intensity,
showing a predominant major compound in the EMF and
EEF, which was identified as the triterpene cucurbitacin B
(Fig. 2). For EMS and EES, no characteristic bands were
detected for cucurbitacin B. Subsequently, the EEF was frac-
tionated, and the compound cucurbitacin B was isolated by
semi-preparative HPLC-PAD mode, giving 38.5 mg of a white
crystalline solid (cucurbitacin B, A, : 230.1 nm).

3.3. Identification of cucurbitacin B

The compound cucurbitacin B (1) was isolated (38.5 mg) in the
form of a white crystal soluble in chloroform and showed max-
imum absorption in UV—-Vis at Ayay 230.1 nm. The '"H NMR
spectrum showed hydrogen signals typical of the triterpenic
skeleton at & H 2.39 (ddd, 2H, H-1), 6 H 1.28 (s, 3H, H-28),
8 H 1.37 (s, 3H, H- 29), 6 H 2.38 (ddd, 1H, H-7a), 6 HH
1.96 (ddd, 1H, H-7b) and & H 2.00 (dd, 1H, H-8), referring
to methyl hydrogens. Signals referring to oxymethine hydro-
gens were found at 8 H 4.41 (dd, 1H, H-2); signals in the region
of olefinic hydrogens were found at 6 H 5.78 (d, 1H, H-5/H-6).
The spectral pattern presented in the "H NMR spectrum is typ-
ical of a substance from the class of cucurbitane triterpenes
(Valente, 2004).

Through '*C NMR analysis, 32 signals referring to carbons
attributed to the structure of (1) were observed, with three sig-
nals referring to C-3, C-11 and C-22 carbonyl carbons with
respective chemical shifts of & C 213.3, 212.1 and 202.3, with
C-3 being adjacent to the OH group. Characteristic carbon sig-
nals of sp>-type C-5/C-6 with & C 140.1 and 120.3 were also
observed. There were also oxymethine carbon signals at § C
71.6 (C-2), 5 C 79.1 (C-20), 6 C 71.0 (C-16) and & C 78.1 (C-
25). For the methyls at positions C-18, C-19, C-21, C-26, C-
27, C-28, C-29, and C-30, the signals were found at 6 C 19.7,
19.9, 23.5, 25.6 26.6, 29.1, 21.1 and 18.7, respectively. In addi-
tion, there were signals referring to methylene carbons at 6 C
35.8 (C-1), 8 C 50.2 (C-4), & C 23.7 (C-7), 6 C 48.3 (C-12), d
C 45.1 (C-15), 6 C 120.1 (C-23) and & C 151.8 (C-24). The
'H and '*C S1 NMR experimental data (Supplementary mate-
rial Figure S1, Table S1) were compared with the literature and
showed complete similarity for cucurbitacin B (Ayyad et al.,
2011).

3.4. Quantification of cucurbitacin B by HPLC

HPLC analysis showed CB were present in the EMF and EEF
extracts as compared their chromatograms (Supplementary
material Figure S2). Thus, quantification of the CB in these
extracts was performed in order to determine CB amount in
pg/mL present in each extract studied. The data (Table 1)
showed that CB are present in large amounts in the EMF
and EEF of Luffa operculata, 44.2 ng/mL and 79.1 pg/mL,
respectively. Furthermore, the adjustments obtained in the cal-
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Fig. 2 Chromatogram obtained by HPLC-PAD of the ethanol extract of the fruit of Luffa operculata. (1) cucurbitacin B.
Table 1 Adjustments obtained for the CB calibration curve and quantification in EMF and EEF extracts.
Curve equation R? LD LQ Range (ug/mL) [CB, pg/mL]gxracts
(ug/mL)
(PA(cg), AU'") = 29216.4 [CB, pg/mL] + 22136.5 0.999 0.03 0.10 1.0 — 100 EMF 44.2 (£0.16)
EEF 79.1 (£0.57)

! Arbitrary Units. Legends: LQ — Limit of Quantification and LD — Limit of Detection.

ibration curve (Fig. 3) showed satisfactory linearity in the
working range with good limits of detection and
quantification.

3.5. Cytotoxicity assay and selectivity index (SI)

The extracts of the fruits of Luffa operculata caused significant
cell death in the two cell lines tested (Table 2) in a dose- and
time-dependent manner. The EMF and EEF were more selec-
tive for the ACP02 cell line, demonstrating greater cytotoxicity
at all times of treatment than the other extracts. The EEF
(Table 2) showed a 50% lower IC in the 48 h exposure for both
the MNPOI (0.00905 pg/mL) and ACP02 (0.00288 pg/mL),
and in the 72 h period for the MNPO1 (0.00444 pg/mL) and
ACPO02 (0.00210 pg/mL), compared to EMF in the same treat-
ment period, thus demonstrating a more cytotoxic activity.
Cucurbitacin B (CB) isolated in this study caused cell death
in a dose-dependent manner, as observed in L. operculata
extracts, but no selectivity was observed for ACP02 (Table 2).
Statistically comparing the EEF 1Csq0, values between the
two cell lines, EEF showed significantly lower cytotoxicity
for MNPO1 and higher cytotoxicity for ACP02 (p < 0.05),
but when comparing the ICsy., CB values between the differ-
ent cell types, it did not there was a statistically significant dif-
ference (p < 0.05), highlighting the biological activity of the
extract, as the cytotoxic concentration was three times lower
for the cancer cells than for the nonneoplastic cells. The selec-
tivity index (SI) corroborates this observation (Supplementary

material Figure S3; Figure S4), as the EEF presented a selectiv-
ity > 3 for the 48 h treatment (SI = 3.14) (Bézivin et al., 2003).

3.6. Cytokinesis-block micronucleus

The micronucleus tests (MNs) showed a statistically significant
difference for the two cell lines (MNP0l and ACPO02) for all
concentrations (of the extract and isolated substance) when
compared to the positive control, and all induced a lower for-
mation of MNs, as shown in Fig. 4. The results for EEF and
CB showed that as the concentration increased, it induced a
small increase in the number of MNs, but there was no statis-
tically significant difference between different concentrations
of EEF and CB.

When comparing the results of MNs from the same samples
(EEF and CB) in proportional concentrations, no statistically
significant difference was observed in the different cells lines
(MNPOI and ACP02) (p < 0.05).

Legend: EEF- ethanol fruit extract; CB- cucurbitacin B.
The MNPOIcell line was incubated with two concentrations
of EEF1 = 0.0022 pg/mL, EE2 = 0.0011 pg/mL, CB1 = 0.
0021 pg/mL and CB2 = 0.0011 pg/mL. In the ACPO2 cell line,
EEF1 = 0.0010 pg/mL, EEF2 = 0.0005 pg/mL, CB1 = 0.0
027 pg/mL and CB2 = 0.0014 pg/mL.

Along with the frequency of micronuclei, the nuclear divi-
sion index (NDI) was evaluated, but the results of EEF ¢ CB
were not statistically significant (p > 0.05; supplementary
material Figure S5).
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Fig. 3  Analytical curve obtained for CB in the linear range from 1 to 100 pg/mL.

Table 2 1ICsp, and SI results of extracts and isolated
substances tested on human cells MNP0l and ACP02 at
different times of treatment.

Time 1Csg0, (ng/mL) SI
MNPO1 ACP02

EMF

24H 0.02229 0.00766 291

48H 0.01737 0.00498 3.49

72H 0.00930 0.00328 2.83

EEF

24H 0.01471 0.00802 1.83

48H 0.00905 0.00288 3.14

72H 0.00444 0.00210 2.11

EMS

24H 30.66 61.98 0.49

48H 15.71 22.49 0.70

72H 14.49 15.60 0.93

EES

24H 6.41 11.18 0.57

48H 5.06 8.69 0.58

72H 2.26 5.56 0.41

CB

24H 0.00978 0.00724 1.35

48H 0.00659 0.00618 1.07

72H 0.00427 0.00548 0.78

Legend: EMF- methanol fruit extract; EEF- ethanol fruit extract;
EMS- methanol seed extract; EES- ethanol seed extract; CB-
Cucurbitacin B; ICsy- inhibitory concentration 50%; SI- selective
index. *p < 0.05 ¢ R? > 0.96.

200
%
2 150
@
s MNPO1
[=]
8 1004 s -
5 ACP02
Z s
0

Z Z 00
oo 00

CB1
CB1
cB2
cB2

EEF1
EEF1
EEF2
EEF2

Fig. 4 Frequency of micronuclei observed in cell lines MNPO1
and ACPO02. * Statistically significant compared to the positive
control in both cell lines p < 0.05;

3.7. Molecular docking

The docking results showed that CB binds favorably, forming
a stable complex with an affinity energy (Moldock Score) of
—123.75 kJ/mol for JAK1, while JAK2 presented an affinity
energy of —148.19 kJ/mol.

Fig. 5 shows the interactions between CB and JAK 1, show-
ing that the main bonds were hydrogen bonds with the amino
acid residues Leu-959, Asp-1021, Glu-883, Gly-962, Ser-963
and Gly-884. Alkyl-type bonds were further visualized with
Leu-1010, Leu-881, Ala-906, Val-938, Val-889 and Arg-1007.
Fig. 6 shows the molecular interactions with JAK?2, revealing
hydrogen bonds with Lys-857, Ser-936, and Leu-932 and
alky-like interactions with Leu-983, Val-911, Ala-880, Met-
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Fig. 5 Molecular interactions established between cucurbitacin B and JAKI.

929, and Val-863. These results confirm that the substance
binds to amino acids of interest for protein inhibition
(Williams et al., 2009; Davis et al., 2021).

4. Discussion

The chemical compositions of the EMF and EEF analyzed by
HPLC-PAD exhibited similarities, with both presenting chro-
matographic bands suggestive of compounds of the triterpene
class, after isolation the majority compound was identified as
CB by NMR.

In the EMS and EES extracts, no characteristic cucur-
bitacin B band was detected in the HPLC-PAD analyses;
therefore, the Luffa operculata seed from the collected sample
did not present in its chemical constitute, the cucurbitacin B
triterpene, corroborating the findings of Lang et al. (2012).
The choice of fruit extracts over seed extracts was due to the
fact that the former presented peaks suggestive of cucurbitacin
B, a substance of interest in this study.

A major band at a tg of 29.3 min, which in the UV spec-
trum (Fig. 2) has a A,y of 230.1 nm, was compared with liter-
ature data, and it is suggested that band 1 (tg: 29.3 min and
Amax: 230.1 nm) contains cucurbitacin B (CB) this information
was confirmed by NMR analysis (Krepsky et al., 2009; Ayyad
et al., 2011; Kaushik et al., 2015). Furthermore, EMF and
EEF presented band 1 as the major constituent.

Analyzed by the chromatographic profile, EMF and EEF
showed CB contents of 79.1 and 44.5 pg/ml in the EEF and
EMF, respectively. Therefore, ethanol is the solvent with the
highest yield in the extraction of CB from Luffa operculata
using the maceration technique, corroborating the findings
by Kaushik et al. (2015) on the efficiency of ethanol as a CB
extraction solvent, therefore, the EEF was used in the fraction-
ation to obtain CB. Additionally, it is known that ethanol has
greater safety for use in humans (Do et al., 2014; USP, 2007).

Given the good cytotoxicity results and the higher yield of
CB in this extract, the EEF was selected to perform the
cytokinesis-block micronucleus assay due to the good IS pre-
sented and taking into account that ethanol was used as an
extraction solvent in the EEF. Therefore, from the fractiona-
tion of EEF and isolation of the CB substance, the cytotoxicity
assay was continued, in addition to a later genotoxicity study.

Cytotoxicity assays are used to screen molecules (Adan
et al., 2016). These assays are related to cell proliferative inhi-
bition, and generally the most common type of cell death that
occurs is the induction of apoptosis. Apoptosis, consisting of
extrinsic and intrinsic pathways, is the main cell death response
to chemotherapy (Chan et al., 2010). Other studies usually
evaluate isolated substances, but this study chose to carry
out a comparison between the precursor extract and the CB;
with this, it was possible to discover greater selectivity in rela-
tion to the extract.
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Fig. 6 Molecular interactions established between cucurbitacin B and JAK2.

One of the characteristics of cancer cells is their great pro-
liferative potential and several signaling pathways that act to
promote the cell cycle; that is, these cells can adapt to high
levels of oncogenic signaling, deactivating their senescence or
apoptosis-inducing pathways (Hanahan and Weinberg,
2011). Therefore, substances that induce cell death by apopto-
sis and cell cycle arrest can be research targets for the treat-
ment of cancer.

The cytotoxic potential induced by extracts containing
cucurbitacins and isolated cucurbitacins has been widely
researched in several cancer cell models, such as lung
(H1975, H820, A549 and H1299) (Feng et al., 2014; Liu
et al., 2019), cervical (CaSki and SiHa) (Sikander et al.,
2016), breast (Dittharot et al., 2019), colon (SW480) (Feng
et al., 2014), hepatocellular (HepG-2) (Ge et al., 2018)
(Huh7) (Liu et al., 2020), prostate (He et al., 2017), ovarian
(SKOV3) (Li et al., 2018), pancreatic (Sikander et al., 2019),
murine intracranial glioma (GL261) (Fujita et al., 2008), mes-
enchymal glioblastoma multiforme (GBM) (Park et al., 2014)
and leukemia (K562) (Chan et al., 2010). A study with CB
and its synthesized derivatives evaluated their cytotoxicity in
HepG-2 cells with ICsgo, values ranging from 0.033522 to
5.743436 pg/ml (Ge et al., 2018). In another study, the effect
of CB on cell proliferation was evaluated in H1975, H820,
A549 and H1299 cells, observing a cytotoxic effect for all four
cell lines, with an ICsge, value between 0.106153 and
2.363301 pg/ml (Liu et al., 2019). The 1Csge, results for cell
types in these studies demonstrated much higher values than

the results obtained in ACP02 and MNPOI (Table 2). This
means that both the extract and CB induced greater cytotoxi-
city in the gastric cells studied, generating research potential
promise for a possible chemotherapy treatment for gastric
cancer.

A study (Liu et al., 2017) with gastric cancer cells
(SGC7901 and SGC7901/DDP) resulted in high cytotoxicity
with 1Csge, values of 0.095 and 0.121 pg/mL; however, the
ICsg0,, of the fruit extracts and cucurbitacins in the present
study demonstrates a ten times greater cytotoxicity (Table 2).
In another study, the antiproliferative effect of CB in the non-
neoplastic gastric lineage (GES-1) and neoplastic gastric lines
(MKN-74, BGC823, SGC7901 and MGC803) was compared,
and the induction of cytotoxicity in neoplastic cells was
observed with an ICsge, of 0.0626 at 0.205 pg/mL, exhibiting
a dose-dependent inhibitory effect and being more selective
in cancer cells (Xu et al., 2020). Therefore, this study corrobo-
rates the findings of the current research, as greater selectivity
was also observed in the gastric cancer cell line, but only in the
EEF and EMF results. Another pathway associated with the
cytotoxic activity of cucurbitacins is the inhibition of STAT3
phosphorylation, which impacts the low expression of genes
such as c-Myc and Bcl-xL, resulting in the growth inhibition
effect attributed to cell cycle arrest in the G2/M phase and
induction of apoptosis (Chan et al., 2010; Xu et al., 2020).

The micronucleus results from unrepaired genomic dam-
age, and it is known that damage such as this can cause cell
cycle arrest as well as apoptosis and accumulate mutations in
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the genome (Tian et al., 2015; Sylvia et al., 2018). In the pre-
sent study, the highest concentrations of EEF (MNPOI:
0.0022 pg/mL and ACP02 0.0010 pg/mL) and CB (MNPOI:
0.0021 pg/mL and ACP02 0.0027 pg/mL) induced a small
increase in the formation of MNs in the two cell lines evalu-
ated but without statistical significance. The results of MNs
do not show that genomic instability reflects the greater cyto-
toxicity of EEF, it is believed that the concentrations tested
were not sufficient to induce the formation of micronuclei, or
the second hypothesis is that if a genomic instability was really
induced, the Cell repair mechanisms were efficient before the
new cell cycle was concluded, it is noteworthy that the
micronucleus only forms if an irreparable DNA break occurs
(Fenech, 2020). Also in this assay, the result of the nuclear
division index did not show that EEF or CB had cytostatic
activity at the concentrations tested.

For the docking study, the choice of target was based on the
fact that previous studies stated that CB has the ability to inhi-
bit proteins from the Janus kinase family (Yar-Saglam et al.,
2016). Alghasham (2013) reported that cucurbitacins can
induce apoptosis of a series of human cancer cells, such as leu-
kemia, lymphomas, liver, breast, lung, pancreas and colon, and
this effect is possibly linked to the fact that this molecule inhi-
bits the phosphorylation of JAK2 and consequently activation
of the apoptosis cascade and cell cycle arrest.

It is known that proteins from the Janus kinase family are
responsible for activating STAT3 before this protein success-
fully binds to the receptor, and phosphorylated STAT3, when
migrating to the cell nucleus, has the ability to activate the
transcription of target genes. There is at least ten times more
activated STAT3 in gastric cancer cells than in normal stom-
ach epithelial cells (Deng et al, 2010), which supports the claim
that the phosphorylation of STATS3 is associated with promot-
ing the survival of cancer cells and the inhibition of apoptosis
(Liu et al., 2015).

The results show that CB was able to inhibit the growth of
gastric lines with a better result in 48 h, possibly because the
pharmacological effect is due to the inhibition of these pro-
teins, since in the docking results, CB was able to interact
favorably with JAKI1 and JAK2, being able to form bonds
with the amino acid residues of interest in the catalytic site.
This type of interaction can prevent JAK from having the abil-
ity to autophosphorylate, thus causing JAK inhibition, which
would prevent STAT3 activation through this pathway (JAK/
STAT) (Yar-Saglam et al., 2016). It must also be taken into
account that CB belongs to the class of triterpenes, and as
such, it has high lipophilicity (Garg et al., 2018), which gives
the molecules an ability to passively cross membrane barriers,
thus acting in intracellular complexes (Lipinski, 2004).

It is interesting to note that the isolation of CB from the
EEF did not generate an important selective effect on the cyto-
toxicity, which reinforces the idea that crude extracts can often
be more effective than their chemical components isolated at
an equivalent dose. A possible explanation for this more effec-
tive result would be the hypothesis of synergy, that is, other
compounds in the extract, despite not being the majority, help
the substance with a specific pharmacological effect to reach
the target, either by improving solubility, absorption, and dis-
tribution or decreasing metabolism and excretion, thereby
increasing the bioavailability and effectiveness of this extract
(Rasoanaivo et al., 2011; Caesar and Cech, 2019).

5. Conclusions

The phytochemical study of Luffa operculata resulted in the
isolation and identification of cucurbitacin B, whose assay
showed a higher concentration in the EEF, being the major
chemical compound. Regarding the cytotoxicity index in the
cell lines tested, the EEF result was more promising
(p < 0.05) for antiproliferative activity in the cancer cells
due to a selectivity index of 3.14. CB had no significant selec-
tivity index in the cells of this study. The trial to assess the for-
mation of micronucleus showed that the EEF and CB results
were not significant, so their cytotoxicity could not be associ-
ated with genomic instability. It is suggested that CB is the
pharmacological marker of L. operculata, and its possible
mechanism of action is also related to the inhibition of
JAK1 and JAK2 proteins that are associated with the JAK/
STAT pathway and related to apoptosis. Given these findings,
the EEF, which is rich in cucurbitacin, is considered promising
for further studies aimed at the development of a herbal med-
icine with potential clinical applicability.
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