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Abstract
There are many species of endemic plants from Mexico, without food or commercial use, but with
different applications in traditional medicine and valuable for their content of secondary metabolites. In
this sense, we found two species of Cucurbitaceae family plants natives of southeast and gulf of México,
used traditionally as soap and laundry agent, control of some pests, and it has also been used as infusion
for the treatment of different types of dermatitis and stomachache. In the present work, we evaluate the
antiproliferative activity in vitro, of six crude organic extracts, tested against six human tumor cell lines,
A549 (lung), HBL-100 (breast), HeLa (cervix), SW1573 (lung), T-47D (breast) and WiDr (colon), the
results indicated that at least three extracts from both species presents an interesting antiproliferative
activity against five tumor cell lines.
Keywords: Cucurbitaceae, cucurbitacins, triterpenic saponins, cell cancer lines, antiproliferative
activities

Introduction
Plants have been since the beginning of the civilization source of almost all the therapeutic
principles known today. Nowadays, plants are still being used empirically to mitigate and to
cure various disease conditions in many developing countries. In Mexico, the prehispanic
knowledge of medicinal properties from several plants species has been verbally transmitted
from generation to generation, and this information is useful for the monitoring and
prospecting of several species with potentially bioactive principles, such as compounds
currently used in cancer chemotherapy [1]. In this sense, a wide biodiversity of plants exists in
the southeast of Mexico and many uses of them are reported in the ancestral pharmacopoeia [2,
3]
.
The Cucurbitaceae family of plants, have 120 genera and approximately 825 species, which
are widely distributed in tropical and temperate regions. Many species of the Cucurbitaceae
family are used as human food [4, 5]. The majority of the species in this family are annual lianas
or shrubs, and their most representative genera are Cucurbita, Luffa, Citrullus, and Cucumis.
Additionally, about 130 wild, no commercial species of Cucurbitaceae family plants are
present in Mexico, also this country is center of origin for Cucurbita genus [6, 7, 8] However, few
of these endemic species non-edible, have chemical or biological studies. In this context, we
documented Microdochium hellerii (Pyer) Cong, and Cucurbita okeechobeensis martinezii
Bailey, in cloudy forest ecosystem from Veracruz in southwest of Mexico, both species of
Cucurbitaceae, which are wild climbing plants, without comestible uses. These plants are
found also in rural roads and are able to colonize successfully disturbed sites.
Natives living nearby sites of cloudy forests, used M. helleri roots (amolli or chichicamolli in
Nahuatl) as a soap substitute [4] and more recently an aqueous root infusion is used as food
detractor, on seed pests after planting since their roots are very bitter (personal
communication).
Chemical studies on methanolic crude extract from M. helleri roots established two saponins,
named amoles F and G, as oleanane-type triterpene with five to seven monosaccharide
moieties [9, 10] In the same region, fruits from C. okeechobeensis martinezii (morchete or
calabacita loca) are traditionally used for some dermatitis and control of hemophage pests in
animals such as fleas (personal communication). Furthermore, decoction from fruit leaves and
stem have been used for some stomach upsets and diarrhea [4, 11] at present, no phytochemical
studies had been carried out with C. okeechobeensis martinezii.
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Saponins like cucurbitane , dammarane and oleanane type
glycosides10 are tetracyclic triterpenes compounds more
abundant in Cucurbitaceae family. In Cucurbita genus, more
specifically are cucurbitane type skeleton named
cucurbitacines, characterized by a 19-(10-9-β)-abeo-10-αlanost-5-ENE. There are 12 main categories for cucurbitacin
groups based on their differently side-chain (A to T), joined to
one or more monosaccharide moieties, commonly four to
seven units of rhamnose, arabinose, xylose or glucose [13] The
cucurbitacines are of interest because of the wide range of
biological and pharmacological properties such as antiinflammatory, anti-ulcerogenic, analgesic [14], anti allergic [12],
antitumor [15], antioxidant [16], hepatoprotective and fungicide
effects too; [17] and also as attractors o repellents for some
herbivores [13, 18, 19] Regarding to some cucurbitacins
compounds, they showed inhibitory effects on cancer
signaling, such as JAK2/STAT3 pathway, Cdc2 cyclins,
COX-2, Wnt, PI3K/Ak, and MAP-kinases signaling
pathways, among others; [20, 21, 22] likewise actin cytoskeleton
appears to be an early target [23, 24, 25, 26, 27]
Also, cucurbitacin B (Figure 3), isolated from Luffa cylindrica
(smooth luffa), caused apoptosis in several human cancer cell
lines through caspase-3 and caspase-9 activity [22, 28],
observing inhibition against breast cancer cells in a dosedependent form [29].
About this disease condition, several kinds of cancer, have
gone from number 9 to 2 as cause of worldwide mortality
illness from 2012 to 2017; and the same way, number 6 to 3
place in Mexico [30, 31]. and other developing countries, which
means that there is an annual increase in the rates of this
condition, as well as the need to treat it and prevent it.
In México, there is a list of species that do not have food, or
commercial use, however they are valuable for their
secondary metabolites content, likewise, there are many with
traditional use. Therefore, we decided to test the
antiproliferative activity against cancer cell lines of solid
tumors of extracts obtained from two species of the endemic
Cucurbitaceae.

four extracts from Microsechium helleri, roots and leaf, with
methanolic and ethyl acetate, and two from fruits of
Cucurbita okeechobeensis, were used to assays using six
tumoral cell lines.
Cell lines and culture
The human solid tumor cell lines A549, HBL-100, HeLa,
SW1573, T-47D and WiDr, donated by Prof. G. J. Peters (VU
Medical Center, Amsterdam, and The Netherlands), and were
used in this study. The cells were maintained in 25 cm2
culture flasks, in RPMI 1640 medium (Sigma) supplemented
with 5% heat-inactivated fetal calf serum and 2mm Lglutamine (Sigma), in an incubator at 37 °C, 5% CO2 and
95% air-humidity. Exponentially growing cells were
trypsinization and re-suspended in an antibiotic-containing
medium (100 units of penicillin G and 0.1 mg of streptomycin
per mL, Sigma).
Antiproliferative assays
Single cell suspensions were counted using an Orflow’s
Moxiz automated cell counter (Ketchum ID) and dilutions
were made to give the appropriate cell densities for the
inoculation onto 96-well microtiter plates. Based on their
doubling times, cells were inoculated in 100 μL per well at 10
000 (A-549, HBL-100, HeLa and SW1573), 15 000 (T-47D),
and 20 000 (WiDr) cells per well. After 24 hours the extracts
were added. Dry extracts were initially dissolved in DMSO at
400 times the desired final maximum test concentration, i.e.
10 mg-mL-1 and diluted in the culture media until they
reached a maximum concentration of 250 μg-mL-1. Control
cells were exposed to an equivalent concentration of
dimethyl-sulfoxide (0.25% v/v) without extracts or negative
control. Cells were incubated over 48 h, after which cells
were precipitated with 25 μL ice-cold TCA (trichloroacetic
acid solution, 50% w/v) and fixed for 60 min at 4 ºC. Then,
plates were rinsed with running water, following the
sulforhodamine B (SRB) assay was performed adding for 15
min 25 μL of SRB solution (0.4% w/v/ in 1% acetic acid).
Unbound SRB was rinsed with 1% acetic acid and bound
SRB to proteins was dissolved adding 150 μL of TRIS
solution (10 mm, pH 10.5). The optical density (OD) of each
well, was measured at 492 nm using BioTek’s Power Wave
XS Absorbance Microplate Reader (Winooski, VT). The
percentage growth was calculated as the OD difference
between the start and end of each treatment level, corrected
for background OD of the control wells and compared with
untreated control cells. The results were expressed as GI50
(extract concentration causing 50% growth inhibition [32].

Material and Methods
Plant material
The roots and fruits of M. helleri and C. okeechobeensis
martinezii, were identified and collected in region of
Coxmatla and Coatepec localities, in the center of Veracruz
State, Mexico, on a cloudy forest; a voucher specimen of
each, were deposit at Biology School Herbarium (N° 24100),
and INECOL-MX herbarium (XAL0147669) respectively.
Obtaining extracts
The roots and aerial part (leaves and stem) of M. helleri, and
fruits of C. okeechobeensis martinezii were cleaned,
grounded, and dried at 40 °C, over 96 hours (separately) in a
laboratory oven, the samples were ground to obtain a smaller
particle size, weighted and extracted by 120 hours on
maceration, with ethyl acetate (Sigma reactive grade), at room
temperature, in amber glass container. The dissolvent were
eliminated by reduced pressure and extracts obtained were
weighted. Samples of roots, leaf and fruits were oven dried,
and extracted at same way and time, now using methanol
reactive grade (Sigma reactive grade). The methanolic and
ethyl acetate crude extracts were kept covered in dryness, and
protected from sunlight until their use in bioassays. In total,

Results
In the field surveys, near to Cofre de Perote mountain,
traditional knowledge shared with us the use of two species of
wild Cucurbitaceae (figure 1) without food use but with use in
folkloric medicine, both herbaceous and crawling or climbing
species, and were found in some wicked places, or on slopes
in a cloudy forest habitat. The species were correctly
identified and a complete specimen was herborized and
deposited, at herbariums, as mentioned. The extracts were
obtained from aerial part and fruits, obtaining a 0.5 to 0.6%
yield using ethyl acetate as dissolvent, and 0.8 to 1.2% yield
with methanol as dissolvent, from dry vegetal tissues.
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Fig 1 a): Tubercle root of Microsechium helleri (Peyr.) Cogn, collected in Coxmatla locality (Veracruz, Mexico); b): Fruit of Cucurbita
okeechobeensis martinezii Bailey, collected near Coatepec locality (Veracruz, Mexico).

The in vitro antiproliferative activity of crude extracts was
evaluated against six representative human solid tumor cell
lines. As shown in table 1, ethyl acetate extracts from root of
M. helleri, and fruit of C. okeechobeensis martinezii, revealed
a remarkable antiproliferative activity, exhibiting a GI50 ≤ 2.5
μg-mL-1 against five of six cell tumor lines and methanolic

extract form fruit of C. okeechobeensis martinezii, was active
against three lines at GI50 values from 11-16 μg-mL-1.The
methanolic and ethyl acetate extracts of the leaves form M.
helleri, exhibited low ranging antiproliferative activity (≥30
μg-mL-1).

Table 1: IC50 values of antiproliferative activity (GI50 in μg-mL-1) against human solid tumor cell lines of organic extracts from two plant
species.
Crude extracts GI 50 (µg) for cell line
Plant specie
Extract (dissolvent) A549 (lung) HBL-100 (breast) HeLa (cervix) SW1573 (lung)
M. hellerii (root) AR (ethyl acetate)
< 2.5
7.7
<2.5
<2.5
M. hellerii (root)
MR (methanol)
3.9
9.8
14
5.5
M. hellerii (leaves) AA (ethyl acetate)
55
59
88
31
M. hellerii (leaves) MA (methanol)
55
64
66
47
C. okeechobeensis
CA (ethyl acetate)
<2.5
7.9
<2.5
<2.5
martinezii (fruit)
C. okeechobeensis
CM (methanol)
16
221
11
12
martinezii (fruit)

T-47D (breast)
<2.5
3.7
125
80

WiDr (colon)
<2.5
4.3
125
96

<2.5

<2.5

54

44

However, the aqueous extraction using heat, either in the form
of infusion (tea) or decoction, may have an extraction
capacity of bioactive compounds, similar to the polarity of the
solvent used at room temperature, this fact will be
demonstrated, in a work later. Previously, we tested aqueous
extracts (obtained cold), methanolic extracts and ethyl acetate,
from C. okeechobensis martinezii fruits in bioassays against
some pests, the extracts obtained with organic solvents,
presented insecticidal activity (unpublished data), therefore
both species of plants are candidates in the search for
bioactive molecules.
Even though there are many wild species of Cucurbitaceae in
Mexico, and many of them has been recognized traditionally
for centuries as diverse medicinal uses, antiparasitic, soap
substitute or insecticide [4], most do not have chemical or
pharmacological studies. Others Cucurbitaceae species over
the world, are used as infusions or decoctions as laxative,
emetic, antipyretic, antidiabetic, antioxidant, anticarcinogenic,
anti-inflammatory agents and for malaria and dysenteries
treatment among others [33, 34]. These activities have been
documented, and mostly verbally transmitted nowadays,
especially in countries where access to medical services is
expensive. In the regard, herbal preparations contain many
components, and these can act together synergistically to
combat a symptom or disease [35]. In several cases, different
illness is treated with two or more species to obtain benefic
results. Synergy may act to protection of the bioactive
substance from degradation by enzymes, or facilitate transport
across membrane barriers and organelle walls, it may be

Discussion
The crude extracts of M. hellerii and C. okeechobeensis
martinezii showed antiproliferative activity against six cell
tumor lines, but at different degrees of inhibition. The GI50
values of less than 2.5 μg-mL-1 were with the ethyl acetate
extracts from the root of M. hellerii and the fruit C.
okeechobeensis martinezii, against five cell lines, the HBL100 cell line (breast cancer) results less sensitive than the
others. The methanolic extract of M. hellerii root also
exhibited antiproliferative effect, to a lesser extent; the
extracts of the leaves of M. helleri and methanolic extract of
the fruit of C. okeechobeensis no showed bioactivity. As we
can say, the content of active compounds against the
proliferation of tumor cells in vitro, is higher or is found in
extracts with ethyl acetate from the root of M. hellerii, not in
the leaves, and in the fruit of C. okeechobeensis martinezii.
As already mentioned, saponins (amole F and G) and
oleanane bayogenin and polygalacic acid sapogenins were
identified in the methanolic extract of the M. hellerii root, and
its anti-alimentary or deterrent, nematicidal and phytotoxic
activities were evaluated only, 9, 10 but other extracts from this
specie aren’t chemical studies. The endemic species C.
okechobeensis of southeastern Mexico has no previous studies
Regarding the effect of the solvent, we can say that the
polarity of ethyl acetate at room temperature (22 °C), was
more efficient for the extraction of bioactive compounds, in
both species of Cucurbitaceae. Nevertheless, this extraction
solvent is not suitable for use in traditional medicine, for such
purpose, ethanolic or aqueous extracts are appropriate.
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overcome drug resistance mechanisms, providing signals to
host cells, resulting in higher efficacy of the herbal
preparation when compared it with its components alone [36].
About pharmacological evidence over major compounds
isolated from some species of Cucurbitaceae family, such
cucurbitacines they have demonstrated their anti-ulcerogenic,
analgesic, anti-inflammatory, anti allergic and antitumor
activities [13, 19, 26, 38]. Cucurbitacines are concentrated in roots
and fruits of Cucurbitaceas in most of cases, and to a lesser
extent in stems and leaves; however, they have also been
founded in other plant families, in some fungi and even in
some marine mollusks. For more than a decade work on the
anti-tumor properties of cucurbitacin pure compounds, has
been reopened, and also and its differential toxicity to the cell
lines of renal, brain, and melanoma tumors, its inhibition of
cell adhesion and as already mentioned above, can act in
different targets of cancer signaling pathways, which play
important roles in the apoptosis and survival of cancer cells

. Among these Cucurbitacin B, D, E and I (figure 2), exerts
strong anticancer activities meanwhile other type of
cucurbitacin have moderate anticancer activities [13, 37, 38].
M. helleri extract root´s, or its compounds have not yet been
reported with antiproliferative or cytotoxic activities, in this
work the methanolic extract showed antiproliferative activity
too, but in a higher concentration. The compounds isolated
and reported from these extracts, was several glycosides of
bayogenin and polygalacic acid, see figure 3 [9, 10], which
differ from the cucurbitacines in the number and type of fused
carbon cycles in their skeleton molecule, however it’s not
ruled out, that these pentacyclic oleanane triterpenes, could
have antiproliferative activity in cancer cell lines, or maybe
the bioactive compounds will be different sapogenins due to
polarity range of dissolvent used for extraction, so we to
continue with molecular elucidation of compounds from
bioactive extracts.

Fig 2: Structure of some antiproliferative cancer cell lines Cucurbitacines [3].

Fig 3: Triterpenes (sapogenins) isolated from M. helleri [9, 10]

The other Cucurbitaceae specie studied here, C.
okeechobeensis martinezii, has no reported chemical studies,
and it's interesting too, due to its ethnical uses and their
antiproliferative bioactivity. Regarding to many species of
Cucurbita genus, have been the subject of chemical studies,
showed many biological and pharmacological activities, and
we hope, with such background, to find compounds in the
extract of this Cucurbita specie, at resulted bioactive and
specifically antiproliferative active.
Therefore, we will continue, in the search of compounds with
possible antiproliferative activity of the ethyl acetate extracts
from M. helleri roots and C. okeechobeensis martinezii fruits,
and the sustainable use of unexplored flora like this. Due to
the multiple biological and pharmacological properties
exhibited by principal secondary metabolites from
Cucurbitaceae species, multidisciplinary research is required
for seeking and bioprospecting of potential molecules that can
mitigate some degenerative diseases, and helps us to generate

scientifically validated data regarding the effectiveness of
endemic plants and their biologically active metabolites
contents, also to support the alternative use of different herbal
or semi-herbal therapies against this degenerative malignancy.
Conflicts of interest: The authors declare no conflict of
interest. The funders had no role in the design of the study; in
the collection, analyses, or interpretation of data; in the
writing of the manuscript, or in the decision to publish the
results.
Author contributions: Field data collection, recollect of
plant material and investigation, KMV, FCPS, OMF;
antiproliferative assays, JMP; writing original draft
preparation, OMF; writing-review and editing, OMF, JMP.
Acknowledgments: O.M.F. thanks the CIMA (Centro de
Investigaciones en Micologia Aplicada), and School of
~ 23 ~

Journal of Medicinal Plants Studies

http://www.plantsjournal.com

Agronomy both from Universidad Veracruzana, for some
materials donated for experiments.
17.
Funding: J.M.P. thanks the Spanish Government for financial
support
through
project
PGC2018-094503-B-C22
(MCIU/AEI/FEDER, UE).
18.
References
1. Pezzuto JM. Plant-derived anticancer agents. Biochem.
Pharm. 1997; 53(2):121-133.
2. Bye R, Linares E. Relationships between Mexican
ethnobotanical diversity and indigenous peoples. Biodiv.
NAT. Amer. 44-73, 2000.
3. Rzedowski J. Vegetación De México. Comisión Nacional
para el Conocimiento y Uso de la Biodiversidad. 1st
Digital Edition. México, 2006, 504.
4. Lira R, Caballero J. Ethnobotany of the wild Mexican
Cucurbitaceae. Econ. Botany. 2002; 56(4):380-398.
5. Lira R, Mcvaugh R. Cucurbita. In: R. McVaugh.
Cucurbitaceae. In: W. Anderson (Ed.). Flora
Novogaliciana. A Descriptive Account of the Vascular
Plants of Western Mexico. University of Michigan
Herbarium. Ann Arbor, USA. 2001; 3:510-529.
6. Lira R. Flora del bajío y de regiones adyacentes.
Comisión Nacional para el Conocimiento y Uso de la
Biodiversidad. Fascicule 92, Mexico, 2001.
7. Lira R, Rodríguez A. Catálogo de la familia
Cucurbitaceae de México. Universidad Nacional
Autónoma de México. Informe final SNIB-CONABIO.
DS002. México, 81, 2006.
8. Nee M. Cucurbitacea. En: Sosa V. (Ed). Flora de
Veracruz. Fascicule 74. Instituto de Ecología Xalapa,
Veracruz. México, 1993.
9. Hernández-Carlos B, González-Coloma A, OrozcoValencia AU, Ramírez-Mares MV, Andrés-Yeves MF,
Joseph-Nathan P. Bioactive saponins from Microsechium
helleri and Sicyos bulbosus. Phytochem. 2011;
72(8):743-751.
10. León I, Enríquez RG, McLean S, Reynolds WF, Yu M.
Isolation and identification by 2D NMR of two new
complex saponins from Microdochium helleri. Mag. Res.
Chem. 1998; 36:S111-S117.
11. Chena BF. Actividad antimicrobiana de plantas de uso
medicinal en la localidad de Tlalchy, Ixhuacán de los
Reyes, Veracruz (Dissertation thesis, Bachelor Degree).
2013;
Universidad
Veracruzana.
Xalapa.
http://cdigital.uv.mx/handle/123456789/33993
12. Yoshikawa M, Morikawa T, Kobayashi H, Nakamura A,
Matsuhira K, Nakamura S et al. Bioactive saponins and
glycosides. XXVII. Structures of new cucurbitane-type
triterpene glycosides and anti allergic constituents from
Citrullus colocynthis. Chem. Pharm. Bull. 2007;
55(3):428-434.
13. Chen JC, Chiu MH, Nie RL, Cordell GA, Qiu SX.
Cucurbitacins and cucurbitane glycosides: structures and
biological activities. Nat. Prod. Rep. 2005; 22:386-399.
DOI 10.1039/b418841c.
14. Gonzalez FG, Di Stasi LC. Anti-ulcerogenic and
analgesic activities of the leaves of Wilbrandiae
bracteata in mice. Phytomed. 2002; 9(2):125-134.
15. Shah BN, Seth AK, Desai RV. Phytopharmacological
profile of Lagenaria siceraria a review. AJPS 2010;
9(3):152.
16. Park CS, Lim H, Han KJ, Baek SH, Sohn HO, Lee DW,
Kwon NS. Inhibition of nitric oxide generation by 23, 24-

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.
~ 24 ~

dihydrocucurbitacin D in mouse peritoneal macrophages.
JPET. 2004; 309(2):705-710.
Agil A, Miró M, Jimenez J, Aneiros J, Caracuel MD,
García-Granados A et al. Isolation of an anti-hepatotoxic
principle from the juice of Ecballium elaterium. Plant.
Med. 1999; 65(07):673-675.
Jayaprakasam B, Seeram NP, Nair MG. Anticancer and
anti-inflammatory activities of cucurbitacins from
Cucurbita andreana. Cancer Lett. 2003; 189(1):11-16.
Miró M. Cucurbitacins and their pharmacological effects.
Phytother. Res. 1995; 9(3):159-168.
Blaskovich MA, Sun J, Cantor A, Turkson J, Jove R,
Sebti SM. Discovery of JSI-124 (cucurbitacin I), a
selective Janus kinase/signal transducer and activator of
transcription 3 signaling pathway inhibitor with potent
antitumor activity against human and murine cancer cells
in mice. Cancer Res. 2003; 63:1270-1279.
Sun C, Zhang M, Shan X, Zhou X, Yang J, Wang Y et al.
Inhibitory effect of cucurbitacin E on pancreatic cancer
cells growth via STAT3 signaling. J Cancer Res Clin
Oncol. 2010; 136(4):603-610.
Zhang M, Bian Z, Zhang Y, Wang J, Kan L, Wang X et
al. Cucurbitacin B inhibits proliferation and induces
apoptosis via STAT3 pathway inhibition in A549 lung
cancer cells. Mol. Med. Rep. 2014; 10:2905-2911.
Ahmed MS, Halaweish FT. Cucurbitacins: potential
candidates targeting mitogen-activated protein kinase
pathway for treatment of melanoma. J Enzyme Inhib.
Med. Chem. 2014; 29(2):162-167.
Chan KT, Li K, Liu SL, Chu KH, Toh M, Xie WD.
Cucurbitacin B inhibits STAT3 and the Raf/MEK/ERK
pathway in leukemia cell line K562. Cancer Lett. 2010;
289(1):46-52.
Haritunians T, Gueller S, Zhang L, Badr R, Yin D, Xing
H et al. Cucurbitacin B induces differentiation, cell cycle
arrest, and actin cytoskeletal alterations in myeloid
leukemia cells. Leuk. Res. 2008; 32(9):1366-1373.
Méndez-Cuesta CA, Campos ALE, Sánchez DS,
González CP, Gutiérrez SP. Cytotoxic and antitumoral
activities of compounds isolated from cucurbitaceae
plants. Pharmacog. Med. Plants. Intech Open, 2018; DOI:
http://dx.doi.org/10.5772/intechopen.82213.
Wang X, Tanaka M, Peixoto HS, Wink M.
Cucurbitacins: Elucidation of their interactions with the
cytoskeleton.
Peer
J5:e3357.
2017;
DOI
10.7717/peerj.3357
Samra MA. Anticancer activity of Luffa cylindrica plant.
Thesis Submitted for partial fulfillment of M.D. Degree
in Cancer Biology (Medical Biochemistry and Molecular
Biology). 2018; El Cairo University. El Cairo, Eygpt.
Duangmano S, Sae-Lim P, Suksamrarn A, Patmasiriwat
P, Domann FE. Cucurbitacin B causes increased radiation
sensitivity of human breast cancer cells via G2/M cell
cycle arrest. J Oncol. 2012; DOI 10.1186/1472-6882-12185.
WHO. June 14th 2019. http://www.who.int/es/newsroom/fact-sheets/detail/cancer.
INEGI. Estadísticas a propósito del día mundial contra el
cáncer
(4
de
febrero).
Datos
Nacionales.
COMUNICADO DE PRENSA NÚM. 61/182; june 14th,
2019.
http://www.beta.inegi.org.mx/contenidos/saladeprensa/ap
roposito/2018/cancer2018_Nal.pf
Skehan P, Storeng R, Scudiero D, Monks A, McMahon J,
Vistica D et al. New colorimetric cytotoxicity assay for

Journal of Medicinal Plants Studies

33.

34.

35.
36.
37.

38.

http://www.plantsjournal.com

anticancer-drug screening. J Natl. Cancer Inst. 1990;
82(13):1107-1112.
Lee DH, Iwanski GB, Thoennissen NH. Cucurbitacin:
ancient compound shedding new light on cancer
treatment. Sci. World J. 2010; 10:413-418. DOI
10.1100/tsw.2010.44
Kanwal W, Waseemuddin A, Salman A, Mohtasheem H.
Anti-emetic and ant- inflammatory activity of fruit peel
of Luffa cylindrica (L.) Roem. AJSC. 2013; 2(2):75-80.
Gilbert B, Alves L. Synergy in plant medicines. Curr.
Med. Chem. 2003; 10(1):13-20.
Williamson EM. Synergy and other interactions in
phytomedicines. Phytomed. 2001; 8(5):401-409.
Chen X, Bao J, Guo J, Ding Q, Lu J, Huang M et al.
Biological activities and potential molecular targets of
cucurbitacins: a focus on cancer. Anticancer Drugs. 2012;
23:777-787. DOI: 10.1097/CAD.0b013e3283541384.
Cai Y, Fang X, He C, Li P, Xiao F, Wang Y et al.
Cucurbitacins:
A
systematic
review
of
the
phytochemistry and anticancer activity. Am. J Chin. Med.
2015; 43(07):1331-1350.

~ 25 ~

