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Abstract

The demand for herbal medicines is steadily increasing. Within this perspective, compounds derived
from the latex of the species Euphorbia umbellata have acquired a prominence presenting
antiulcerogenic, anti-inflammatory, homeostatic activities and mainly antitumor activity. Studies carried
out with tumor cells indicate that their fractions and subfractions act by modulating the apoptotic
pathway by decreasing the mitochondrial electrical potential, as well as activating caspases 3 and 7.
Concomitantly, its antiulcerogenic activity is related to the ability to capture radicals and species reactive
oxygen, in addition to its inhibitory action in a peroxidase model. Other studies regarding other
functionalities of this species are still in progress.
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Introduction

Recently, the demand for herbal medicines and various natural products from a variety of plant
species is steadily increasing. This immense importance within medicine is due to the fact that
plants have been used for the treatment of various diseases for thousands of years, with
extracts from various medicinal plants being effective against microbial, parasitic infections,
inflammations, cancer, among several other applications [+ 2,

Of the total molecules approved for use in the pharmaceutical industry from 1981 to 2014,
52% are natural products or their derivatives 1. Regarding cancer, for example, of all 131
molecules with antitumor potential released in the same period, 85 (49%) were derived from
natural products and their derivatives, such as drugs such as Paclitaxel (Taxol®), Docetaxel
(Taxotere®), Abraxane ® and Cabazitaxel (Jevtana®) [ 4,

In turn, the species Euphorbia umbellata (Pax) Bruyns, of African origin and belonging to the
order Geraniales, family Euphorbiaceae5. Popularly known as "Janadba" and "cola-nota" in
Brazil, it has already registered that its latex has been used in popular medicine as an anti-
ulcer, anti-inflammatory, homeostatic, antiangiogenic, and mainly as an antitumor agent [,
In southern Brazil, as well as common sense, it is used as a treatment for all types of cancer
and has recently even shown molluscicidal activity to control schistosomiasis I,

Family Euphorbiaceae

The Euphorbiaceae family corresponds to a botanical family distributed in 317 genera 1! with
a total of 8,000 species present in the most diverse habitats, from humid tropics to arid regions,
taken among the most economically important families in the Angiosperms group ™,

With the genera Euphorbia, Croton, and Phyllanthus being the most representative with
respectively 1,500, 1,300, and 400 species, these plants have the most varied forms of life,
such as herbs, shrubs, succulents, and trees with alternating leaves [*2 131, Being the only family
to present some species with a combination of glands and latex, generally recognized for
exhibiting ciatio type inflorescence, unisexual flowers, and capsule type fruits 1424,

In terms of industrial economic importance, Ricinus communis L., popularly known as castor,
stands out, being a source of castor, an important product for the production of plastic,
synthetic fibers, alternative fuel, among other applications. In addition to Hevea brasiliensis,
which has its latex used for a natural rubber manufacturer 22,
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Other species of this family are used for folk medicine, for
their property in the treatment of hepatitis-B (antiviral
activity), elimination of kidney stones (diuretic), and cancer,
probably because they have several types of chemical
compounds, such as flavonoids, saponins, terpenes, esters,
cyanogenic glycosides, tannins, lectins, alkaloids, and
glycoproteins 23241,

Species of the genera Croton and Mahinot were studied due to
mineral absorption properties % 261, The genus Croton is one
of the largest genera of Euphorbiaceae most used in
traditional medicine with several products derived from their
species and commercialized on an international scale. Others
of the genus Euphorbia L. and Cnidosculus Pohl have
antidiarrheal effects 1. The species Euphorbia tirucalli L.
popularly known as "pau-pelado” or "avel6s" for example, is
traditionally used in Brazil as an analgesic, antitumoral, and
antiviral %8,

In Brazil, in turn, is considered one of the most important
research centers related to this family, more than 1,100
species 29, all of them native or acclimatized, with many of
these species becoming objects of multidisciplinary studies
from their characteristics, ethnobotanical and taxonomic
importance, even biological properties, the majority medicinal
potential B,

Therefore, this work was developed through an integrative
literary review, seeking to highlight the anti-tumor effects that
E. Umbellata substances are capable of developing, as well as
their applications and studies developed for other diseases.

Materials and Methods

The present work is characterized as an integrative literary
review, seeking to study the aspects of Euphorbia umbellata
as a phytotherapeutic agent, discussing its efficiency. For this,
the Google Scholar, Scientific Electronic Library Online
(SCIELO), and Pubmed platforms were used as a research
base.

Development

Phytochemical studies

Several chemical metabolites have been detected in E.
Umbellata latex since 1984 3. Premaratna et al., isolated and
purified lectins with antitumor properties B4, Kinghorn
(1980) discovered and isolated the 4-deoxy-starred ester, a
product that causes skin irritability 2. Other researchers, in
turn, discovered the presence of diterpenes, protease enzymes,
glycoproteins, and triterpenes [33: 361,

Likewise, its crude extract, as well as its diluted latex, shows
antiulcerogenic activity in rats treated with this plant material,
preventing the formation of peptic ulcers, in which such
gastroprotective action was related to the presence of phenolic
and non-saponifiable substances detected in its latex 7],

Later it was also verified through phytochemical studies the
existence of lipophilic and phenolic compounds, starch, and
mucilage. In addition to the isolation of two triterpenes
identified using nuclear magnetic resonance (NMR)
techniques, one being a pentacyclic called germanicol acetate
and the other a tetracyclic called Euphol. In addition, other
research has allowed the isolation of fractions and
subfractions from the latex of this plant, such as fractions
hexane, chloroform, ethyl acetate, and methanol and
subfractions such as methanol, dichloride, ether, and ethanol
[38]

In turn, the identification of the chemical composition of this
plant is necessary because it is through it that it can be
understood and attributed to the reason for its various
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therapeutic actions, through the action of primary and
secondary metabolites that are present.

The class of secondary metabolites such as terpenes,
alkaloids, and flavonoids has a promising anticancer activity
[39-41  Some terpenes and phenolic compounds are as
promising, either because of an action directly linked or
indirectly, such as that of phenolics that have proven
antioxidant activity and may act to inhibit the development of
the formation of free radicals, related to the progression of
cancer 2 43, Some alkaloids in turn, such as those identified
from Catharanthus roseus (L.) already present their active
principles in drugs taken on the market such as vincristine and
vinblastine [*41,

Plant lectins also reveal themselves with heterogeneities
appear mainly in their carbohydrate-binding sites, thus
conferring multiple biological activities, among them
potential as carcinogenic agents and recently in the discovery
of tumor biomarkers, due to their ability to recognize a large
number of glycans and mediate several biological processes,
such as cell migration and immune defense 1,

It is also worth mentioning that the identification of bioactive
compounds euphol, friedelin, and 3-friedelinol from the crude
E. umbellata extract reinforced the idea that this plant is a
source of antioxidant compounds, due to the marked action of
the extract in chemical and enzymatic systems. (MPO) in
vitro, as for the ex vivo system through hemolysis induced by
free radicals, indicate a potential not only to neutralize but
also to reduce the formation of free radicals, as well as to
protect cells from its harmful action 161,

Antitumor potential

The crude ethanolic extract (EESU), its fractions chloroform,
hexane, methanol, and its residual fractions chloroform (CF),
hexane (HF) and methanolic (ME) had its antitumor activity
tested in Ehrlich ascitic cells (EAT), decrease in cell viability
in vitro by 50%, and inhibition around 75, 68 and 60%,
respectively for the compounds CEE, CF and HF. In turn, in
vivo, it was possible to observe better results for the crude
ethanolic extract, where the dissipated mice had longer
survival, 36.7% reduction in the intraperitoneal tumor cell
load, and a 42% reduction in VEGF levels when compared to
the control 71,

During the development of a tumor, it has been expanded that
VEGF (vascular endothelial growth factor) is present in high
definitions and plays a necessary role in increasing the
permeability of specific vascularization in a variety of human
animals and tumors 8 41 Therefore, it is important to
determine the progression of the tumor and the induction of
Angiogenesis B, Therefore, bioactive compounds that come
to act in its demonstration reduction as a potent antitumor
agent. In turn, in the same study, such compounds in vitro
also demonstrated antitumor effects for k-562 ©71 leukemic
cells.

Another study also carried out with this cell line, Jukart cells
(leukemic cell), HL-60 (Leukemic cell), HRT-18 (human
ileocecal colorectal adenocarcinoma), and B16-F10 (murine
melanoma cells), sought to evaluate in vitro the cytotoxic
action of the compound euphol, a tetracyclic triterpene
alcohol present in E. umbellata, showing that euphol has a
cytotoxic effect mainly against leukemia potentially related to
the apoptosis mechanism. However, the evaluation of the
stability, distribution, and metabolism properties showed that
euphol was unstable in gastric and intestinal fluids with an
elimination half-life of two hours and possible phase 11 54
hepatic metabolism, showing that in vivo such isolated
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terpene has low cytotoxicity, which indicates that probably as
anti-cancer properties of the extract may be caused by other
substances present in the hexane fraction.

Hela cells (human cervical adenocarcinoma cells) and HRT-
18 were also evaluated from tests with E. umbellata latex,
where the latex cytotoxic application in HRT-18 cells after
48h and cytotoxic sensitization as Hela cells in all dose-
dependent moments 2, In turn, in subsequent studies, the
cells and cells of Jukart cells undefined that the hexane
fraction has a greater cytotoxic action, such action being
associated with a possible trigger of cellular apoptosis 531,

In a biomonitored study to identify a more active fraction
present in E. umbellta latex, methanol (MeOH), iso-propanol
(iso-prop), ethyl acetate (EtOAc), chloroform (CHCI 3) en-
hexane (Hex) were also evaluated. The results showed that all
cytotoxicity fractions depend on concentration and time. It
can also be assumed that for the three application methods,
the hexane fraction has the greatest cytotoxic effect when
compared to the chloroform (CHCI3), ethyl acetate (EtOAC),
and methanol (MeOH) fractions, with a marked reduction in
cell viability over time incubation of 24, 48 and 72 h for the
hexane fraction for Hela, HRT-18 and Jukart cells, and the
cytotoxicity of the hexane fraction for Jukart cells is related to
the increased fragmentation of genetic material, cell death
(apoptosis) and stopping the cell cycle in the g0/G1 phase
with a reduction in the S and G2/M phases 4.,

Such results of which mechanism of action E. umbellata acts
can also be corroborated, through two other in vitro studies
with the same cell line, in which for one of them Jukart cells
through the cytotoxic action of the chloroform fraction
(CHCI3) from the crude extract of the plant's bark, the cell
cycle stopped and apoptosis, with the compounds present in
CHCI3 presenting a greater amount of steroids and
triterpenes55. And another showed that the dichloromethane
subfraction from the hexane fraction indicated a promising
result possibly due to the synergistic action of the terpenes
present in it 6],

The action of steroids and terpenes has been previously
described as promising, either directly or indirectly due to
their antioxidant actions 2 43, responsible for the reduction
of free radicals that are normally present in a tumor
microenvironment, showing them in large quantities and in
excess related to several cellular dysfunctions ©7. In turn,
recent studies show that the use of antioxidant compounds as
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part of the nutritional therapy of cancer patients has positive
results in mitigating adverse effects generated by chemo and
radiotherapy [8l,

Another study also showed that fractions of terpenes enriched
in E. umbellata latex promoted apoptosis in HL-60 leukemic
cells, causing morphological changes compatible with the
induction of apoptosis, altered cell cycle, depolarized cells,
and the activation of caspase 3 and caspase 7 [54.

In general, caspase 3 mediates apoptosis by acting via the
mitochondrial pathway % and terpenes activate caspase 3
activity as seen in tumor cells k-562, Hela, MCF-7 (breast
cancer) and MDA-MB 231 (Breast cancer negative triple) ©4,
And, likewise, caspase 7 is also an executor in which its
enzymatic activity is necessary to complete cell death by
apoptosis [62,

In turn, other studies carried out with tumor cells of murine
melanoma B16-F10 showed that the hexane fraction, the
petroleum ether subfraction, and dichloromethane showed
potential in vitro but without significant results in vivo [,
However, the chloroform and acetate fractions in vitro
exhibited selective cytotoxicity when compared to normal
human fibroblast (FN1) cells, reducing the mitochondrial
electrical potential, modifying the cell morphology, and
affecting the actin filaments, probably promoting the
modulation of the apoptotic pathway 41,

The chloroform fraction and especially the acetate fraction
also acted in reducing the mitochondrial electrical potential,
as well as in stopping the cell cycle in the G2/M phase and
reduced cell reduction in the GO/G1 phase. It also exhibits the
same effect on MDA MB-231, 4T1 breast cancer cells, and
Hepalclc7 [4661 Hepatocarcinoma cells. The sub-fraction
methanol (MeOH), derived from the hexane fraction, also
responsible for reducing the mitochondrial electrical potential
rm Hepalclc7 &7,

Such results indicate that there is an action of these fractions
and subfractions with respect to a stop of the cell cycle, which
is related to the control point (checkpoints) that guarantees the
safety of the molecular structure of DNA, avoiding changes
that cause harmful changes, genomic instability, and
mutations that would be transmitted to the next cells (67221, As
well as the decrease in mitochondrial electrical potential, it
further supports the idea of a possible activation of apoptotic
modulation of tumor cells through depolarization of the
mitochondrial membrane. (Figure 1).
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Fig 1: The action of compounds extracted from E. umbellata latex on tumor cells

Antiulcerogenic potential and other applications

To date, few studies have evaluated the pharmacological
action of Euphorbia umbellata for the treatment of ulcers of
the gastrointestinal tract. However, the few existing, existing
that such a species has a promising potential.

The methanolic fraction (FM) from the E. umbellata peel had
its antioxidant action tested against DPPH ¢, ABTS « +, O2 « -
, HOCI, TauCl and HRP, where the responses in the
antioxidant testicles are subject to the ability to capture
radicals and reactive oxygen species by FM, in addition to its
inhibitory action in a peroxidase model. In addition,

~3)~

histologically an FM provided gastroprotection and an
enzymatic block presentation from the anti-urease test,
allowing to suggest that the gastroprotective effect of FM may
be related to the presence of polyphenols, as well as to its
potential scavenger on reactive species, activation of the path
nitric  oxide/cyclic  guanosine  monophosphate  and
cyclooxygenases and anti-H actions. pylori and anti-urease ["%l.
Previously, Costa et al. also indicated that its crude and
diluted latex promotes antiulcerogenic activity, preventing the
formation of peptic ulcers in the food of rats treated by the
action of phenolic and non-saponifiable substances 71,
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Polyphenols, an example of flavonoids, are an important
factor for gastroprotective activity and are substances that
have been showing good activity against urease [, acting in
an antioxidant way and consequently contributing to anti-
ulcer activity since urease, H. pylori and arginase are
inhibitors of macrophage phagocytic function and are related
to stimulating the activity of lymphocytes and neutrophils
with a high production of ROS, which affects the transduction
of signals from the gastric mucosal epithelium and allows the
formation of neoplastic mass 7578,

With regard to other applications, E. umbellata latex has the
potential for obtaining molluscicidal agents that can be used
to control schistosomiasis mansoni due to the presence of
triterpenes . In addition, chitosan membranes containing the
E. umbellata methanolic fraction for topical application were
developed, characterized, and evaluated for their antioxidant
and antimicrobial potential, being considered promising for
topical application for anti-inflammatory action [7°l,

In vitro experiments also induced that deoxy-phorbol esters
present in the alcoholic extract of E. umbellta latex are able to
increase HIV transcription and reactivate it from latency
models and induce the production of pro-inflammatory
cytokines together with interleukin-21, thus being promising
candidates for future clinical trials aiming at the shock and
deadly therapies that refer to HIV %,

Conclusion

Like other species of the Euphorbiaceae family, a type
Euphorbia umbellata has enormous pharmaceutical potential
and can act in a beneficial way to fight various diseases. Other
studies still need to be carried out so that it is possible to
discover, in fact, which compounds are related to the most
diverse pathogens, as well as their components of actions and
consequences in the organism.

However, it is possible to notice an advance in studies with
cancer cells when compared to other areas on the action of E.
umbellata latex. It is possible to state that the various
compounds from plant latex that have antitumor activity
through the depolarization of the mitochondrial membrane,
modulating the apoptotic pathway probably from the
activation of caspases 3-7, operational for the cell cycle in the
G2/M phase. Further studies are needed to specifically
characterize the action of fractions and subfractions from
latex.

With regard to its antiulcerogenic activity, it is related to the
ability to capture radicals and reactive oxygen species, in
addition to its inhibitory action in a peroxidase model.
Regarding the other characteristics of this species, the studies
are still chosen at an early stage.

References

1. Mustafa G, Arif R, Atta A, Sharif S, Jamil A. Bioactive
compounds from medicinal plants and their importance in
drug discovery in Pakistan 2017.

Gunnar S, Bohlin L. Drugs of Natural Origin, A
Textbook of Pharmacognosy. Swedish Pharmaceutical
society 1999.

Newman DJ, Cragg GM. Natural products as sources of
new drugs from 1981 to 2014. Journal of natural products
2016;79(3):629-661.

Majolo F, Delwing LKDOB, Marmitt DJ, Bustamante-
Filho IC, Goettert MI. Medicinal plants and bioactive
natural compounds for cancer treatment: Important
advances for drug discovery. Phytochemistry Letters
2019;31:196-207.

~33~

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

http://www.phytojournal.com

Cunha LC, Azeredo FS, Mendonca AC, Vieira MS, Pucci
LL, Valadares MC, Lino Junior RDS. Avaliacdo da
toxicidade aguda e subaguda, em ratos, do extrato
etandlico das folhas e do latex de Synadenium
umbellatum Pax. Revista Brasileira de farmacognosia
2009;19(2A):403-411.

Badgujar SB. Evaluation of hemostatic activity of latex
from three Euphorbiaceae species. Journal of
ethnopharmacology 2014;151(1):733-739.

Luz LEC, Kanunfre CC, Paludo KS, da Silva Justo A,
Petry VK, Lemes BM, Beltrame FL. Cytotoxic
biomonitored study of Euphorbia umbellata (Pax)
Bruyns. Journal of ethnopharmacology 2016;183:29-37.
Munhoz AC, Minozzo BR, Cruz LS, Oliveira TL,
Machado WM, Pereira AV, Beltrame FL. Chemical and
pharmacological investigation of the stem bark of
Synadenium grantii. Planta Medica 2014;80(06):458-464.
Pereira LPLA. Atividade moluscicida em Biomphalaria
glabrata Say: revisdo e avaliacdo do latex de Euphorbia
umbellata (Pax) Bruyns (Euphorbiaceae) 2013.

Satiro LN, Roque N. A familia Euphorbiaceae nas
caatingas arenosas do médio rio Sdo Francisco, BA,
Brasil 2008.

Feliu DAD. Analise de terpendides de espécies de Croton
sect. Lamprocroton (Mull. Arg.) Pax (Euphorbiaceae)
(Doctoral dissertation, Universidade de Sao Paulo) 2011.
Rogerio AP, Cardoso CR, Fontanari C, Souza MA,
Afonso-Cardoso SR, Silva EV, Faccioli LH. Anti-
asthmatic potential of a D-galactose-binding lectin from
Synadenium carinatum latex. Glycobiology
2007;17(8):795-804.

Costa LLG. Screening fitoquimico e estudo bioldgico de
Synadenium grantii Hook. f.(Euphorbiaceae) 2011.
Ribeiro JELDS. Flora da reserva ducke. DFID 1999.
Jussieu AHL. De Euphorbiacearum generibus medicisque
earumdem veribus tentamen, tabulis aeneis 18
illustratum. Didot jr 1824,

Miuller J. Euphorbiaceae, Tribo I11: Acalypheae, Subtribo
XIIl. Pereae. Prodromus systematis naturalis regni
vegetabilis. Masson, Paris 1866;15(2):189-1286.

Croizat L. Notes on Euphorbiaceae, with a new genus
and a new subtribe of the Euphorbieae 1937.

Croizat L. Peculiarities of the inflorescence in the
Euphorbiaceae. Botanical Gazette 1942:103(4):771-779.
Gilbert MG. The relationships of the Euphorbieae
(Euphorbiaceae). Annals of the Missouri Botanical
Garden 1994, P283-288.

Hutchinson J. Tribalism in the family Euphorbiaceae.
American Journal of Botany 1969;56(7):738-758.

Miller J, Martius CFP, Eichler AG. Euphorbiaceae:
Croton. Flora Brasiliensis 1873;11(2):82-274.

Sofiati FT. Estudo fitoquimico e atividades bioldgicas
preliminares de extratos de Polygonum acre
(Polygonaceae) HBK e Synadenium carinatum
(Euphorbiaceae) Boiss 2009.

Vandresen J, Nishidate FR, Torezan JMD, Zangara W.
Inoculagdo de fungos micorrizicos arbusculares e
adubacdo na formacdo e pos-transplante de mudas de
cinco espécies arbéreas nativas do sul do Brasil. Acta
Botanica Brasilica 2007;21(4):753-765.

Rogerio AP, Cardoso CR, Fontanari C, Souza MA,
Afonso-Cardoso SR, Silva EV, Faccioli LH. Anti-
asthmatic potential of a D-galactose-binding lectin from
Synadenium carinatum latex. Glycobiology
2007;17(8):795-804.


http://www.phytojournal.com/

Journal of Pharmacognosy and Phytochemistry

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Meyer JP, Becker TE, Vandenberghe C. Employee
commitment and motivation: Conceptual analysis and
integrative model. Journal of Applied Psychology
2004;6:991-1007.

Zangaro W, Andrade G. Micorrizas arbusculares em
espécies arboreas nativas da bacia do rio Tibagi. A bacia
do rio Tibagi (ME Medri, E. Bianchini, OA Shibatta &
JA Pimenta, eds.). Edicdo dos Editores, Londrina 2002,
P173-212.

Braga JEM. Plantas no Nordeste especialmente no Ceara.
Mossord: Escola Superior de Agricultura de Mossord.
Varricchio MCBN, Silva S, Gomes NBN, Kuster RM,
Lage CLS. O uso de Euphorbia tirucalli (Aveloz) em
medicina tradicional e as evidéncias cientificas. Rev. Bio.
e Farmécia. Rio de Janeiro 2008;3(1).

Silva Sl. Potencial oleaginoso da flora brasileira: Estado
atual do conhecimento. Biodiversidade, conservacdo e
uso sustentavel da flora do Brasil. Recife: SBB/UFRPE
2002, P234-237.

Secco RDS. Flora da Reserva Ducke, Amazonas, Brasil:
Euphorbiaceae-Parte 1. Rodriguésia 2005;56(86):143-
168.

Premaratna A, Shdaksharaswamy M, Nanjappa S. Some
biological properties of Synadenium grantil lectin. Indian
journal of pathology & microbiology 1984;27(2):91.
Kinghorn AD. Major skin-irritant principle from
Synadenium grantii. Journal of pharmaceutical sciences
1980;69(12):1446-1447.

Uzabakiliho B, Largeau C, Casadevall E. Latex
constituents of Euphorbia candelabrum, E. grantii, E.
tirucalli and Synadenium grantii. Phytochemistry
1987;26(11):3041-3045.

Bagavathi R, Sorg B, Hecker E. Tigliane-Type Diterpene
Esters from Synadenium grantii 1, 5. Planta medica
1988;54(06):506-510.

Menon M, Vithayathil PJ, Raju SM, Ramadoss CS.
Isolation and characterization of proteolytic enzymes
from the latex of Synadenium grantii Hook, ‘f*. Plant
Science 2002;163(1):131-139.

Rajesh R, Nataraju A, Gowda CR, Frey BM, Frey FJ,
Vishwanath BS. Purification and characterization of a 34-
kDa, heat stable glycoprotein from Synadenium grantii
latex: action on human fibrinogen and fibrin clot.
Biochimie 2006;88(10):1313-1322.

Costa LL, David VC, Pinto R, Minozzo BR, Kozlowski
Junior VA, Campos LA, Beltrame FL. Anti-ulcer activity
of Synadenium grantii latex. Revista Brasileira de
Farmacognosia 2012;22(5):1070-1078.

Luz LEC. Caracterizagdo morfoanatémica, estudo
fitoquimico e avaliacdo da citotoxicidade de Euphorbia
umbellata (pax) bruyns (euphorbiaceae) 2015.

Peng F, Tao Q, Wu X, Dou H, Spencer S, Mang C, Hao,
X. Cytotoxic, cytoprotective and antioxidant effects of
isolated phenolic compounds from fresh ginger.
Fitoterapia 2012;83(3):568-585.

Lage H, Duarte N, Coburger C, Hilgeroth A, Ferreira
MJU. Antitumor activity of terpenoids against classical
and atypical multidrug resistant cancer cells.
Phytomedicine 2010;17(6):441-448.

Nobili S, Lippi D, Witort E, Donnini M, Bausi L, Mini E,
Capaccioli S. Natural compounds for cancer treatment
and prevention. Pharmacological research
2009;59(6):365-378.

Pesic M, Bankovi¢ J, Aljanci¢ IS, Todorovi¢c NM,
Jadranin M, Vajs VE, Ruzdiji¢ S. New anti-cancer

~34~

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

57.

58.

http://www.phytojournal.com

characteristics of jatrophane diterpenes from Euphorbia
dendroides. Food and  chemical toxicology
2011;49(12):3165-3173.

Nielsen PE, Nishimura H, Liang Y, Calvin M. Steroids
from Euphorbia and other latex-bearing plants.
Phytochemistry 1979;18(1):103-104.

Gurib-Fakim A. Medicinal plants: traditions of yesterday
and drugs of tomorrow. Molecular aspects of Medicine
2006;27(1):1-93.

Oliveira JFCD. Lectinas vegetais: de moléculas de defesa
de plantas as suas diversas aplicacBes biotecnolégicas
2018.

Munhoz Antonio, Carlos Mattar et al. Avaliacdo
fitoquimica e da atividade antioxidante e antimicrobiana
de cascas do caule de Synadenium grantii Hook.
f.(Euphorbiaceae) 2013.

Nogueira IAL, Ledo AB, Vieira MDS, Benfica PL, da
Cunha LC, Valadares MC. Antitumoral and
antiangiogenic activity of Synadenium umbellatum Pax.
Journal of Ethnopharmacology 2008;120(3):474-478.
Shibuya M, Luo JC, Toyoda M, Yamaguchi S.
Involvement of VEGF and its receptors in ascites tumor
formation. Cancer chemotherapy and pharmacology
1999;43(1):S72-S77.

Stoelcker B, Echtenacher B, Weich HA, Sztajer H,
Hicklin DJ, Mannel DN. VEGF/FIk-1 interaction, a
requirement for malignant ascites recurrence. Journal of
Interferon & Cytokine Research 2000;20(5):511-517.

Xie M, Yu T, Jing X, Ma L, Fan Y, Yang F, Xu T.
Exosomal circSHKBP1 promotes gastric cancer
progression via regulating the miR-582-3p/HUR/VEGF
axis and suppressing HSP90 degradation. Molecular
Cancer 2020;19(1):1-22.

Cruz LS, de Oliveira TL, Kanunfre CC, Paludo KS,
Minozzo BR, Prestes AP, Beltrame FL. Pharmacokinetics
and cytotoxic study of euphol from Euphorbia umbellata
(Bruyns) Pax latex. Phytomedicine 2018;47:105-112.

Luz LE, Paludo KS, Santos VL, Franco CR, Klein T,
Silva RZ, Budel JM. Cytotoxicity of latex and
pharmacobotanical study of leaves and stem of
Euphorbia umbellata (Janalba). Revista Brasileira de
Farmacognosia 2015;25(4):344-352.

Beltrame FL, Luz LE, Kanunfre CC, Paludo KS, Wang
M, Avula B, Khan IA. Cytotoxic Biomonitored Study Of
Euphorbia umbellata (Euphorbiaceae) Latex Fractions.
Planta Medica 2016;82(05):PB4.

Luz LEC, Kanunfre CC, Paludo KS, da Silva Justo A,
Petry VK, Lemes BM, Beltrame FL. Cytotoxic
biomonitored study of Euphorbia umbellata (Pax)
Bruyns. Journal of ethnopharmacology 2016;183:29-37.
Kanunfre CC, Leffers T, Cruz LS, Luz LE, Crisma AR,
Wang M, Beltrame FL. Euphorbia umbellata bark
extracts—an in vitro cytotoxic study. Revista Brasileira de
Farmacognosia 2017;27(2):206-213.

Cruz LS. Avaliagdo da atividade citotdxica de subfragbes
do latex de Euphorbia umbellata (Pax) Bruyns e eufol
2017.

Martha GG. Cultivo celular in vitro: Um estudo
citotdxico e principais contaminantes celulares 2020.
Pardinho GJR, Santos GM, de Barros MJSP, Corréa FF.
Impactos da utilizacdo de compostos antioxidantes como
parte da terapia nutricional do paciente oncol6gico em
tratamento.  Advances in  Nutritional  Sciences
2020;1(1):62-72.


http://www.phytojournal.com/

Journal of Pharmacognosy and Phytochemistry

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Cruz LS, Kanunfre CC, de Andrade EA, de Oliveira AA,
Cruz LS, de Faria Moss M, Beltrame FL. Enriched
Terpenes Fractions of the Latex of Euphorbia umbellata
Promote Apoptosis in Leukemic Cells. Chemistry &
Biodiversity 2020;17(9):e2000369.

Jiao C, Chen W, Tan X, Liang H, Li J, Yun H, Yang BB.
Ganoderma lucidum spore oil induces apoptosis of breast
cancer cells in vitro and in vivo by activating caspase-3
and caspase-9. Journal of ethnopharmacology
2020;247:112256.

Masood N, Dubey V, Lugman S. Activation of Caspase-3
by Terpenoids and Flavonoids in Different Types of
Cancer Cells. Current Topics in Medicinal Chemistry
2020;20(21):1876-1887.

Renema P, Kozhukhar N, Pastukh V, Spadafora D,
Paudel SS, Tambe DT, Stevens T. Exoenzyme Y induces
extracellular active caspase-7 accumulation independent
from apoptosis: modulation of transmissible cytotoxicity.
American Journal of Physiology-Lung Cellular and
Molecular Physiology 2020;319(2):L380-L390.

Andrade EAD. Efeito citotoxico do latex de Euphorbia
umbellata (Pax) Bruyns (Euphorbiaceae) para modelo de
melanoma murino 2020.

Alves MG. Avaliagdo do potencial citotdxico de
subfraces do latex da Euphorbia umbellata em células
de melanoma 2018.

Alves MG, Cabral LGS, Conceicao TO, Gomes A,
Oliveira TAD, Laiso RAN, Maria DA. Antiproliferative
response induced Euphorbia umbellata fractions and
subfractions in melanoma and hepatocellular carcinoma
tumor cells. Journal of Pharmacognosy and
Phytochemistry 2020;9:32-40.

Cabral LGS, Alves MG, Souza GOD, Cruz LS, Beltrame
FL, Luna ACL, Maria DA. Fraction of latex of
Euphorbia umbellata induced inhibitory proliferation in
triple negative breast tumor cell. International Journal of
Herbal Medicine 2020;8:93-100.

Cabral LGS, Alves MG, Laveli-Silva MGL, Cruz LS,
Beltrame FL, Luna ACL, Maria DA. Antitumor potential
of Euphorbia umbellata latex fractions and subfractions.
International Journal of Herbal Medicine 2019;7:45-51,
2019.

Hsieh WT, Lin HY, Chen JH, Kuo YH, Fan MJ, Wu
RSC, Chung JG. Latex of Euphorbia antiquorum induces
apoptosis in human cervical cancer cells via c-jun n-
terminal kinase activation and reactive oxygen species
production. Nutrition and cancer 2011;63(8):1339-1347.
Cabral LGS, Alves MG, Conceicdo TO, Oliveira TAD,
Gomes A, Laiso RAN, Maria DA. Natural bioactive from
Euphorbia umbellata latex as a modulator of
mitochondrial activity in breast cancer cells. Journal of
pharmacognosy and phytochemistry 2020;9:823-829.
Cunha SDFG. Modulagdo da expressio de vy-actina
induzida por citrato de rédio em células de carcinoma
mamario humano 2017.

Yang JL, Lien JC, Chen YY, Hsu SC, Chang SJ, Huang
AC, Chung JG. Crude extract of Euphorbia formosana
induces apoptosis of DU 145 human prostate cancer cells
acts through the caspase-dependent and independent
signaling pathway. Environmental toxicology
2016;31(11):1600-1611.

Carvalho FPD. Avaliacdo da expressdo génica de vias
pré-apoptoticas em células-tronco tumorais de linhagem
de cancer de mama triplo-negativo tratadas com o
fitoestrogeno genisteina, doxorrubicina e radiacdo

~ 35~

73.

74.

75.

76.

77.

78.

79.

80.

http://www.phytojournal.com

ionizante (Doctoral dissertation, Universidade de S&o
Paulo).

Minozzo BR, Lemes BM, da Silva Justo A, Lara JE,
Petry VEK, Fernandes D, Beltrame FL. Anti-ulcer
mechanisms of polyphenols extract of Euphorbia
umbellata (Pax) Bruyns (Euphorbiaceae). Journal of
ethnopharmacology 2016;191:29-40.

de Lira Mota KS, Dias GEN, Pinto MEF, Luiz-Ferreira
A, Monteiro Souza-Brito AR, Hiruma-Lima CA, Batista
LM. Flavonoids with gastroprotective activity. Molecules
2009;14(3):979-1012.

Kitagawa RR, Bonacorsi C, Fonseca LMD, Vilegas W,
Raddi MSG. Anti-Helicobacter pylori activity and
oxidative burst inhibition by the naphthoquinone 5-
methoxy-3, 4-dehydroxanthomegnin from Paepalanthus
latipes.  Revista  Brasileira de  Farmacognosia
2012;22(1):53-59.

Bonacorsi C, Da Fonseca LM, Raddi MSG, Kitagawa
RR, Vilegas W. Comparison of Brazilian plants used to
treat gastritis on the oxidative burst of Helicobacter
pylori-stimulated neutrophil. Evidence-Based
Complementary and Alternative Medicine 2013.
Cherdantseva LA, Potapova OV, Sharkova TV, Belyaeva
YY, Shkurupiy VA. Association of Helicobacter pylori
and iNOS production by macrophages and lymphocytes
in the gastric mucosa in chronic gastritis. Journal of
immunology research 2014.

Lundberg JO, Gladwin MT, Weitzberg E. Strategies to
increase nitric oxide signalling in cardiovascular disease.
Nature Reviews Drug Discovery 2015;14(9):623-641.
Lemes BM, Lemes BM. Membranas de quitosana
contendo fracdo metandlica de Euphorbia umbellata
(pax)  bruyns  (euphorbiaceae):  desenvolvimento,
caracterizagdo e avaliagéo 2016.

Valaddo ALC, Pezzuto P, Silva VAO, Gongalves BS,
Rossi AD, da Cunha RD, Tanuri A. Reactivation of latent
HIV-1 in vitro using an ethanolic extract from Euphorbia
umbellata (Euphorbiaceae) latex. PloS  one
2018;13(11):0207664.


http://www.phytojournal.com/

