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ABSTRACT

Euphorbia umbellata (Pax) Bruyns is an easily cultivated shrub, with occurrence in the
tropical regions of the American and African continents. Chemical studies have revealed
that the latex of this plant is rich in terpene compounds, which are highly toxic to snails
Biomphalaria glabrata (Basommatophora: Planorbidae). The aim of this study was to evaluate
the chemical composition and molluscicidal activity of the latex produced by E. umbellata,
as well as the safety of its application in aquatic environments. The concentration of latex
that killed 90% of the exposed snails after 24 h exposure (LC

bioassays using Danio rerio (zebrafish) revealed that these animals were less susceptible to

o) Was 3.69 mg/L. Toxicity
latex than planorbids. However, it is important to perform other toxicity tests to ensure the
feasibility of using latex to control populations of mollusks that contribute to schistosomiasis
transmission. A phytochemical screening performed with the E. umbellata latex identified
the triterpenoid and coumarin class. Further studies are warranted to isolate, identify, and

test the active compounds of E. umbellata latex in B. glabrata.

KEYWORDS: Plant product. Toxicity. Biomphalaria glabrata. Schistosomiasis. Schistosoma
mansoni. Molluscicidal effect.

INTRODUCTION

Schistosomiasis is a parasitic disease associated with poverty and low economic
development, prevalent in 54 countries in Africa, Asia, and South America'. In Brazil,
it is considered one of the most serious public health issues due to its significant
propagation potential®. Schistosomiasis has been identified in 19 of the 27 federal
units of the country, with an endemic area extending from Maranhdo to Espirito
Santo and Minas Gerais®.

Schistosomiasis develops after contact with larvae of the Schistosoma
mansoni Sambon parasite, which are released from host snails in freshwater
environments. Three species of Biomphalaria mollusks transmit S. mansoni
in Brazil. Biomphalaria glabrata (Say, 1818) species stands out as the main
intermediate host in the Americas, as it is associated with high levels of infection
and has a geographical distribution that mostly coincides with the occurrence of
schistosomiasis®.

The use of molluscicide products in regions of increased schistosomiasis
transmission is one of the strategies employed to combat this parasitosis. The
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synthetic molluscicide niclosamide is widely used in natural
sites of the snails. However, this chemical product has a
low degradation capacity in the environment and is toxic to
non-target organisms®. Due to this limitation of niclosamide,
the current schistosomiasis control campaigns in Brazil
have been limited to the diagnosis of schistosomiasis
and subsequent treatment with the drug praziquantel.
Although these clinical measures are important, they must
be combined with vector control using substances that have
molluscicide properties. This would effectively interrupt S.
mansoni life cycle and, consequently, reduce the number
of new infections or re-infections.

Plant molluscicides are a low-cost, biodegradable,
safe alternative to the use of niclosamide®. The number
and diversity of plants that are toxic to mollusks are high,
especially among species of the Euphorbiaceae family’.

The species Euphorbia umbellata (Pax) Bruyns
(synonyms Synadenium umbellatum Pax and Synadenium
grantii Hook) is commonly known as “glue-note,”
“miraculous,” or “cancerola”®. This plant is an easily
cultivated shrub, with oval leaves, short petioles, and dark
red flowers®. It is native to Africa and cultivated in the
tropical regions of the American and African continents'®.

Phytochemical studies showed that E. umbellata latex
is rich in proteolytic enzymes, glycoproteins, lectins, and
terpenes'’'5. Among these compounds, the terpene class
has shown high molluscicide potential in B. glabrata'®'".
Therefore, considering the importance of research and
development of new natural products for the control of
mollusks that contribute to schistosomiasis transmission,
and the presence of molluscicides chemical compounds in
E. umbellata latex, we aimed to evaluate the toxicity of this
plant product in B. glabrata adult snails.

avelos,”

MATERIAL AND METHODS
Plant product

E. umbellata latex was collected in June 2012, from
longitudinal incisions in the stems of specimens cultivated
in the garden of medicinal plants at the Federal University
of Maranhdo, Bacanga Campus (2°38°07”’S; 44°19°16”W),
located in Sdo Luis, Maranhdo, Brazil. The plant species
was identified and a dried specimen was deposited in the
Atico Seabra Herbarium of the UFMA, under the catalog
N° HSLZ-01212.

Molluscicidal activity assay

The molluscicidal activity assay was performed in
B. glabrata, in accordance with the standards of the
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World Health Organization'®. Snails were collected in the
district of Sd Viana (2°33°30.38”S; 44°18°12.46”W), in Sdo
Luis, and housed in the laboratory for species identification
and detection of potential S. mansoni infection. Groups
of ten B. glabrata adult snails, with shell of 10-19 mm
diameter and free of S. mansoni infection, were exposed
to latex solutions with concentrations ranging from 0.5 to
100 mg/L. Each concentration was assessed in triplicate.
Snails of the control group were kept in dechlorinated
water. The snails were kept in different solutions for 24 h
at room temperature. After exposure, snails were washed,
transferred to containers with 500 mL of dechlorinated
water, fed with lettuce leaves and observed for four days
to assess mortality. Mortality was identified by shell
discoloration, full retraction of the cephalopodal mass into
the shell, loss of muscle contraction, hemolymph release,
and deterioration of the cephalopodal mass.

Toxicity bioassay

To investigate the possible action of latex in organisms
that live in the natural habitat of B. glabrata, we conducted
tests with adult Danio rerio (zebrafish) specimens,
according to the methodology described in the Brazilian
Association of Technical Standards'®. Groups of four
zebrafish were placed in glass containers with latex
dilutions, at a ratio of 1 gram of zebrafish to a liter of
test solution. The effect of test solutions was evaluated
in quadruplicates over 48 h in concentrations ranging
from 0.5 to 14 mg/L. Every 24 h, we counted the number
of dead animals and measured variables such as pH,
conductivity, dissolved oxygen and temperature, without
replacing the solutions. The negative control group was
represented by zebrafish kept in dechlorinated water. Both
the molluscicidal activity test and the toxicity bioassay
with D. rerio were performed according to the principles
of animal welfare in experimental science.

Phytochemical screening

Classes of secondary metabolites that were possibly
responsible for the molluscicidal action of E. umbellata latex
were identified through a phytochemical screening, which
was carried out according to the methodology proposed
by Matos?°. Diluted latex was subjected to several tests to
identify phenols and tannins (reaction with ferric chloride),
flavonoids (pH variation test with sodium hydroxide and
sulfuric acid), steroids and triterpenoids (Liebermann-
Burchard test), saponins (foam test), coumarins (UV light
test), and alkaloids (identification with Dragendorff, Hager
and Mayer).
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Statistical analysis

The evaluation of molluscicidal activity and latex toxicity
was performed by calculating the lethal concentrations
(LC,,, LC,;, and LC, ). The LCs were determined by probit
analysis using the SPSS 13.0 software.

RESULTS AND DISCUSSION

The E. umbellata latex showed high toxicity in
B. glabrata adult snails after 24 h exposure. No dead
mollusk was observed in the negative control group
throughout the experiment. Latex LC,, LC, and LC
values, as well as their respective 95% confidence intervals,
are shown in Table 1.

The effect of the alcoholic extract of E. umbellata
leaves on B. glabrata was studied by Hartmann et al.?",
who reported an LC,, of 40 mg/L. In our study, the LC, of
E. umbellata latex was 1.36 mg/L. These results indicate
that this product is highly toxic to mollusks.

Latex of other species of the Euphorbia genus has
also shown molluscicide potential in B. glabrata. An
aqueous solution of latex of Euphorbia tirucalli L., a plant
commonly known as “avelos” had an LC, of 85 mg/L in
B. glabrata®. Latex of Euphorbia conspicua L. was highly
toxic to these snails, with an LC, of 4.87 mg/L*°,

The mechanism by which aqueous latex solutions cause
the death of these snails is not completely known. However,
in this work, we observed retraction of the cephalopodal
mass followed by hemolymph release in the planorbids that
were killed by the tested latex. According to McCullough
et al.?*, molluscicides generally cause impairment of the
osmotic balance in mollusks, which is under neurohormonal
control. Consequently, two mechanisms could explain the
death of snails: the cephalopodal mass is retracted into the
shell with subsequent hemolymph release or the cephalopod
is projected out of the shell in an unusual way.

According to the World Health Organization?®, a product
is considered molluscicide when its LC, or LC,

100 mg/L. Considering this criterion, E. umbellata latex,
which had an LC, of 3.69 mg/L in 24 h, represents a feasible

is below

alternative strategy to control schistosomiasis in endemic
areas of Brazil. Furthermore, this latex is biodegradable,
inexpensive and obtained from renewable resources.

Danio rerio, commonly known as zebrafish, has
omnivorous feeding habits and can be easily bred under
artificial conditions®®. This species has been used to assess
the toxic effects of latex of Euphorbia splendens var.
hislopii®’. In the present study, assays with D. rerio were
performed to investigate the toxicity of E. umbellata latex
in non-target organisms. The concentration that killed 90%
of the fish (LC, ) was 10.70 mg/L (Table 1), which is higher
than the LC,, in the molluscicidal bioassay. However, it
is important to perform other toxicity tests using Artemia
salina, tadpoles and the fish Poecilia reticulata to ensure
that the application of latex in natural environments does
not cause damage to organisms that cohabitate with mollusk
disease-transmitters.

Phytochemical profile information not only facilitate the
study of a plant material, but also direct research related to
the use of this material for different purposes, such as the
production of new drugs and antibiotics, contributing to
the research of molluscicidal substances of plants®. In the
phytochemical study carried out with E. umbellata latex the
metabolites phenols, tannins, flavonoids, steroids, saponins
and alkaloids were not detected. Although saponins have
not been verified in the studied sample, these polar chemical
substances have high toxicity in snails and are considered
excellent molluscicidal agents.

In the Liebermann-Burchard test, after addition of 1 mL
of acetic anhydride and three drops of concentrated H,SO,
to the latex, the presence of triterpenes was detected in low
concentrations, indicated by the change from white to red
color of the latex. Previous studies have verified triterpenes
in latex of other Euphorbia species®*<. Triterpenes are
compounds commonly found in nature and difficult to
isolate when conventional chromatographic techniques are
employed. Most of the time, these chemical constituents are
obtained in mixtures of difficult analysis®'.

Coumarins in small concentrations in the latex were
detected by the formation of strong bluish fluorescence
under UV light. Despite the achievement of this result,

Table 1 - Toxicity of the latex from Euphorbia umbellata (Pax) Bruyns

LC,, LC,,
(95% CI%) (95% CI?)

. LC,,
Tested Organisms (95% CIe)
Snails 0.50 (0.110-0.871)
Biomphalaria glabrata
Adults 4.86 (3.233-5.841)

Danio rerio (zebrafish)

1.36 (0.716-1.815) 3.69 (2.832- 6.217)

7.22 (6.096-8.053) 10.70 (9.473-13.470)

aCl = Confidence interval.
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no records were found in the literature on the presence of
coumarins in resins. However, this metabolite class has
molluscicidal action. Gasparotto-Jinior et al.*® isolated
a coumarin, called (-) mammea A/BB, from leaves of the
plant Calophyllum brasiliense Camb., popularly known
as guanandi. The assay with B. glabrata revealed that the
isolated coumarin was highly toxic, exhibiting a CL,, de
1.47 mg/L.

Further studies are necessary to isolate and identify
the active compounds present in the latex and to test these
substances in B. glabrata mollusks.
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