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EVALUATION OF TEMPORAL, SEASONAL AND GEOGRAPHIC STABILITY OF THE
MOLLUSCICIDAL PROPERTY OF Euphorbia splendens LATEX
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SUMMARY

Laboratory tests with aqueous solutions of Euphorbia splendens var. hislopii
latex have demonstrated seasonal stability of the molluscicidal principle, with LD30
values of 1.14 ppm (spring), 1.02 ppm (fall), 1.09 ppm (winter), and 1.07 ppm (summer)
that have been determined against Biomphalaria tenagophila in the field. Assays
on latex collected in Belo Horizonte and Recife yielded LD90 values similar to those
obtained with the reference substance collected in Rio de Janeiro (Ilha do Gover-
nador), demonstrating geographic stability of the molluscicidal effect. The mollus-
cicidal action of aqueous dilutions of the latex in natura, centrifuged (precipitate)
and lyophilized, was stable for up to 124 days at room temperature (in natura)
and for up to 736 days in a common refrigerator at 10 to 12°C (Iyophilized product).
A 5.0 ppm solution is 100% lethal for snails up to 13 days after preparation, the
effect being gradually lost to almost total inactivity by the 30th day. This observation
indicated that the active principle is instable. These properties together with the
wide distribution of the plant, its resistance and adaptation to the tropical climate,
its easy cultivation and the easy obtention of latex and preparation of the mollus-
cicidal solution, make this a promising material for large-scale use in the control
of schistosomiasis.
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INTRODUCTION

The molluscicidal activity of “coroa de Cris-
to” (Euphorbia splendens var. hislopii) latex
has been demonstrated by VASCONCELLOS &
SCHALL (1986), proving that this is a natural
substance with high potential for large-scale use
in the control of schistosomiasis.

Many plants are being tested as mollusci-
cides all over the world, as indicated by reviews

by KLOOS & McCULLOUGH (1987), who repor-
ted 571 species studied, in addition to approxi-
mately 500 plants tested in China (KUO, 1987)
and 344 in Brazil (JURBERG et al, 1989). The
last authors emphasized two species of the fami-
ly Euphorbiacea (one of them being E. splen-
dens) and one of the family Sapindacea which
induce 100% mortality at concentrations below
10 ppm, among 26 other species of several fami-
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lies that are lethal at concentraions below 100
ppm.

Among the species of the genus Euphorbia
tested as molluscicides, particularly interesting
are E. gymnoclada(SILVA et al, 1971), E. cotini-
folia (PEREIRA et al, 1978) and E. lactea
(ABOUL EL HASAN et al, 1980), which have been
studied in terms of aqueous, alcohol or hexane
extraction processes of parts of the plants (stem,
leaves, roots). Experiments have been conduc-
ted by JURBERG et al, (1985) on E. tirucalli
and by VASCONCELLOS & SCHALL (1986) on
E. splendens to test aqueous latex solutions on
vector snails of schistosomiasis. SINGH &
AGARWAL (1988) also tested the latex of 4 Eu-
phorbia species against Lymnaea acuminata,
the intermediate host of Fasciola hepatica, with
positive results.

Among the plants tested against Biompha-
laria sp., E. tirucalli (avelos) is quite toxic to
other animals and to humans (PIO CORREA,
1931), and E. cotinifolia is also very toxic to the
human skin (RIZZO &?ORFIRIO, 1971). These
authors applied E. splendens latex to their own
skin and noted only a slight passing irritation,
concluding that thisis the least toxic of the three
plants of the same family tested. More recent
tests on mice have shown that lethal doses (acu-
te toxicity) and sublethal (repeated) doses are
much higher than the LD90 detected for snails
(MATTOS et al, 1989). It was also demonstrated
low toxicity for the skin and eyes of rabbits (FREI-
TAS et al., 1990). Microbial mutagenicity bioas-
says have also demonstrated that the latex has
no mutagenic activity (SCHALL et al,, 1991) at
the concentrations tested.

Other assays have shown that E. splendens
also has medicinal effects, as reported by RAO
& SUSSELA (1982), who, in a chemical study
of the plant, isolated a few steroids, one of which
(citrostadienol — Ia) known to have anti-inflam-
matory activity. Asreported by LEE et al, (1982),
the stem, roots and latex of E. splendens are
used in Chinese folk medicine as natural reme-
dies for hepatitis and abdominal edema. In a
study of chloroform extract of the stems and lea-
ves of the plant, these investigators identified
a substance, lasiodiplodine, which has antican-
cerigenic properties, i.e., it inhibits the growth
of leukemic lymphocytes. No reference to nega-
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tive effects of E. splendens has been made in
the NAPRALERT system (FARNSWORTH et
al, 1981).

Samples of Euphorbia milii, synonym to E.
splendens were studied by MARSTON & HEC-
KER (1983, 1984). The authors identify several
diterpene (miliamines A to I) that exhibit, at the
most, an irritant activity, neither of them are
tumor promoters. Therefore, tests should be do-
ne to investigate the possible presence of phor-
bol esters in hislopii variety.

These data indicate that E. splendens latex
is a promising substance for use as a mollus-
cicide, since it satisfies most of the criteria poin-
ted out by MOTT (1987) as recommended by the
WHO for this use, i.e., it is lethal to snail vectors
of schistosomiais atlow concentrations, itiseasy
to extract and to prepare, and can be directly
manipulated by the population of endemic
areas, which is mostly involved in agricultural
activities.

In view of these favorable characteristics, the
objective of the present study was to evaluate the
possibilities of utilizing the product in natura
throughout the year and to keep it under different
storage and temperature conditions, in order
to facilitate its use and expand the possibility
of use on any type of occasion and in different
aquatic environments.

MATERIAL AND METHODS

Plant Description

According to PIO CORREA (1931), Euphor-
bia splendensis an ornamental plant originating
from Madagascar and introduced into Brazil
where it is grown in gardens as a living fence.
1t is commonly known as “bem-casados” (hap-
pily married)and “coroa de Nossa Senhora” (Qur
Lady’s crown) in Minas Gerais, “duas amigas”
(two girl friends) in Bahia, “martirios” (martyr-
dom) in other regions, and “Coroa de Cristo”
(Crown of Christ) in Rio de Janeiro. The plant
consists of a short shrub with long and contorted
branches covered with many thorns, leaves bun-
ched at the tip of the branches, and small red
bracts. The variety tested in the present study
is hislopii, which reaches a larger size. Plant ma-
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terial has been identified in the Botany Depart-
ment, National Museum, Rio de Janeiro.

Snails

The animals used in the experiments were
of the species Biomphalaria tenagophila, collec-
ted in the field in the Alto da Boa Vista, Agua
Santa, Vista Alegre and Pendotiba areas (Rio
de Janeiro), with a shell diameter ranging from
10 to 14 mm, and of the species Biomphalaria
glabrata, reared in the laboratory and originally
from Touros (RN), with a shell diameter of
12 = 1 mm.

Latex extraction and preparation of latex dilu-
tions and concentrations

For the assays performed in the present stu-
dy, latex samples of proven mulluscicidal ability
were always collected at the same site (Ilha do
Governador, Rio de Janeiro) to avoid possible
variations due to factors such as soil, climate
ete., which affect plant metabolism and active
substance concentration, as demonstrated by
LUGT (1987).

White latex was drained into test tubes after
tapping the stem of the plant with a scalpel inci-
sion. The tubes were hermetically sealed and
carried to the laboratory for the preparation of
mother solutions and of the desired concentra-
tion, which procedure was described by JUR-
BERG et al., (1985).

Tests with the mollusks

The experiments were performed according
to the methodology recommended by the WHO
(1965, 1983).

In all assays, the animals were exposed for
24 hours (period of exposure) to the various latex
concentrations, and a control group was exposed
only to the diluent (distilled water). Thirty ani-
mals per concentration were divided into two
groups of 15 snails each and placed in two 1000
ml beakers (experiment and replicate) each con-
taining a 750 ml volume (50 ml per animal). Du-
ring the period of exposure the flasks were left
at room temperature and the animals were not
fed.

At the end of the period of exposure, the
animals were removed from the flasks, washed
and rinsed several times in distilled water to re-
move excess molluscicidal solution. The control
snails were similarly washed to standardize
handling, and dead snails were counted. After
this the snails were returned to the beakers, now
containing only distilled water, and left there
for 24 hours. During this period they were fed
round lettuce leaf slices (5 slices measuring 2
cm each per flask).

After this phase, surviving and dead animals
were counted and the lethal doses (LDS0 and
LD50) were computed by probit analysis
(FINNEY, 1971).

Such tests of this type were performed du-
ring each season of the year to determine possi-
ble seasonal variations of the molluscicidal ef-
fect, the latex being used no more than on day
afterits collection. Latex samples from two other
regions (Belo Horizonte and Recife) were also
test of to determine possible geographic varia-
tions.

Evaluation of storage time effect on Mollusci-
cidal activity

Storage time efect was evaluated using 1)
latex in natura collected and stored in sealed
test tubes maintained at room temperature, 2)
centrifuged latex. Centrifugation was carried
out at 2500 r.p.m. for 5 minutes at room tempe-
rature, resulting after latex heating, in separa-
tion of a precipitate and a supernatant. The active
portion (deposit) was tested immediately after
centrifugation or after storage at room tempe-
rature. 3) Lyophilized latex obtained by proces-
sing in an Edwards apparatus over 48 hours. The
lyophilized material was tested immediately af-
ter preparation or after a period of storage at
room temperature and in the refrigerator. The
lyophilized material was diluted with distilled wa-
ter containing 3% ethanol (v/v).

Evaluation of the durability of the mollusci-
cidal effect

Two 30 X 45 X 70 cm aquaria were prepared
with a standard substrate used to rear snails
in the laboratory. One was filled with 80 liters
of filtered and dechlorinated water (control), and
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the other with 80 liters of a solution of E. splen-
dens latex at 5.0 ppm concentration. Successive
tests were carried out on 30 animals (15 per aqua-
rium) to evaluate the durability of the mollus-
cicidal effect. One day after the introduction of
the snails, both aquaria were inspected daily and
dead snails were counted and removed. The ani-
mals that survived the experiment were marked
and returned to the aquarium together with 15
new snails. Seven tests were conducted, for a
total duration of 31 days. On the 26th day, the
bottom of the 2 aquaria was stirred and new
groups of 15 animals each were introduced to
determine a possible sedimentation of the latex.

RESULTS

Seasonal and geographic evaluation of the mo-
Huscicidal activity of Euphorbia splendens la-
tex

The tests described in the previous section
demonstrated stability of the molluscicidal ef-
fect over the seasons of the year. LD90 was 1.14
ppm (spring), 1.02 ppm (fall), 1.09 ppm (winter)

against B. tenagophila from Alto da Boa Vista
and Agua Santa, RJ, and 1.07 ppm (summer)
against B.tenagophila from Pendotiba, RJ (Gra-
phic I). LD90 values for animals from the last
area were higher than those for animals from
the remaining regions. Similarly two other tests
carried out in the spring of 1988 and 1989, after
periods of rain and at unseasonably cold tempe-
ratures, revealed LD90 values higher than 5.0
ppm. This latex of low activity was lyophilized
in 1989 and after this process produced a letha-
lity similar to that observed previously, i.e., 100%
mortality starting from 0.8 ppm.

The tests with latex collected in Belo Hori-
zonte and Recife revealed an LD90 of 0.73 and
1.33 ppm, respectively, i.e., values similar to tho-
se obtained for the reference material from Ilha
do Governador, RJ (Graphic II).

Evaluation of storage period

Latex in natura at room temperature

After 3 days of storage at room temperature,

GRAPHIC |
Stability of the molluscicidal effect of the latex of Euphorbia splendens var. hislopii of the year.
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GRAPHIC I

Geographic stability of the molluscicidal effect of the latex of Euphorbia splendens var. hislopii (Samplés

from Belo Horizonte (MG) and Recife (PE).
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the latex colected in November 1989, showed a
LD90 of 1.14 ppm on B. tenagophila from Agua
Santa, RJ. After 43 days of storage a replicate
resulted in an LD90 of 0.82 ppm. Finally after
124 days of storage (maximum time tested) a
LD90 of 0.84 ppm was observed against animals
from the same collection area (Graphic III), de-
monstrating the molluscicidal action of the latex
was stable over 4 months of storage.

Centrifuged latex

Bioassays of the precipitate and the super-
natant from centrifuged latex indicates that the
former contained molluscicidal activity. This
fraction was tested against B. glabrata from
Touros, RN, maintained in the laboratory. Two
subsequent tests after 35 and 61 days of storage
using B. tenagophila from Agua Santa, revealed
LD90 of 1.56 and 2.80 ppm, respectively, sugges-
ting a gradual loss of molluscicidal activity with
time.

-5 Recife (x=13,6)

Lyophilized latex

Bioassays of lyophilized latex, tested
against B. glabrata from the laboratory, de-
monstrated 100% mortality starting from 1.0
ppm. Subsequent tests against B. tenagophila
from Agua Santa and Jacarepagua using the lyo-,
philized latex stored in the refrigerator at 10 to
12°C, showed that the molluscicidal effect was
maintained up to 736 days (more than 2 years)
of storage (maximum time tested), the LD90 of
2.1 ppm, was a little higer than the range norma-
lly obtained for the newly collected material. Ho-
wever, the LD90 obtained after 370 days of stora-
ge was lower (0.5 ppm) than the value obtained
at 91 days (1.5 ppm). Besides this, the LD90 of
129 days was 1.1 ppm, of 163 days was 1.4 ppm
and 197 days was 1.8 ppm, demonstrating that
the molluscicidal activity seems to be slowly and
gradatively diminishing, but still very efficient.
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GRAPHIC lIi
Stability of the latex “in natura® of Euphorbia splendens var. hislopii storage at room temperature.
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Evaluation of the durability of the TABLE 1
molluscicidal effect in the aquaria Durability of the molluscicidal effect in the aquaria.
Number of animals
The results showed that the 5.0 ppm latex Control  Experimental
solution produced 100% mortality up to the 13th ‘ Situation  Situation
R Experiments Day of
day of the experiment (Table 1). 19 days old, solu- Observation Deads Deads
tion was still lethal for 93.3% of the animals (only
one surviing) (experiment E). During this phase A 2 0 (0,0%) 15 (100%)
the snails died gradually during the 4 days after B 5 1 (6,6%) 15 (100%)
their introduction into the aquarium and not c 8 0 (0,0%) 14 (93,3%)
on the first day after introduction as in experi- 9 0 (0,0%) 15 (100%)
ments A, B and C of (Table 1). 22 days old, solu- D 12 4(26,6%) 13 (86,6%)
tion killed only 5 of the 15 animals submitted 13 4(26,8%)  15(100%)
to the test, 10 being still alive after the 4th day E 17 0 (0,0%) 0 (0,0%)
. . 18 0 (0,0%) 10 (66,6%)
of the experiment (26th day, experiment F (Ta- 19 0 (0.0%) 14 (93.3%)
ble 1). In all experiments, most of the control ' ’

. . . F 23 1(8,6%) 0(0,0%)
animals survived (Table 1). In the experiment 24 1 (6.6%) 2(13.3%)
G, (Table 1), deposited material was resuspended 25 1(6,6%) 5(33,3%)
and the molluscicid activity was tested. Only 4 26 1 (6,6%) 10 (66,6%)
animals died after 5 days of observation. All this a 27 0(0,0%) 1(6,6%)
indicated a gradual loss of molluscicidal effect 30 0(0,0%) 3 (20,0%)

31 0 (0,0%) 4(26,6%)

which suggested that the product is instable.
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DISCUSSION

The present study demonstrated the stabi-
lity of the molluscicidal principle of E. splendens
latex over the 4 seasons of the year and after
at least 4 months of storage. Thus, the latex sa-
tisfies important prerequisists set by the WHO
(1965) such as: a) being an aqueous extract which
is active at concentrations of less than 20 ppm,
easy to collected and prepare; b) showing no to-
xicity to mice and rabbits (MATTOS et al, 1989,
FREITAS et al, 1989, RIZZO & PORFIRIO,
1971) or to man (RIZZO & PORFIRIO, 1971) at
the lethal dose found to snails; ¢) showing no
acute toxicity or mutagenic activity at the con-
centrations that are been proposed for mollus-
cicide (SCHALL et al., 1991); d) originating from
an ornamental plant which does not inspire any
aversion among the population leading to possi-
ble prejudice against its use; e) reported to have
medicinal properties in other countries (LEE et
al., 1982); f) adapted to the great majority of Brazi-
lian regions, resistant, easy to cultivate and wide-
ly distributed all over Brazil.

These characteristics, taken as whole, repre-
sent a set of attributes that have not been detec-
ted in any other plant to be potentially used
as a molluscicide in Brazil.

Among the most promising plants found to
have a molluscicidal action, Phytolacea dode-
candra, or ENDOD, which has been reported to
be appropriate for the control of snail vectors of
schistosomiasis by KLOOS & McCULLOUGH
(1982), who compared its action to that of synthe-
tic molluscicides, as Niclosamide. However, this
African plantis not common in Brazil and requires
several years of growth before the first fruits
from which the molluscicidal substance is ex-
tracted will ripen. In addition, the extraction
process is responsible for variability in the lethal
concentrations.

In contrast, since in E. splendens it is the
latex the part of the plant from which the mollus-
cicidal principle is extracted, its easy tapping
and preparation allow its utilization in a simple
and inexpensive manner by rural communities
in programs initially supervised but later self-
supported for the control of transmission. An

additional advantage is that the plant is availa-
ble throughout the year.

Furthermore, the active principle is also
being investigated and highly active fraction
against snails (LD90 = 0.008 ppm) has been iden-
tified and has been found to be lethal for fish
at 7 fold concentration (LD%0 = 0.052 ppm) (ZA-
NI et al, 1989). This result is better than of niclo-
samide which is widely used in Brazil. The LD90
for snails of niclosamide is similar to the LD90
for fish (JURBERG et al., 1985).

However, as discussed by TANAKA et al,
(1986), extrapolation of laboratory results to the
field should be questioned, especially in terms
of transposition of lethal doses and period of ex-
posure to the substance.

A number of studies need to be conducted
on this latex to establish the viability of snail
control in small rural communities, as recom-
mended by LUGT (1987). The agricultural as-
pects of E. splendens should also be evaluated
in order to determine an extraction cost unit
capable of offering a measure of the latex volume
extracted per cultivated area.

Other toxicologics studies are needed to
conclude about the possible toxics properties of
the substance and some ofthem are beeing done.

On the other hand the mechanism of action
of the latex on mollusks should be investigated.
SINGH & AGARWAL (1988) demonstrated that
E.royleana and E. antisyphilitica act inhibiting
acetylcholinesterase and reducing the levels of
endogenous 5-hydroxytryptamine, epinephrine
and dopamine in the nervous system of L. acumi-
nata, thus affecting the neurotransmitting me-
chanisms of the mollusks in an abrupt manner.

Considering the estimated number of Brazi-
lians currently infected with S. mansoni (6 to
8 million), the confirmation of the molluscicidal
potential of latex from other regions of the coun-
try among those of highest disease endemicity
(Minas Gerais and Northeast) has been descri-
bed is highly positive, and it may represent a
reduction in the costs involved in the control
of Schistosomiasis disease in programs of local
use by each community allied to a health educa-
tion effort.
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RESUMO

Avaliacdo da estabilidade temporal, estacional
e geografica da acdo moluscicida do latex da
Euphorbia splendens.

Testes de laboratoério com solugdes aquosas
do latex da Euphorbia splendens var. hislopii
demonstraram uma estabilidade estacional da
atividade moluscicida do produto coletado na
Ilha do Governador — RJ, encontrando-se as
seguintes DL90: 1,14 ppm (primavera); 1,02 ppm
(outono); 1,09 ppm (inverno) e 1,07 ppm (verio)
sobre Biomphalaria tenagophila de campo. En-
saios com o latex da planta coletado em Belo
Horizonte e Recife, identificaram DL90 seme-
lhantes aos da substancia de referéncia coletada
no Rio, demonstrando uma estabilidade geogra-
fica do efeito moluscicida. Usando diluigbes
aquosas do latex in natura, centrifugado (preci-
pitado) e liofilizado, observou-se a estabilidade
da acdo moluscicida até 124 dias a temperatura
ambiente (in natura) e até 736 dias, estocado
em geladeira comum, entre 10 a 12°C (liofilizado).
A 5,0 ppm € 100% letal para caramujos, até 13
dias ap6s preparada, perdendo o efeito gradati-
vamente até estar quase inativa no 30° dia. Esta
observacaoindicousero principio ativoinstavel.
Tais caracteristicas, associadas alarga distribui-
¢do da planta, sua resisténcia e adaptacédo ao
clima tropical, seu facil cultivo, extracao do 14-
tex e preparacao da solucdo moluscicida, tor-
nam o produto promissor para o uso em larga
escala no contréle da esquistossomose.
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