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Abstract

Under laboratory conditions, latex from Euphorbia splendens has shown promise as a plant molluscicide for control
of Biomphalaria species, intermediate hosts for Schistosoma mansoni. The purpose of this study was to evaluate its
efficiency under field conditions. Application of filtered latex at 12 ppm to one stream in an endemic rural area in
Minas Gerais state, Brazil, in September 1995, did result in a reduction in snail density as compared to an untreated
stream but the snail population recovered quickly. However, two applications with a two-week interval of unfiltered
E. splendens latex at 5 ppm in November 1996 in the same stream resulted in complete disappearance of B. glabrata
and snails did not reappear until the 14th month after the applications. In the control stream, without treatment, the
snails were found during all months. Laboratory studies confirmed that unfiltered latex is a more potent molluscicide
than filtered latex. Considering the advantages of the latex such as its low toxicity to other aquatic animals and its
photobiodegradability, as well as the simple method of application, this natural product is promising as an effective
molluscicide. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Integrated schistosomiasis control programmes
are recommended by WHO (1994), and snail con-

trol is an important preventive strategy associated
with treatment of ill people, together with envi-
ronmental and socio-economic improvements and
health education with community participation.
Although chemical molluscicides are the most
used approach of snail control (WHO, 1994), the
majority of studies have demonstrated rapid re-
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colonization of the transmission sites by the inter-
mediate hosts (Pieri et al., 1995; Khallaayoune et
al., 1998). In Brazil, the use of niclosamide is
frequent and the recolonization requires frequent,
or at least, monthly applications (Pieri et al.,
1995), which are expensive and operationally im-
possible. Other side effects are reported in litera-
ture such as the lethal action of niclosamide on
non target organisms, such as Amphibia, fish and
aquatic plants (Andrews et al., 1983). For these
reasons, there are a lot of studies in order to
develop alternative measures of snail control. One
of them is based on the possibility to use a plant
or a plant derived product being of low toxicity
for the environment and other organisms as well
as being effective as a molluscicide.

Previous studies demonstrated the lethal action
of the latex of Euphorbia splendens var. hislopii
(Crown of Christ) on Biomphalaria glabrata, B.
tenagophila, B. straminea (snail hosts of Schisto-
soma mansoni in Brazil), B. pfeifferi (intermediate
host of S. mansoni in Africa) and Bulinus sp.
(snail host of S. haematobium in Africa). In these
studies LD90 values ranged from 0.13 to 4.0 ppm,
depending on the species tested (Vasconcellos and
Schall, 1986; Schall et al., 1998).

The phytochemical fractionation of the latex
revealed eight substances derived from the active
fraction. One of them, milliamine L, was lethal
(LD90) for snails at a concentration of 0.01 ppm
(Zani et al., 1993).

Extensive toxicological testing indicated that
the recommended field dosage is not harmful to
non target organisms (Schall et al., 1998). Latex
showed only little variation in potency over sea-
son and geographic area of harvesting (Schall et
al., 1992). Other tests have demonstrated that the
molluscicidal activity of the natural latex re-
mained unchanged after storage for 124 days in a
closed assay tube at room temperature and for
736 days in a closed bottle (lyophilized latex) in a
refrigerator at 10–12°C (Schall et al., 1992). Field
tests with the natural latex in lentic and lotic
environments killed 100% of B. glabrata and B.
tenagophila at concentrations of 5 and 12 ppm,
respectively (Baptista et al., 1992, 1994; Mendes et
al., 1992, 1997).

The present study has the objective to evaluate
the potential effect of E. splendens latex on inter-
mediate host snails in the field and to follow
recolonization of treated sites by these snails.

2. Material and methods

2.1. The study area

The field study was conducted at the rural area
of Comercinho, a municipality located in Vale do
Jequitinhonha, at the northeast region of the
State of Minas Gerais, 713 km far from Belo
Horizonte city. It is an hyperendemic area for
schistosomiasis, whose prevalence in the urban
area was in the order of 70% in 1981, prior to
initiating a large scale control programme. A later
survey showed that the prevalence of the disease
had dropped to 13% (Rocha, 1995).

Comercinho has 10 000 inhabitants, but only
2000 of them live in urban settings. The remaining
population is distributed in 66 rural communities
where sewage systems are unexistent. In the urban
area, 87.6% of the dwellings are connected to
waterworks.

2.2. Description of the streams and snail sampling
methods

The study was carried out in two streams. One
of them, Córrego Barrocão, the experimental, was
selected for not posing any risk to people through
contact with the latex solution in water. While
latex was applied in the experimental stream, no
molluscicide was applied in the stream Córrego
Areia (control). Density of B. glabrata was deter-
mined monthly from May 1995 to February 1997
and every 4 months from February 1997 to Janu-
ary 1998. The density of snails was evaluated by
taking 10-dips with a 20 cm diameter scoop net at
five pre-selected sites at 50 m intervals. The snails
collected were sent to a laboratory to be counted,
measured, examined for schistosome infections
and then disposed of. Presence or absence of
other animals that were found in the stream, such
as fishes and other mollusc species was noted.
This observation was not quantitative but only a
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register of the absence or presence of these ani-
mals. Ambient and stream water temperature and
the rainfall index were measured monthly in par-
allel to the evaluation of snails density.

2.3. Extraction of the latex and molluscicide
application

The latex was obtained by collecting drops
from cuts on the plant stem in E. splendens grown
in the gardens surrounding the Magalhães Pinto
Stadium in Belo Horizonte, MG, Brazil. Aqueous
solutions were applied with a watering can in the
headwaters of the experimental stream. Safety
instructions provided by McCullough (1992) were
followed at all stages of the application in order
to prevent any direct contact with the skin and
the eyes of the researchers. In all tests, 48 h after
applying the latex, snails were collected by scoop-
fuls and caught from sieves (a kind of trap, like a
Surber Sampler) placed at five different sites of
the streams (50 m apart) and sent to the labora-
tory where they were placed under observation
and examined for three days to evaluate their
mortality.

One application of 12 ppm of filtered latex was
made in September 95. The filtered aqueous solu-
tion of the latex was obtained by filtering it
through a funnel covered with a filter paper, so as
to remove the plant impurity. In November 1996
two applications of 5 ppm of unfiltered latex were
made with an interval of 15 days.

2.4. Laboratory tests of the latex solutions

Laboratory tests were performed at the Mala-
cology Laboratory from René Rachou Research
Center (Belo Horizonte, Brazil). Both filtered and
non-filtered latex solutions were tested against
young and adult B. glabrata, reared in the Mala-
cology Laboratory, descending from snails col-
lected in the Pampulha Lagoon (Belo Horizonte,
MG) and against adult B. glabrata from the field,
collected in Água Branca, municipality of Com-
ercinho (MG). The assays were done using 10
snails at each concentration and each concentra-
tion was repeated two or three times. The diame-
ter intervals used for the young and adults snails

from the laboratory were: 2–4, 5–7 mm (young)
and 8–10, 12–16, 16–25 mm (adults). The snails
from the field were adults, measuring 34–37 mm
in diameter. The latex concentrations of E. splen-
dens used in the assays varied from 0.1 to 1.2 ppm
(mg/l) comparing the solutions filtered and
unfiltered. The snails were exposed to the various
concentrations of the molluscicide for a period of
24 h, at a temperature of 22.5�1°C. The lethal
doses (LD50 and LD90) were computed by probit
analysis (Finney, 1971).

3. Results

3.1. Association between snail density and rainfall

The monthly fluctuations of B. glabrata are
shown in Figs. 1 and 2. The density of B. glabrata
decreased during December 95 and January 96,
the period of high rainfall. During 1996, a nega-
tive relation between the rainfall and density of
snails was observed. During the months where
rainfall was less than 5 mm (May to August), the
density of snails reached a peak, both in the
experimental and control streams (Figs. 1 and 2).
It was not possible to establish a correlation
between snail density and air or water tempera-
ture. Air temperature varied from 24 to 31°C and
water temperature from 22 to 31°C.

3.2. Effects of molluscicide applications

In the experimental stream (Fig. 1), the filtered
latex solution at 12 ppm applied on September 95
did not cause a 100% mortality among B. glabrata
snails. On the other hand, in November 96, the
application of the non-filtered latex solution re-
sulted in a mortality rate of 100% among the
snails collected after each application. Follow-up
surveys conducted until the 14th month after the
last two applications revealed no snails. In the
control stream (Fig. 2), slightly fewer snails were
found during the second year than during the first
year, but the pattern of fluctuation was similar
during the 2 years. In the experimental stream
Physa sp was observed during several months,
after the molluscicide applications, suggesting that
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Fig. 1. Monthly fluctuations of two size classes of Biomphalaria glabrata, young (�6 mm) and adults (�7 mm) at the stream
Córrego Barrocão, where latex of Euphorbia splendens was applied on September 1995 and November 1996, together with the
rainfall (mm).

Fig. 2. Monthly fluctuations of two size classes of Biomphalaria glabrata, young(�6 mm) and adults (�7 mm) at the stream
Córrego Areia selected as untreated control, together with the rainfall (mm).
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Table 1
Lethal concentrations (LD50 and LD90) obtained in laboratory testing the latex of E. splendens solutions without filtration (A1) and
filtered (A2), including the dose correction (d.c.)

Latex sample (A1) Diameter of snails (mm) LD50 (ppm) LD90 (ppm)

A1 (d.c.) A2 (d.c.) A1 (d.c.) A2 (d.c.)

LLaboratory snails 2–04 0.18 (0.01)a 0.22(0.02)a 0.32(0.03)a 0.41(0.04)a

0.26 (0.02)0.22 (0.01)5–07 0.61 (0.09)0.43 (0.04)
8–10 0.19 (0.01)a 0.23 (0.02)a 0.27 (0.02)a 0.44 (0.05)a

12–16 0.22 (0.02)a 0.27 (0.02)a 0.42 (0.05)a 0.43 (0.04)a

16–25 0.30 (0.02) 0.45 (0.05)
34–37 0.60 (0.04)aField snails 0.83 (0.09)a

a �2 test (P�0.05)

there was limited effects of the latex on this
species or that it was introduced after the
applications.

3.3. The laboratory obser�ations (Table 1)

Filtered latex was less toxic to B. glabrata than
unfiltered latex. The unfiltered solution (A1) pre-
sented high activity to the snails measuring up to
10 mm diameter and the filtered latex (A2 — solid
part) was less active than the A1, producing varia-
tions in the lethal doses (LD90), presumably as a
result of the great heterogeneity of this last solu-
tion. The liquid part of the filtered latex ( A3) was
not active in the concentrations tested from 0.1 to
0.8 ppm.

4. Discussion

The present field study has shown that latex of
E. splendens can be efficient in the control of B.
glabrata snails using the strategy of dual applica-
tions at an interval of 15 days. This strategy kills
all snails, including those that hatched after the
first application; the latex is not ovicidal at the
concentration used (Schall et al., 1998).

The delayed repopulation is probably related to
the fact that this stream is totally isolated, with-
out tributaries within the study area.

The present results are more important when
compared with several previous studies using
other molluscicide products such as niclosamide.

Despite the fact that niclosamide can exterminate
snails from treated sites, late follow-up surveys
have confirmed that vectors will invariably re-in-
fest areas about a month after treatment (Khal-
laayoune et al., 1998; Pieri et al., 1995). As
pointed out by Pieri et al. (1995), to maintain a
low prevalence of schistosomiasis, niclosamide ap-
plication must be repeated monthly along with
treatment of infected people. This strategy is too
costly and unfeasible at such intervals. Khallaay-
oune et al. (1998) also pointed out the necessity of
a second application to prevent the rapid recolo-
nization after the use of niclosamide. Thus, data
from the present study open even wider possibili-
ties for the use of the E. splendens latex in en-
demic areas in Brazil, which could be easier and
of lower costs to be applied repeatedly than
niclosamide. Besides this, an operational model
with the participation of the community can be
implemented using the structure of agricultural
schools for plant cultivation, extraction and appli-
cation of the latex. With this procedure, the com-
munity itself could disseminate the plant to the
margins of rivers and ponds that serve as focal
point of schistosomiasis transmission.

Data from Baptista et al. (1994, 1997) concern-
ing the cost–benefit ratio of the product and the
vegetative development and seed germination
confirm the potential use of the plant and its
large-scale culture using simple and feasible oper-
ational process. Besides this, extensive toxicologi-
cal evaluation of the latex and the miliamines
have been conducted and the results indicated
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that at the concentrations used in the field, as 5 or
12 ppm, there are no harmful effects to non-target
organisms and the environment (Schall et al.,
1998). The next step is under way in order to
repeat this longitudinal field study at other en-
demic areas and evaluate its impact on reducing
(and hopefully eradicating) the vector snails and
schistosomiasis prevalence among the target
population.
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