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Physiological changes in Biomphalaria glabrata Say, 1818
(Pulmonata: Planorbidae) caused by sub-lethal concentrations
of the latex of Euphorbia splendens var. hislopii N.E.B
(Euphorbiaceae)
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Molluscides have been used as one of the strategies to control schistosomiasis. Many plant extracts with
molluscidal effects have been tested, but the action of the latex of Euphorbiasplendens var. hislopii isconsidered the
most promising because it meets the recommendations of the World Health Organization (WHO). The objective of this
study was to determine the lethal dose and identify the effects of the different doses of latex of E. splendens var.
hislopii on the physiology of Biomphalaria glabrata submitted to treatment for 24 h. The concentrations of glucose,
uric acid and total proteins in the hemolymph and of glycogen in the digestive gland and cephalopodal mass were
determined. The LD, value was 1 mg/I. The highest escape index was found to be at a concentration of 0.6 mg/l. The
results showed that the latex of E. splendensvar. hislopii caused a sharp reduction in the reserves of glycogen in the
digestive gland and elevation of the protein content in the hemolymph of B. glabrata.
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The use of molluscides as one of the strategies to
control schistosomiasis beganin Brazil in 1976, with the
creation of the Special Schistosomiasis Control Program
by the National Health Foundation (Machado 1982). The
product used in the program was niclosamide, an ethano-
laminesalt of 2',5-dichloro-4'-nitrosalicylanilide, manufac-
tured under the trade name Bayluscide™, whose efficacy
had previously been established (Gonnert 1961). Appli-
cation of this product caused biocidal action on non-tar-
get plantsand animals (Andrewset a. 1983), besides caus-
ing genotoxicity and carcinogenic effects (Vegaet a. 1988).
Thehigh cost (Pieri 1995), the possihility of recolonization
of breeding grounds (Sarquis et al. 1997, 1998), and the
ecological toxicity of thisproduct were limitationson its
use as an official molluscide in government programs to
control schistosomiasis.

At the same time, various plants were tested as natu-
ral molluscides. Jurberg et a. (1989) studied over 340 spe-
cies, pointing out the Euphorbiaceae and Sapindaceae
families as having the greatest number of species with
effectivemolluscidal potential. Thefollowing specieshave
been studied: Anacardium occidendale (Pereira& Souza
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1974), Euphorbia pulcherrima, Euphorbia splendens,
Caesalpinia peltophoroides, and Stryphnodendron
adstringens (Mendes et al. 1984). Of these, E. splendens
stands out for its molluscidal activity in doses under 0.5
mg/l, eight times smaller than the lethal dose for fish
(Vasconcellos & Schall 1986).

Some questions have arisen in the selection of plant
molluscides, such as: toxicity, availability, annual growth,
adaptability to different local conditions, and location of
molluscidal activity in partsof the plant that easily regen-
erate, such asthe leaves. To be eligiblefor use, a product
must be storable and remain viable for at |east one year;
be physically and chemically stable; have ethnobotanical
value; and be easy to extract and apply, preferably in aque-
ousextracts (Kloos & McCullough 1982). Considering all
these criteria, in 1998 the Oswaldo Cruz Institute (10C,
Fiocruz, RJ) obtained abiotechnol ogy patent on amethod
to collect, extract and apply E. splendens var. hislopii
latex asamolluscide (Vasconcellos 2000).

In the published works on plants with molluscidal ac-
tion and their standardization, recommended by the WHO,
emphasisis placed on the use of products with high snail
mortality at low doses. Histological studies with snails
submitted to the action of chemical or natural molluscides
demonstrate that the L D, can produce histological dam-
ageto the snails, with changesin their vital functions, or
death, depending on the affected organ (Pile at al. 2002,
Aradjoetal. 2002, Sdo Luiz 2003).

The objectives of the present study wereto determine
the lethal dose and identify the physiological effectsasa
function of sublethal concentrations up to LD, using the
latex of E. splendens var. hislopii against B. glabrata.
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MATERIALS AND METHODS

Obtaining the latex of E. splendens var. hislopii -
Samplesof E. splendensvar. hislopii latex were collected
in the autumn from plants cultivated in plots near the Bi-
ology Department, Oswaldo Cruz Institute (Fiocruz), in
RiodeJaneiro, Brazil. Thelatex was collected asdescribed
by Vasconcellos and Amorim (2003), on the same day the
tests were conducted.

Raising B. glabrata in the [aboratory - Specimens of
B. glabrata (Belo Horizonte — BH lineage), kept at the
Fiocruz Helminthol ogy Department in Rio de Janeiro were
used. The snails were placed in 30-liter polyethylene
aguariums, with dechlorinated water. The average water
temperaturewas 28.5 + 1°C and the rel ative humidity var-
ied from 70to 78% throughout the experiment. Threetimes
aweek we cleaned the aquaria and fed the snails ad libi-
tumwith lettuce leaves (Lactuca sativa L .). All the speci-
mens of B. glabrata used in the experiments had shell
diameters between 8 and 10 mm.

Determining the lethal and sublethal concentrations
of the latex of E. splendens var. hislopii - Using the re-
cently collected latex, an agueous stock solution at acon-
centration of 100 mg/l was prepared, and from this pre-
pared solutions at the different concentrations for use in
the bioassays. This procedure follows the methodol ogy
described and employed by Vasconcellos and Amorim
(2003) and recommended by the WHO (1983) and by Mott
(1987).

Thefollowing concentrationsweretested: 0.2, 0.4, 0.6,
0.8,1.0,15,2.0,2.5,3.0,4.0,5.0and 10.0 mg/l. Balloon
flasks (1000-ml) were used and the volume of each solu-
tion divided into two 500 ml beakers. Ten specimens of B.
glabrata (BH lineage) were placed in each recipient at
each concentration, and exposed to this solution for 24 h
(Vasconcellos & Amorim 2003). Two beakersreceived 500
ml of distilled water without latex, with ten snailsin each
beaker, as a control group. None of the snails was fed
during this period.

After the latex exposure period, the snails were re-
moved from the flasks and rinsed in distilled water to re-
move theresidues, noting the number of dead specimens.
The snails that presented water-leaving behaviour to the
solutions at each concentration were separated, placed
in glass cups containing 50 ml of distilled water, kept there
for another 24 h, counted and eliminated from the experi-
ment. Those that remained in the solutions during expo-
sure were kept in other recipients containing 500 ml of
distilled water for afurther 24 h (recovery period). During
this period, they were fed fresh lettuce leaves.

The dead and surviving animals were again counted
48 h after the test. The hemolymph of the surviving snails
was extracted by cardiac puncture and each sample placed
in an Eppendorf microtube. The snailswere then dissected
without anesthesia for separation of the digestive glands
and cephal opodal mass, in order to analyze the glycogen
content. All the biological materialswere kept inice baths
during collection and stored at —18°C, for subsequent pro-
cessing and analysis.

Theletha dose concentrations (LD,) were calcul ated
using aprogram employing probit analysis (Finney 1971).

Biochemical assays - Concentrations of glucose, uric
acid, urea and total proteins were determined in the
hemolymph of B. glabrata snails exposed to the different
concentrations of latex of E. splendens var. hislopii (ex-
pressed in mg/l). To determinethetotal proteins, we used
the technique described by Lowry et al. (1951). For the
other determinations, we used laboratory diagnosis kits
(Doles Reagentes).

Extraction of the glycogen from the digestive gland
and cephalopodal massfollowed the technique described
by Pinheiro and Gomes (1994). The concentrations of
glycogen were determined by reaction with 3,5-
dinitrosalicylic acid (DNS) (Sumner 1924) and expressed
in mg of glucose/g of tissue, fresh weight.

Three repetitions were performed of the spectropho-
tometric readings.

Satistical analysis - The results of biochemical as-
says were expressed as mean + standard deviations and
subjected to a variance analysis test (ANOVA) to the
Tukey-Kramer test, and to Student’s t-test for unpaired
datafor comparing the means (a=5). Polynomial regres-
sion tests were used to verify the significance of therela-
tion between the alterations observed and the latex con-
centration.

RESULTS

Determining the lethal and sublethal concentrations
- Table | shows the molluscidal activity of the different
concentrations of aqueous solutions of thelatex in natura
of E. splendensvar. hislopii against B. glabrata.

Thelethal concentration (LDg,) was 2.3 mg/l and the
sublethal concentration (LD,) was 1 mg/l. The mortality
of B. glabrata wasdirectly proportional to the latex con-
centration applied, with rising concentration (2= 16.03,
Gl =13, p>0.05). There was ho mortality in the control
group without latex.

With doses below L D, anincreasing number of snails
left the water: 25% at concentrations of 0.2 and 0.4 mg/I,
and 30% at 0.6 mg/l (Tablel).

Table Il shows the levels of glycogen and free glu-
cose in the hemolymph of B. glabrata in function of the
dose of E. splendens latex. There was no significant dif-
ference among the glycogen contents in the tissues of B.
glabrata in function of exposure to different latex con-
centrations. Therewasasignificant differencefor thefree
glucose content in the hemolymph of the snails treated
with alatex concentration of 0.4 mg/l when compared with
the other groups.

By polynomial regression analysis, the concentration
of glycogen in the digestive gland of B. glabrata showed
asignificant negative relation (r? = 0.80) with the latex
concentration. However, the relation between the con-
tent of this polysaccharide in the cephalopodal mass
showed awesk positiverelation (2= 0.64) (Fig. 1) withthe
concentrations tested.

The regression test demonstrated aweak negative re-
| ation between the glucose content in the hemolymph and
the different concentrations of E. splendenslatex (Fig. 2).

Significant variations of protein content were observed
inthetreated snail swith different concentrations of latex
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TABLE |

Number of survivors of Biomphalaria glabrata, at different concentrations of Euphorbia splendens|atex, and water-leaving
behavior between 24 and 48 h (n=20 for each concentration)

Exposure 24 hours

Survivors after 48 hours

Concentration Left Did not leave Did not leave
(mgll) water 2 (%) Alive (%) Dead (%) Alive (%) Tota (%)
Control 04 (20) 16 (80) 0 16 (80) 20 (100)
0.2 05 (25) 15 (75) 0 15 (75) 20 (100)
0.4 05 (25) 15 (75) 0 14 (70) 19 (95)
0.6 06 (30) 14 (70) 0 14 (70) 20 (100)
0.8 03 (15) 14 (70) 03 (15) 14 (70) 17 (85)
1.0 01 (5) 10 (50) 09 (45) 09 (45) 10 (50)
15 02 (10) 04 (20) 14 (70) 01 (5) 03 (15)
2.0 01 (5) 03 (15) 16 (80) 0 01 (5)
25 0 01 (5) 20 (100) 0 0
3.0 0 0 20 (100) 0 0
35 0 0 20 (100) 0 0
4.0 01 (5) 0 19 (95) 0 01 (5)
45 0 0 20 (100) 0 0
5.0 0 0 20 (100) 0 0
10.0 0 0 20 (100) 0 0
a: all snailsthat left the water were still alive after 48 h.

TABLE Il

Concentrations of glucose in the hemolymph (mg/dl) and of glycogen in the tissues (mg of glucose/g of tissue, fresh weight) of the
digestive gland and cephal opodal mass of Biomphalaria glabrata treated with Euphorbia splendens|atex

Concentrations

Glucose (mg/dl)

Glycogen (mg of glucose/g of tissue, fresh weight)

Hemolymph Digestivegland Cephalopodal mass
Latex (mg/)) X +SD X + SD X + SD
Control w/o latex 39.50+ 29442 7.00+0.372 578+ 1.46%
0.2 33.24+11.752 13.63+1512 1.03+0.632
0.4 155.84 + 14.70 P 13.36 + 10.90 @ 3.22+1012
0.6 4675+ 13222 8.80+0.242 1.73+1.042
0.8 4987+ 5882 411+0522 9.09+5202
1.0 3948+ 8812 193+0.122 9.09+5202
a,b: datafollowed by letters showed statistical difference (P> 0.05).
A " y=1232-8,321x
cg 307 2= 0,80 S 200 » y=6501-846.x
24 digestive gland 2 r* =0,80
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Fig. 1: relation between the glycogen concentration (mg of glucose/
g of tissue, fresh weight) in the tissues of the digestive gland (M) and
cephalopodal mass (A ) of Biomphalaria glabrata treated with
different doses of Euphorbia splendens latex (mg/l).

Latex concentration (mg/l)

Fig. 2: relation between the glucose concentration (mg/dl) in the
hemolymph of Biomphalaria glabrata treated with solutions at
different concentrations of Euphorbia splendens latex (mg/l).
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when compared with the control group (Tablelll), show-
ing a gradual increase with increasing latex concentra-
tion. Regression analysisrevealed a strong positive rela-
tion between the total protein content in the hemolymph
of B. glabrata and the latex concentration (Fig. 3).

The degradation of proteins caused by thelatex led to
changes in the concentrations of the nitrogenous prod-
ucts, urea, and uric acid (Figs 4, 5).

31 = y=0,40+223x
r’=0,89

Total protein concentration

0-4 =

r T T T 1
0.00 0.25 0.50 0.75 1.00
Latex concentration (mg/l).

Fig. 3: relation between the concentration of total proteins (mg/dl)
in the hemolymph of Biomphalaria glabrata and the different
doses of Euphorbia splendens latex (mg/l)
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o
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Latex concentration (mg/l)

Fig. 4: relation between the concentration of urea (mg/dl) in the
hemolymph of Biomphalaria glabrata and the different doses of
Euphorbia splendens latex (mg/l).

DISCUSSION

Because there have previously been no studies con-
ducted on the physiological effects of the action of E.
splendens var. hislopii latex on B. glabrata, the main in-
termediate host of S. mansoni in Brazil, at the concentra-
tions recommended by the WHO (Mott 1987), this study
isgroundbreaking. The objectiveisto minimizethe envi-
ronmental effects on the limnic ecosystem.

As there are small seasonal variations in the lethal
latex concentration against Biomphalaria tenagophila
recorded by Schall et al. (1992), we conducted the present
study with latex collected during one season, autumn, in
order to avoid seasonal variations in the composition,
and thusin the latex’s effect on the snail.

The high escape percentage observed at concentra-
tionsof 0.2, 0.4 and 0.6 mg/l arein accord with datacited
in the literature, such as the studies by Pieri and Jurberg
(1981), Jurberg et d. (1985) and Sarquiset d. (1997, 1998),
where the various authors associate this movement to
the toxic properties of natural and synthetic molluscides.
This behavior shows an attempt by the snails to escape
from an environment whose conditionsthreaten their sur-
vival. Jurberg et al. (1985) found that the water-leaving
behavior was observed less often when the snails were
exposed to concentrations nearer the lethal and sublethal
doses. This response was also observed in our study
when the snailswere kept in latex concentrations above 1
mg/Il. Probably this response is due to a high level of in-
toxication, impairing their ability to move.

According to Thompson and L ee (1986), molluskshave
very precise mechanismsto regulate glycemia. Hence, the
significant elevation observed in the glucose content of
the hemolymph of B. glabrata exposed to a concentra-
tion of 0.4 mg/l of E. splendenslatex, in the present study,
might be evidence of abreak in the glucose homeostasis
in the snail’s organism, which was not observed at the
other concentrations used. Similar changeswere described
by Livingstone and Zwaan (1983). The existence of
glycostatic mechanisms was also pointed out by Liebsch
and Becker (1990), who observed an elevation of thegly-
cemia and the hemolymph volume in snails that were
starved, while these levels were lower in those infected
with S. mansoni.

TABLE Il

Variation in the concentration of total proteins, ureaand uric acid in the hemolymph (mg/dl) of Biomphalaria glabrata treated
with different doses of Euphorbia splendens latex

Concentrations

Latex (mg/l) Total proteins (mg/dl) Urea(mg/dl) Uricacid (mg/dl)
X +SD X +SD X +SD
Control 0+02 7.16 + 2.64 2d 496+0902
0.2 1.39+0.05P 0+0 bd 3.44+0.342
0.4 1.08+0.05P 0+0 bd 405+0.182
0.6 151+0.14P 19.10+1.93°¢ 0+t0¢
0.8 2.18+0.16¢ 2.73+0.014 0.64+0.22b
1.0 2.76 +0.134 0+0Qbd 5040+0.802

a, b, ¢, d: data followed by letters showed statistical difference (P> 0.05).
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The peak glucose level in the hemolymph coincides
with the concentration at which the lowest concentration
of total proteins was observed. According to Christie et
al. (1974), most of the hemolymph glucose originatesfrom
gluconeogenesis, which agrees with the results obtained
in the present study.

Liebsch et a. (1978) observed that in anesthetized
snails, the hemolymph glucose content was altered, dem-
onstrating a relation between the hemolymph glucose
content and muscular activity of B. glabrata. In our study,
therisein the glycogen content of the cephal opodal mass
could be related to the reduced ability to move shown by
the snails exposed to higher latex concentrations. Other
physiological stress processes, such as intoxication by
heavy metals,immobilizetheanimal, generating adistress
syndrome (Nolan et al. 1953, Harry et a. 1957, Duncan
1987), providing backing for our observations.

Changesin the metabolism of carbohydratesand pro-
teins have been observed in snails submitted to other
plant extracts with molluscidal activity. Adewunmi et al.
(1988) verified that both Bayluscide” and the plant
Tetrapleura tetraptera reduced the carbohydrate and pro-
tein contents in tissues of the cephalopodal mass and
digestive gland of B. glabrata. Alcanfor (2001) found a
reduction in the glucose content in the hemolymph of B.
glabrata subjected to treatment with Stryphnodendron
adstringens, S. polyphyllum and Caryocar brasiliense,
all plants of the Brazilian cerrado (savannah regions).
Regarding the level of total proteinsin the hemolymph,
this author verified that extracts of the leaves of S.
adstringens and C. brasiliense reduced the level of pro-
teinsin 12 to 24 h in comparison with the control group.
She also observed histological aterationsin B. glabrata
subjected to these extracts, with degeneration of the di-
gestive gland, but without elevation in the total
hemolymph protein levels.

The rise in the content of total proteinsin the snails
could berelated to the accel eration in the devel opment of
gluconeogenesis with the progressive level of intoxica-
tion caused by higher concentrations of E. splendens la-
tex. Theuseof latex at asub-lethal concentration (1 mg/
| = LDg,) suggests the occurrence of injury to the organs
of B. glabrata. Aralijo et al. (2002) and Pile et a. (2002)
demonstrated histological changes, describing degenera-
tion and tissue death in snails submitted to intoxication
from productswith molluscidal activity. Bodeet al. (1996)
observed that in B. glabrata exposed to an extract of
Tetrapleura tetraptera, there was an increase in the num-
ber of secretory cells and reduction in the number of di-
gestive cells in the digestive gland, and also an intense
autolysis of membranous structures, such as those of the
Golgi complex, mitochondriaand endoplasmic reticulum.
These alterations could lead to cell lysis, resulting in the
release of alarge quantity of proteins, mainly from cells of
the digestive gland. This change was also observed by
Pinheiro et al. (2001), through anincreaseinthe TGO lev-
elsin the hemolymph of Bradybaena similaris submitted
to severe starvation. These alterations are in agreement
with those recorded for the physiological response of
mollusks to distress, such as starvation, estivation and
infection with S. mansoni (Becker 1980, 1983).

The breakdown of proteinstriggered as aresponse to
intoxication by the latex in the present study led to the
changed concentrations of the nitrogenous excretion prod-
ucts, ureaand uric acid. From the beginning of theintoxi-
cation process, the snails' uricotelic pattern is altered,
with apeak of uric acid in those exposed to adose of 0.6
mg/l. The uric acid concentrations demonstrate that in
the period when there was apeak concentration of ureain
the hemolymph, the nitrogenous products that otherwise
would have been excreted as uric acid were probably in-
stead excreted as urea, alesstoxic metabolite, which can
be stored in greater quantity and eliminated more easily
by the organism, since it lives in a watery environment.
Starting from this concentration val ue, the snail began to
show apredominantly uricotelic excretion pattern, in physi-
ologically distressed animals the urea cycle accelerates
and they begin to excrete uric acid in higher concentra-
tions(Becker 1980).

Considering that the latex of the plant was demon-
strated as one of the most promising molluscicides, mini-
mizing the environmental effects on the limnic ecosys-
temit can beutilized asalternative control of B glabrata,
the main intermediate host of S. mansoni. This study is
thefirst that evaluated the physiological effects caused
by molluscicides in B. glabrata and resultscan motivate
further investigations.
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