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Biomphalaria glabrata is the main intermediate 
host involved in schistosomiasis in Brazil. Studies have 
shown that physiological stress conditions, such as in-
fection with Schistosoma mansoni, starvation, aestiva-
tion and exposure to molluscicides, can alter its carbo-
hydrate metabolism (Schwartz & Carter 1982, Becker 
1983, Bezerra et al. 1999, Alcanfor 2001, Mello-Silva 
et al. 2006a). These changes can alter the glycogenesis, 
gluconeogenesis and glycolysis in the snail.

One of most promising Brazilian molluscicides is 
the crude extract of Euphorbia splendens (Sin. Euphor-
bia milii), which under laboratory and field conditions 
meets the recommendations of the WHO for use as a 
natural molluscicide (Vasconcellos & Amorim 2003). 
Mello-Silva et al. (2006a, 2007) studied the influence 
of sublethal doses of the latex of this plant on the carbo-
hydrate and protein metabolism and reproductive biol-
ogy of B. glabrata and found strong metabolic changes 
leading to a reduction in its population and consequent-
ly in the transmission of the parasite. In spite of this 
potential, there are no studies of the influence of this 
product on the physiology of Biomphalaria infected 
with S. mansoni.

The present paper examines the action of the latex 
of E. splendens var. hislopii on the glucose content of 
the haemolymph and on the carbohydrate (glycogen) 
deposits of B. glabrata (BH strain) infected with S. 
mansoni (BH strain).

MATERIALS AND METHODS

Obtaining the latex of E. splendens var. hislopii - 
Samples of E. splendens var. hislopii latex were col-
lected in the autumn from plants cultivated in plots 
near the Biology Department, Fiocruz, in Rio de Ja-
neiro, Brazil. The latex was collected as described by 
Vasconcellos and Amorim (2003) on the same day the 
tests were conducted. 

Lethal dose experiment - Using the recently collect-
ed latex, an aqueous stock solution at a concentration 
of 100 mg/L was prepared and, from this, solutions of 
different concentrations were prepared for use in the 
bioassays. The lethal (LC90) and sublethal (LC50) con-
centrations were determined according to Vasconcel-
los and Amorim (2003), as recommended by the World 
Health Organization (1983) and Mott (1987). The LC50 
and LC90 values were, respectively, 1.0 mg/L and 2.3 
mg/L (Mello-Silva et al. 2006a).

Balloon flasks (1000 mL) were used and the latex 
solution was divided into two 500 mL glass beakers. 
The groups of B. glabrata (BH lineage), infected and 
uninfected, respectively, were placed in LC50 solutions 
and exposed for 24 h (Vasconcellos & Amorim 2003) 
at 21ºC. Two glass beakers received 500 mL of distilled 
water without latex 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 
remove the residues. The number of dead specimens 
was noted. 

Raising and infection of B. glabrata in the laboratory - 
Specimens of B. glabrata (Belo Horizonte - BH lineage), 
kept at the Laboratório de Esquistossomose Experimen-
tal/Instituto Oswaldo Cruz (LEE/IOC)-Fiocruz, RJ, 
Brazil were used. All the specimens of B. glabrata (600) 
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used in the experiments had shell diameters between 
8-10 mm. Weekly, 100 snails were individually infected 
with 5-8 S. mansoni miracidia isolated from eggs from 
Swiss albino mice maintained in the LEE/IOC-Fiocruz, 
according to the technique described by Souza and Lima 
(1990). The snails were grouped according to their infec-
tion stage (1 day and 1, 2, 3 and 4 weeks post exposure). 
In each period analysed, 100 infected and 20 uninfected 
snails (control) were used. Sixty infected snails were 
exposed to the LC50 concentration of latex and 40 were 
not exposed, to compare the effects of the E. splendens 
var. hislopii latex on the infected snails. The 20 infected 
snails not exposed to latex were maintained to observe 
cercaria shedding for 40 days. In addition, 20 uninfected 
and unexposed snails were used as controls. The snails 
were exposed for 24 h to E. splendens var. hislopii latex 
and then were washed in dechlorinated water. 

Haemolymph extraction and glucose and glycogen 
determination - After exposure (24 h and once a week 
until the 4th week), the haemolymph of the snails was 
extracted by cardiac puncture and transferred to mi-
crotubes. The haemolymph obtained was maintained at 
-10oC until its use for glucose determination (Doles®) 
(Pinheiro 2003). The glucose content was expressed 
as mg/dL. After that, the snails were dissected and the 
digestive gland and cephalopedal mass were separated, 
weighed and frozen for glycogen determination (Sumner 
1924, Pinheiro & Gomes 1994). The glycogen content 
was expressed as mg of glucose/g of tissue, fresh weight. 
The haemolymph and tissues were maintained in an ice 
bath during the collection procedure.

Statistical analysis - The results of the biochemical 
determinations were evaluated by the ANOVA, with the 
Tukey-Kramer test for comparison of the means (α = 5%) 

and Student t test for unpaired data. The mean values and 
standard deviations were assessed by first-order polyno-
mial regression analysis to verify the relation between the 
changes caused and the period of observation (α = 5%).

RESULTS

All infected snails not exposed to latex and main-
tained for 40 days were positive for S. mansoni cercaria. 

The glucose content in the haemolymph, glycogen 
levels in the digestive gland and cephalopedal mass 
in the different groups (control, infected unexposed 
and infected exposed to latex) (p < 0.05) are shown in 
Table. There were significant differences among these 
groups in all parameters. 

The results demonstrated that B. glabrata snails in-
fected with S. mansoni and exposed to E. splendens var. 
hislopii latex during the first day are physiologically sim-
ilar to snails observed in the first week without latex. In 
B. glabrata infected and exposed during the first week to 
latex, the increase in glucose content in the haemolymph 
(q = 24.605, p < 0.001) and glycogen in the cephalopedal 
mass (q = 67.719, p < 0.001) demonstrated changes in the 
gluconeogenesis pathway. The B. glabrata infected with 
S. mansoni in the first and second weeks with and with-
out E. splendens latex showed different physiological 
alterations. Under similar conditions (1st and 2nd week) 
without latex (q = 5.805, p > 0.05), the glucose content 
and glycogen levels in the digestive gland (q = 1.232, p 
> 0.001) were not significantly different. Therefore, the 
glycogen in the cephalopedal mass increased in these 
periods. When B. glabrata infected with S. mansoni was 
exposed to E. splendens latex, there was a significant 
decrease between glycogen in the digestive gland and 
the levels of glycogen in the cephalopedal mass. There 
was a significant difference in the glucose content in 

TABLE
Glucose content in the haemolymph and glycogen in the digestive gland and cephalopedal mass tissues in Biomphalaria 
glabrata in different periods analyzed - snails uninfected and unexposed to Euporbia splendens var. hislopii latex, snails 

infected by Schistosoma mansoni and unexposed and exposed to E. splendens var. hislopii latex

Snails groups

Glucose content 
(mg/dL)
X ± SD

Glycogen content in the  
digestive glanda 

X ± SD

Glycogen content in the 
cephalopedal massa

X ± SD

Uninfected and without latex 28.03 ± 17.98b 75.57 ± 17.07b 20.57 ± 5.15b

1st day without latex 34.28 ± 1.47b 20.45 ± 3.40c 3.79 ± 0.00c, e

1st day with latex 20.78 ± 2.93b, c, f 21.82 ± 10.65c 19.32 ± 2.74b, d

1st week without latex 16.62 ± 5.88c, f 12.50 ± 11.25d 19.32 ± 4.01d

1st week with latex 69.61 ± 7.35d 1.36 ± 0.003e 50.91 ± 0.78c

2nd week without latex 23.89 ± 10.28c, f 11.04 ± 3.94d 6.06 ± 1.99e

2nd week with latex 73.77 ± 16.16d 8.28 ± 1.29d 2.84 ± 1.72f

3rd week without latex 51.95 ± 5.88e 10.51 ± 0.98d 4.09 ± 3.85e

3rd week with latex 46.75 ± 30.85e 5.96 ± 0.74d 6.06 ± 1.00e

4th week without latex 17.66 ± 4.40f 25.68 ± 3.75f 8.71 ± 1.43g

4th with latex 34.28 ± 10.28g ND ± ND 10.74 ± 0.36g

a: mg of glucose/g of tissue, wet weight; ND: not determined; X ± SD = mean ± standard deviation. Different letters indicates 
means which differ significantly (α = 5%). 
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content in the haemolymph (Fig. 1) and the glycogen in 
the cephalopedal mass (Fig. 2) with the period after expo-
sure in both the infected unexposed and exposed groups. 
There was also a strong negative relation between the gly-
cogen content in the digestive gland and the period after 
exposure (r2 = 0.81) in both groups (Fig. 3).

DISCUSSION

Metabolic changes in the glucose and glycogen con-
tents have been observed in trematode-infected snails. 
The stress caused by the infection can lead to accelera-
tion of gluconeogenesis caused by the increased con-
sumption of glucose from the haemolymph by the larval 
trematodes. Some authors have shown that the reduction 
in the content of this monosaccharide in the haemolymph 
is related to the glycolytic activity associated with glu-
coneogenesis inhibition (Stanislawsky & Becker 1979, 
Becker 1980, Liebsch & Becker 1990).

The larval intramolluscan development of S. man-
soni causes an intense drainage of nutrients in the host. 
These are continuously withdrawn from the haemo-
lymph of the host snail, causing changes in the composi-
tion of its haemolymph (Becker 1980, Pinheiro & Amato 
1994). In response to this drainage, the glucose levels in 
the haemolymph are changed, causing an acceleration 
of the catalytic activity of the glycogenolysis pathway 
(Tielens et al. 1992). In this study, the results showed that 
the energy expenditure caused by the trematode infec-
tion and the latex exposure can cause an increase in the 
ATP consumption and acceleration of glycolysis. This 
probably slows down the snail’s locomotion. When the 
mother sporocysts change to daughter sporocysts near 
the digestive gland, glycogen degradation from this or-
gan occurs. The larvae are located in the interfollicular 
tissue and are bathed by the haemolymph, from which 
they obtain the glucose needed for the glycogenesis pro-
cess. They excrete lactate as the final substance of an-
aerobic metabolism (Bezerra et al. 1999).
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Fig. 1: relation between the glucose content in the haemolymph, as mg/dL,  
of Biomphalaria glabrata infected with Schistosoma mansoni and the pe-
riod after exposure, to 24 h, to Euphorbia splendens var. hislopii latex.
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Fig. 2: relation between the glycogen content (mg of glucose/g of tissue, 
wet weight) in the cephalopedal mass of Biomphalaria glabrata, infected 
with Schistosoma mansoni, exposed and unexposed to Euphorbia splen-
dens latex and the period after exposure, in weeks.
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Fig. 3: relation between the glycogen content (mg of glucose/g of tissue, 
wet weight) in the digestive gland of Biomphalaria glabrata, infected with 
Schistosoma mansoni, exposed and unexposed to Euphorbia splendens 
latex and the period after exposure, in weeks.

the haemolymph (q = 23.161, p < 0.001) and glycogen in 
the cephalopedal mass (q = 6.903, p < 0.001) of infected 
B. glabrata in the second week with and without latex, 
but in the third week, with and without latex, there were 
no significant differences in parameters (glucose in hae-
molymph, q = 2.414, p > 0.05; glycogen in the digestive 
gland, q = 3.554, p > 0.05; glycogen in the cephalopedal 
mass, q = 4.223, p > 0.05). After four weeks, the glycogen 
levels in the digestive gland of B. glabrata infected with S. 
mansoni and exposed to E. splendens latex had declined 
to levels that were impossible to detect. Comparison of 
both groups, with and without latex exposure, showed that 
there was a significant difference in glucose content (q = 
7.717, p < 0.001) and glycogen levels in the digestive gland 
(q = 20.060, p < 0.001). The polynomial regression analy-
sis showed a weak negative relation between the glucose 
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In the first week of larval development of S. manso-
ni, the snails, both those exposed and those not exposed 
to the latex, showed a reduced glucose level in the hae-
molymph (hypoglycaemia), causing a reduction in the 
glycogen content of cephalopedal mass. The low level 
of glucose in the haemolymph slows glycogenesis and 
accelerates gluconeogenesis. The hypoglycaemic effect 
in trematode-infected animals indicates the glycemic 
regulation also observed in Lymnaea stagnalis and ver-
tebrates (Livingstone & de Zwaan 1983). The homeosta-
sis of glucose content in the haemolymph of B. glabrata 
was observed by Thompson and Lee (1986).

Changes in the carbohydrate metabolism in snails ex-
posed to molluscicide substances, such as Bayluscide®, 
and natural substances, such as the plant Tetrapleura tet-
raptera have been reported (Adewunmi et al. 1988). Al-
canfor (2001) reported a reduction of the glucose content 
of the haemolymph of B. glabrata exposed to Stryphno-
dendron adstringens, Stryphnodendron polyphyllum and 
Caryocar brasiliense, plants from the Brazilian cerrado 
(savannah). The consumption of glycogen from the diges-
tive gland and cephalopedal mass was also observed by 
Mello-Silva (2005) and Mello-Silva et al. (2006a), using 
sublethal doses of the raw latex of E. splendens var. his-
lopii. A similar result was obtained by Mello-Silva et al. 
(2006b) with aqueous extracts of Solanum malacoxylon.

In this study, the variation in glucose content was 
analysed in snails exposed to a sublethal latex dose 
for 24 h. It is possible to suppose that the S. mansoni-
infected B. glabrata snails are more susceptible than 
uninfected snails to the latex of E. splendens, showing 
severe depletion in the carbohydrate deposits and an 
alteration in glycemia. 

This study shows the possibility of using the latex of 
E. splendens as a natural selective molluscicide in the 
control of the B. glabrata population infected with S. 
mansoni to control schistosomiasis transmission.
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