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Abstract The effect of infection by Echinostoma paraensei
on the activity of the enzymes alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) and the
concentration of total proteins, uric acid and urea in the
hemolymph of Biomphalaria glabrata were investigated
after exposure to five or 50 miracidia. The biochemical
concentrations were measured weekly until the end of the
fourth week after exposure. There was a significant decrease
in the concentrations of total proteins in the snails exposed
both to five and 50 miracidia, as well as an increase in the
nitrogenous products of excretion, ALT and AST activities.
The higher ALT activity in the hemolymph of the snails after
infection with 50 miracidia suggests highest energetic
requirement in these snails in relation to snails exposed to
five miracidia. The results also suggest an increase in the use
of total proteins, since there was increased formation of

nitrogenous catabolites, in conformity with an increase in the
aminotransferase activities, frequently associated with tissue
damages. This can be explained by damage due to
penetration by the miracidia and subsequent development
of intramolluscan sporocysts and rediae.

Introduction

Echinostoma paraensei is a trematode species that can
infect snails of genera Biomphalaria, Physa, and Lymnaea
(Maldonado et al. 2001a). It was first described in naturally
infected specimens of Biomphalaria glabrata (Lie and
Basch 1967). Subsequently this trematode was isolated
from its natural host, the wild rodent Nectomys squamipes
(Maldonado et al. 2001b). Both B. glabrata and N.
squamipes are natural hosts of Schistosoma mansoni
(Maldonado et al. 2001c, 2006). During its intramolluscan
development, E. paraensei presents both sporocyst and
redia stages that migrate through the host snail’s tissues,
causing tissue destruction, and impairing its metabolic
processes (Fried et al. 2004; Pinheiro et al. 2004a).

Infection by trematodes can change the biochemical
characteristics of the hemolymph of snails (Perez et al.
1994; Bandstra et al. 2006). The higher energy demand
resulting from infection by trematodes results in redirection
of the metabolic routes, such as that of the proteins. When
infected by parasites, snails drastically increase their
mobilization of carbohydrates. The glucose concentration
in the hemolymph is severely reduced and the snails resort
to their reserves from the digestive gland and cephalopedal
mass. This has been shown to be related to the intoxication
caused by the increase in nitrogenous products of excretion
(Pinheiro and Amato 1994, 1995). This mobilization
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depends on various factors, such as number of parasites and
age of the snail, and is followed by compensatory
phenomena until the individual’s death after exhausting
the energy reserves or intoxication by excess nitrogenous
catabolites (de Souza et al. 2000).

Several studies have shown significant changes on the
biological patterns of infected snails by different miracidial
doses (Massoud 1974; Sluiters et al. 1980; Vasquez and
Sullivan 2001). Théron et al. (1992) studying the functional
relationship of B. glabrata/S. mansoni with different
miracidial doses observed that snails subjected to plurimir-
acidial infections showed smaller digestive gland relative to
infected snails with a low parasitic load, indicating a
balance of space and energy between the development of
the parasite/host. In this context, our group observed that,
although changes in the reproductive profile of B.glabrata
infected with E. paraensei occur, this was independent of
the miracidial dose used (Tunholi et al. 2010).

In this paper, we revisit the idea of the possible interference
of miracidial dose in relation to biochemical changes as
additional tools for comparative studies using systemic
parameters that allow a more specific way to provide many
of the changes observed. For this, we analyzed the concen-
trations of total proteins, uric acid and urea, along with the
activity of L-aspartate/2 oxoglutarate aminotransferase
(E.C.2.6.1.1; AST) and L-alanine/2 oxoglutarate aminotrans-
ferase (E.C.2.6.1.2; ALT), in B. glabrata resulting from
experimental infection by different miracidial doses (five or
50 miracidia) of E. paraensei as parameters of metabolic
changes and tissue injury (Blasco and Puppo 1999; Pinheiro
et al. 2001).

Material and methods

Obtaining the E. paraensei miracidia

Four-week-old hamsters were gastrically infected with 50
metacercariae and then euthanized and necropsied after
4 weeks of infection to obtain adult E. paraensei worms.
The uterus of each helminth was dissected to release the
eggs, which were incubated in dechlorinated tap water and
kept in a BOD chamber at 26°C for 14 days. After this
period, the eggs were exposed to light (100 W) to stimulate
miracidia hatching (Pinheiro et al. 2004a, b, 2005).

Experimental infection of B. glabrata
(Sumidouro, RJ isolate)

The snail specimens were obtained from a breeding stock
maintained in the Laboratório de Esquistossomose Exper-
imental of Instituto Oswaldo Cruz, Rio de Janeiro, Brazil.
They were then kept in 2-L glass aquariums (ten snails/

aquarium) and fed ad libitum every other day with lettuce
(Lactuca sativa L.) for 1 week, to allow them to adapt to
the experimental conditions. Three groups of 40 snails were
formed: a control, not exposed to miracidia, and two
infected. The infected groups were individually exposed
to either five or 50 miracidia for 24 h (Sluiters et al. 1980;
Vasquez and Sullivan 2001). These doses were used to
characterize low and high parasitemia, since in nature there
is no way to control these parameters and the sucess of
infection is related to the presence and number of snails and
miracidia. Then these snails were transferred to new
aquariums and maintained as described previously. The
tests were performed in duplicate.

Dissection and collection of the hemolymph

Each week after infection ten specimens from each group
were randomly chosen, dissected and the hemolymph was
collected by heart puncture and maintained at −10°C until
utilization for the biochemical analyses. The haemocytes
were removed after a centrifugation step (5 min–103 rpm).

Aminotransferases activities (AST and ALT)

To test for aminotransferases activities, 0.5 ml of substrate
for ALT or AST (solution containing 0.2 M L-alanine or
0.2 M L-aspartate; 0.002 M α-cetoglutarate and 0.1 M
sodium phosphate buffer, pH 7.4) was incubated at 37°C
for 2 min. Then, 100 or 200 μl of hemolymph (for ALT and
AST, respectively), were added, homogenized and again
incubated at 37°C for 30 min. After this, 0.5 mL of
0.001 M 2,4 dinitrophenylhydrazine was added and the
solution was kept at 25°C for 20 min. The reactions were
interrupted by adding 5 mL of 0.4 M NaOH. The readings
were taken in a spectrophotometer at 505 nm (Kaplan and
Pesce 1996) and the results were expressed as URF per
milliliter.

Determination of total proteins

This assay was performed according to the biuret technique
(Weichselbaum 1946). A mixture of 50 μl of hemolymph
and 2.5 ml of the biuret reagent (0.114 M trisodium citrate,
0.21 M sodium carbonate and 0.01 M copper sulfate) was
homogenized and left at 22°C for 5 min, after which the
readings were taken in a spectrophotometer at 550 nm. The
results were expressed as grams per dilliliter.

Determination of the concentrations of uric acid and urea

Tomeasure the uric acid level, 50μl of hemolymph was mixed
with 2ml of the dye reagent (100mmol/L of sodiumphosphate
buffer [pH 7.8] containing 4 mmol/L of dichlorophenol-
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sulfonate, 0.5 mmol/L of 4-aminoantipirina, 120U≤uricase,
4.980U≤ascorbate oxidase, 1.080U≤peroxidase). The mixture
was homogenized and incubated at 37°C for 5 min. The
readings were taken in a spectrophotometer at 520 nm (Bishop
et al. 1996), and the results were expressed as milligrams per
dilliliter.

The urea concentration was measured by adding 2 ml of
a solution containing 60 mmol of sodium salicylate,
3.4 mmol of sodium nitroprusside and 1.35 mmol of
disodium EDTA. Then 2 μl of urease and 20 μl of
hemolymph were added. This mixture was homogenized
and incubated at 37°C for 5 min. The readings were taken
in a spectrophotometer at 600 nm, and the results were
expressed as milligrams per dilliliter (Connerty et al. 1955).

Statistical analyses

The results obtained were expressed as mean±standard
deviation, and the Tukey test and ANOVA were used to
compare the means. A polynomial regression was calculated
to analyze the relation between the values obtained and the
infection time, and for the parasite load to which the snails
were exposed (α=5%; InStat, GraphPad, v.4.00, Prism,
GraphPad, v.3.02, Prism, Inc.).

Results

There was a significant increase in the AST and ALT
activities in the snails infected with five and 50 miracidia
(Table 1). There was a direct relation between the infection
period and the enzyme activities, indicated by the high r2

values (r2=0.95 and 0.94 for ALT and r2=0.99 and 0.99 for
AST, for the snails infected with five and 50 miracidia,
respectively) (Figs. 1, 2).

The ALTactivity increased by 329% at the end of the fourth
week of infection by five miracidia (123.30±2.65 URF/ml)
relative to the control group (28.74±3.11 URF/ml; Fig. 1a).
Likewise, infection with 50 miracidia caused an increase of
326% in ALT activity 4 weeks after exposure (122.67±3.14
URF/ml), and this increase was even higher 3 weeks after
infection (126.11±4.39 URF/ml), although the difference
between this result and that of the fourth week was not
significant (Fig. 1b).

The AST activity also increased significantly with time
of infection, with the highest values occurring 4 weeks
post-infection for snails infected both with five and 50
miracidia (39.41±3.44 URF/ml and 134.61±1.97 URF/ml,
respectively). The increase in AST activity was 3.42 times
greater in the snails infected with 50 miracidia than in those
infected with five miracidia (Fig. 2a, b).

The total protein levels in the hemolymph of B. glabrata
infected with E. paraensei were significantly different from
the uninfected specimens (Table 2). There was a strong
negative relation between the time of infection and the total
protein content in the hemolymph of the snails infected with
five miracidia (r2=0.98) (Fig. 3a) and for those infected with
50 miracidia (r2=0.98) (Fig. 3b). There was a 41.46%
decline in the total protein levels in the snails infected with
five miracidia four weeks after infection (4.73±0.51 g/dl) in
comparison with the control group (8.08±0.39 g/dl). This
reduction was even more pronounced in the snails infected
with 50 miracidia 4 weeks after infection (2.97±0.29 g/dl).

The infection of B. glabrata with both five and 50 E.
paraensei miracidia caused changes in the metabolism for
nitrogenous products of excretion, with increases in the
concentrations of uric acid and urea in the hemolymph of
the snails at the end of the test period (Table 2).
Nevertheless, there were weak relations (r2=0.53 and r2=
0.84) for the urea content in the snails infected with five

Table 1 Variation in the total protein (grams per dilliliter), uric acid, and
urea (milligrams per dilliliter) contents in the hemolymph of Biompha-
laria glabrata experimentally infected with five and 50 miracidia of

Echinostoma paraensei, in different periods of infection, expressed in
weeks

Period of
infection (weeks)

Total protein (g/dl) Uric acid (mg/dl) Urea (mg/dl)

Mean±SD

5 50 5 50 5 50

0 8.0896±0.3922 a 10.0480±0.2016 a 0.1146±0.0119 a

1 5.9415±0.1871 b 8.8070±0.5458 a 2.2731±0.2938 b 4.245±0.7600 b 0.0600±0.0087 b 0.0945±0.0092 a

2 4.6783±0.5672 c 6.1442±0.1429 b 4.0344±0.1380 c 5.600±1.4050 b 0.1670±0.0213 c 0.1393±0.0008 b

3 4.7173±0.3986 c 3.8128±0.0330 c 10.3720±0.6943 a 15.430±0.1710 c 0.1637±0.0279 c 0.1412±0.0132 b

4 4.7329±0.5190 c 2.9707±0.2986 c 12.2838±0.3937 d 15.068±1.7500 c 0.1762±0.0165 c 0.1754±0.0075 c

The period zero (0) represents the mean value of control groups of each week of analysis. Means followed by different letters (a–c) did differ
significantly (α=5%)

Mean±SD=mean±standard deviation
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and 50 miracidia, respectively, and weak relations as well
(r2=0.74 and r2=0.66) for the uric acid content in the snails
infected with five and 50 miracidia, respectively. Further-
more, despite the overall increase at the end of 4 weeks of
infection, there were decreases of 47.64% (0.060±
0.008 mg/dl) and 77.37% (2.273±0.293 mg/dl) in the
concentrations of urea and uric acid, respectively, in the
hemolymph of B. glabrata infected with five miracidia
when compared with the control group (0.114±0.011 mg/dl
and 10.048±0.201 mg/dl, respectively) one week after
infection (Figs. 4a and 5a). Similar results were observed
for the snails infected with 50 miracidia (Figs. 4b and 5b).
The results of the control group (0 weeks of infection) did not
change during the 4 weeks analyzed, for this reason they were
grouped and expressed as a mean (Figs. 1, 2, 3, 4, and 5).

Discussion

One of the most important features of the present study is
the time course assessment of infection with different
miracidial doses of E. paraensei on the metabolic patterns
of the snail host, B. glabrata. Ultimately, this continuation
of earlier studies developed by our group yields insights
into some mechanisms associated with response of B.
glabrata to different miracidial doses, and it provides the

first description of metabolic changes in snails infected by
different doses of E. paraensei miracidia.

Many studies have shown changes in the metabolism of
snails infected by larval trematodes, particularly in the
concentrations of carbohydrates. The interaction between
the intermediate host and the helminth parasite causes
hypometabolism of snail hosts, which begin to use their
metabolic reserves to maintain their vital functions, as well
as to supply the energetic requirements of the larvae during
their development stages. Hence, these changes lead to a
negative energy balance, characterized by consumption of
glycogen from digestive gland and cephalopedal mass, and
galactogen deposits in the albumen gland (Pinheiro and
Amato 1994). In this fashion, infected snails begin to use
non-carbohydrate sources to survive and reproduce, resulting
in many physiological alterations (Pinheiro et al. 2009) and a
process of compensatory fecundity as observed in the E.
paraensei–B. glabrata model (Tunholi et al. 2010).

The decrease in the total protein contents in the
hemolymph of parasitized snails suggests the use the
carbon structures obtained from gluconeogenic amino
acids, because as mentioned earlier, changes in the
metabolism of carbohydrates have been observed in snails
under physiological stress, especially caused by infection
by trematode larvae (Pinheiro and Amato 1994; Lustrino et
al. 2008; Oliveira et al. 2008). In addition, the decrease in

Fig. 1 Relationship between the
ALT activity, expressed in URF
per milliliter, in the hemolymph
of Biomphalaria glabrata
infected by five (a) and 50
(b) Echinostoma paraensei
miracidia and the time, in
weeks. Zero (0) represents the
mean values of the snails in the
control group obtained at the
end of each week (1, 2, 3, and
4 weeks). a–c Means differ
significantly (mean±SD)

Fig. 2 Relationship between the
AST activity, expressed in URF
per milliliter, in the hemolymph
of Biomphalaria glabrata
infected by five (a) and 50 (b)
Echinostoma paraensei miracidia
and the time, in weeks. Zero (0)
represents the mean of the snails
in the control group obtained at
the end of each week (1, 2, 3,
and 4 weeks). a–c Means differ
significantly (mean±SD)
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the total proteins contents in the hemolymph of snails likely
would be related to the amino acid absorption by larval
trematodes during development stages in the snail, because
a relationship between the number of larvae to which snails
were experimentally exposed and the total protein levels in
the hemolymph was observed, with a reduction of 63.25%
in the snails infected with 50 miracidia compared with
those infected with five miracidia 4 weeks after infection. A
similar result was observed by Pinheiro and Amato (1994),
studying Bradybaena similaris infected with larval Eury-
trema coelomaticum. These authors suggested that the
sporocysts attach themselves to the outside surface of the
host’s digestive gland, where they are bathed by the
hemolymph and can remove glucose monomers to maintain
their intense metabolic processes during larval development.
Therefore, it is possible that a similar situation occurs,
characterized by absorption of amino acids from proteins by
the larval stages of E. paraensei.

Freshwater snails typically have a uricotelic excretion
pattern because the availability of water allows uric acid to
be easily removed (Becker 1980). However, changes are
observed in the excretion pattern of snails exposed to

adverse situations, such as infection by trematode larvae
(Becker and Schmale 1975; de Souza et al. 2000).

Significant increases in the urea concentrations in the
hemolymph of B. glabrata infected with both five and 50
E. paraensei miracidia were observed, with the highest
concentrations at 4 weeks after infection. A similar relation
occurred in the content of uric acid. This suggests that the
parasites are able to stimulate the snail host to change the
routes for formation of nitrogenous products of excretion
during the course of the infection. Probably the increased
concentration of nitrogenous products results from the
increased catabolism of proteins to meet the infected snail’s
energetic requirements. As a consequence of this, the amino
acids are deaminated and directed to glucose synthesis, with
accumulation of detoxified nitrogenous products through
the formation of uric acid and urea, whose concentrations
increase in the hemolymph of infected snails (Becker and
Schmale 1975; de Souza et al. 2000).

After the first week of infection the concentrations of
urea and uric acid decreased in the snails infected with five
and 50 miracidia, although at the end of the experiment the
levels of urea and uric acid increased in the infected snails.

Table 2 Aminotransferase (ALT and AST) activity (UFR/ml) in the
hemolymph of Biomphalaria glabrata experimentally infected with

five and 50 miracidia of Echinostoma paraensei, in different periods
of infection, expressed in weeks

Period of
infection (weeks)

ALT (URF/ml) AST (URF/ml)

Mean±SD

5 50 5 50

0 28.7447±3.1185 a 0 a

1 74.7604±2.2610 b 96.3229±2.8360 b 0 a 59.9466±4.239 b

2 82.6770±5.9480 b 99.8645±11.3210 b 6.0800±3.418 b 89.2800±3.666 b

3 99.8645±3.0350 c 126.1145±4.3900 c 20.7466±1.007 c 114.3466±3.402 c

4 123.3020±2.6580 d 122.6770±3.1460 c 39.4133±3.449 d 134.6133±1.973 c

The period zero (0) represents the mean value of of control groups of each week of analysis. Means followed by different letters (a–c) did differ
significantly (α=5%)

Mean±SD=mean±standard deviation

Fig. 3 Relationship between the
concentration of total proteins,
expressed in grams per dilliliter,
in the hemolymph of Biompha-
laria glabrata infected by five
(a) and 50 (b) Echinostoma
paraensei miracidia and the
time, in weeks. Zero (0) repre-
sents the mean of the snails in
the control group obtained at the
end of each week (1, 2, 3, and
4 weeks). a–c Means differ
significantly (mean±SD)
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Thompson et al. (1991) also observed lower levels of urea
in B. glabrata infected with S. mansoni, corroborating the
results here. Similarly, de Souza et al. (2000), studying B.
similaris infected by E. coelomaticum, observed a marked
reduction in the levels of urea in the hemolymph of the
snails from 30 until 40 days after infection, although this
species is a land snail. This fact suggests that in the beginning
of the infection, the snails use compensatory physiological
mechanisms in the process of excretion of nitrogenous
products, exhibiting another predominant mechanism of
excretion, which is already postulated for the species Achatina
fulica Bowdich, 1822 (Hiong et al. 2005).

The steady increases in the levels of both amino-
transferases analyzed are in line with the reduction in
protein levels and the increased concentrations of urea and
uric acid. This is probably related to the greater gluconeo-
genesis activity, with higher consumption of carbon
structures from the amino acids, reduction of the total
protein concentrations and accumulation of nitrogenous
products of excretion. AST and ALT are key enzymes
related to amino acids metabolism, because they relate the
amino acids to the metabolic routes involved in generating
energy, particularly the Krebs cycle. The increase in the
activity of these enzymes can be a sign of heightened
energy demand, resulting in the mobilization of potential

energy sources, including amino acids (Masola et al. 2008;
Pinheiro et al. 2001).

The increases of AST and ALT were more pronounced
towards the end of the pre-patent period when the
formation of rediae occurs. Larvae at this stage are
capable of causing damage to the host’s tissues because
they have an oral aperture, by which the parasites ingest
tissue fragments (Pinheiro et al. 2004a). The amino-
transferases have been suggested as valid markers of
tissue injury, especially in the digestive gland, an organ
similar to the liver, where carbohydrates are stored,
proteins are recycled and nitrogenous products of excre-
tion are formed (Blasco and Puppo 1999; Pinheiro et al.
2001).

The results observed in this study indicate that infection
with five or 50 E. paraensei miracidia causes considerable
metabolic changes in the B. glabrata, mainly in digestive
gland because this site is the site of various metabolic
routes and by the physical contact of some larval stages that
are hosted in this organ, as shown by Pinheiro et al.
(2004a). Ultimately, the infection with 50 miracidia caused
greater damages to snail host, as shown through increases
in the AST activity and protein consumption, when
compared with those snails infected with five miracidia of
E. paraensei.

Fig. 5 Relationship between the
concentration of urea, expressed
in mg/dl, in the hemolymph of
Biomphalaria glabrata infected
by five (a) and 50 (b) Echinos-
toma paraensei miracidia and
the time, in weeks. Zero (0)
represents the mean of the snails
in the control group obtained at
the end of each week (1, 2, 3,
and 4 weeks). a–c Means differ
significantly (mean±SD)

Fig. 4 Relationship between the
concentration of uric acid,
expressed in mg/dl, in the he-
molymph of Biomphalaria
glabrata infected by five (a) and
50 (b) Echinostoma paraensei
miracidia and the time, in
weeks. Zero (0) represents the
mean of the snails in the control
group obtained at the end of
each week (1, 2, 3, and
4 weeks). a–c Means differ
significantly (mean±SD)
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