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Abstract

Several studies have suggested that L-glutamate is a putative neurotransmitter in helminths. The present study investigated the presence
of non-N-methyl-p-aspartate (NMDA) ionotropic receptors for glutamate in four subcellular fractions from adult male Schistosoma
mansoni. Low-affinity (K; = 221 4 80 nM) binding sites for [*H]kainic acid (KA) were detected in the heterogeneous (P;) fraction,
which contains pieces of unbroken worm tissues, tegument, nuclei, and some vesicles. This binding was inhibited by classical
glutamatergic ligands in the following order of potency: KA > L-glutamate > o-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid
(AMPA) > quisqualate = 6,7-dinitroquinoline-2,3-dione (DNQX). However, neither NMDA, a selective agonist for NMDA receptors,
nor DL-threo-B-hydroxyaspartate (THA) and 1-trans-pyrollidine-2-dicarboxylic acid (PDC), inhibitors of high-affinity glutamate
transporters, modified [*’H]KA binding to the P; fraction. In addition, no specific binding for 10 nM [*HJAMPA was detected in any
subcellular fraction from S. mansoni. These results suggested the presence of KA receptors in adult male worms. This is supported by the
evidence that direct application of 10 pM KA to whole worms produced a corkscrew-like coiling of their bodies, modifying the motility of
the worms. The KA-induced response, measured as a decrease of the body area, was time-dependent and reversible. PDC was ineffective
at blocking the KA effects, indicating that KA does not depend on high-affinity glutamate transporters to reach its site of action. On the
other hand, DNQX, the non-NMDA antagonist, was able to partially inhibit KA-induced responses. As a whole, the present data support
the presence of a glutamatergic signaling pathway in this parasite.
© 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction mintics. Thus, a better understanding of the neuromuscular

physiology of Schistosoma mansoni could provide valu-

The existence of effective and safe drugs should not
discourage the search for new schistosomicidal drugs,
since strains of worms resistant to oxamniquine [1] and
praziquantel [2] have already been reported. Most authors
suggest that the neuromuscular system of parasitic hel-
minths is a target that is particularly amenable for anthel-
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able information for the discovery of more selective drugs.
In fact, we already know that differences exist between S.
mansoni and its host regarding the nature of the putative
transmitters (worm-specific FMRFamide-related peptides,
e.g. [3]) and/or receptors (distinct pharmacological mod-
ulation of 5-hydroxytryptamine effects, e.g. [4]) involved
in muscular contraction. With this in mind, we decided to
investigate the role of glutamate, the major excitatory
neurotransmitter of the vertebrate central nervous system,
in adult S. mansoni. Although widely studied in verte-
brates, the molecular targets and physiological actions of
glutamate in platyhelminths have not been studied in
detail. This is due, in part, to the fact that these parasitic
flatworms are small, and the study of nerve or muscle
systems without the interference of other tissues is rather
difficult [S]. However, some experimental results support a
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putative role of glutamate in the neurotransmission of
platyhelminths as a whole, and more specifically in S.
mansoni. Glutamate-like immunoreactivity has been
demonstrated in the central and peripheral nervous system
of several species, including the cestodes Mesocestoides
corti and Hymenolepis diminuta and the trematode Fas-
ciola hepatica [6-8]. In H. diminuta, more detailed infor-
mation is already available since high- and low-affinity
[*H]glutamate transporters are present in tissue slices [9].
Furthermore, longitudinal muscles respond to glutamate
with powerful rhythmic contractions [10,11]. In S. man-
soni, the data are apparently contradictory: direct applica-
tion of KA and rL-glutamate to whole worms did not alter
their basal motor activity [12], whereas L-glutamate
induced concentration-dependent contractions of isolated
S. mansoni muscle fibers mediated by activation of a high-
affinity glutamate transporter [13].

The aim of the present work was to investigate the
presence of non-NMDA ionotropic receptors for glutamate
in S. mansoni, as well as their pharmacological modulation
and putative involvement in the control of adult worm
motility.

2. Materials and methods
2.1. Preparation of subcellular fractions of S. mansoni

Adult male S. mansoni (BH strain) were obtained from
mice infected 45 days earlier with approximately 150 male
cercariae each, as previously described [14].

About 2000 worms were homogenized in a Dounce
homogenizer at 4° in a 0.25 M sucrose solution buffered
to pH 7.4 with 5 mM Tris-acetate using 3 sequences of 10
passes of the pestle. The homogenate was centrifuged
according to the method of Smithers ef al. [15] to obtain
four pellets (P, P,, P3, and P,) sedimenting, respectively,
at 300 g,y (5 min), 1000 g,, (10 min), 8000 g,, (10 min),
and 100,000 g,, (1 hr). Fraction P; was heterogeneous,
containing pieces of unbroken worm tissue, tegument with
spines, nuclei, and some vesicles; fraction P, consisted
mainly of nuclei, but had other structures such as mito-
chondria, dense bodies, and vesicles; fraction P; consisted
mainly of mitochondria, with few vesicles and dense
bodies; fraction P, consisted mainly of vesicles or large
multivesicular structures and endoplasmic reticulum mem-
branes [16]. The pellets were resuspended in buffered
sucrose solution and stored at —70° until used.

2.2. Preparation of chick cerebellar membranes

Membranes from chick cerebellum were obtained as
described by Gregor et al. [17]. Briefly, cerebellar tissue
was homogenized with a Polytron homogenizer for 2 min
in 10 vol. of an ice-cold 50 mM Tris-acetate buffer, pH 7.2,
containing 5 mM EDTA and 1 mM PMSF. The homo-

genate was centrifuged at 24,000 g,, for 20 min (4°). The
pellet was rehomogenized, recentrifuged as above, and
frozen overnight at —20°. After thawing at room tempera-
ture, the pellet was homogenized as above in water,
incubated for 60 min at room temperature, washed once
more by centrifugation, resuspended in 50 mM Tris-acet-
ate buffer, pH 7.2, and stored at —70° until used. Protein
concentration for all preparations was determined by the
method of Bradford [18], using bovine serum albumin as
the standard.

2.3. Binding assays

P,-P, fractions (80-120 pg protein) were incubated for
1 hr at 4° in 0.5 mL of 50 mM Tris-acetate buffer, pH 7.2,
and, unless otherwise specified, 10 nM [PH]KA (58 Ci/
mmol, New England Nuclear). Bound and free [*H]KA
were separated by rapid filtration under vacuum on glass
fiber filters (Whatman GF/C) followed by two 2.5-mL
washes with ice-cold 50 mM Tris—HCI buffer (pH 7.2).
After drying, filters were added to a scintillation mixture
[POPOP (0.1 g/L) and PPO (4.0 g/L) in toluene], and the
radioactivity was measured in a Tri-Carb Packard liquid
scintillation counter. Saturation experiments were per-
formed by the addition of increasing concentrations of
unlabelled KA (10-90 nM) to 10 nM [*H]KA. This pro-
tocol, classically referred to as a competition experiment,
allows a great economy of radioligand and preparation, two
critical points as far as low-affinity binding to S. mansoni is
concerned. Specific binding was calculated by subtracting
non-specific binding, determined in the presence of
100 pM unlabelled KA, from total binding.

The same subcellular fractions were used to measure
[PHJAMPA binding. Aliquots of 150-200 pg protein were
incubated in 0.5 mL of 50 mM Tris-acetate buffer (pH 7.2)
containing 100 mM KSCN and 5 or 10 nM [*HJAMPA
(40.6 Ci/mmol, New England Nuclear) for 1 hr at 4°. After
separation of bound and free ligands by rapid filtration, the
glass fiber filters (Whatman GF/C) were rapidly washed
twice with 3 mL of ice-cold buffer containing 100 mM
KSCN. Non-specific binding was determined in the pre-
sence of 1 mM L-glutamate.

Experiments with chick cerebellar membranes were
performed as previously described by Taverna and Hamp-
son [19] with some slight modifications. About 40 pg
protein was incubated for 1hr at 4° in 0.5mL of
50 mM Tris-acetate buffer, pH 7.2, containing 5 nM
[PH]KA. The binding assay was terminated by rapid
filtration under vacuum. Then the filters were washed twice
with 2.5 mL of ice-cold 50 mM Tris-acetate, pH 7.2.
Specific binding was defined as total binding minus bind-
ing obtained in the presence of 100 pM unlabelled KA.

Binding data from saturation experiments were
presented as a classical Scatchard plot. The equilibrium
dissociation constant (K,;) and the apparent maximal
number of receptors (Bn.x) were obtained by non-linear
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regression analysis (Prism, GraphPad Software Inc.),
assuming the presence of only one population of binding
sites. Student’s #-test was used for statistical comparisons
in competition studies.

2.4. In vivo studies

About 12-15 adult male worms were recovered from the
portal veins of mice 50 days after infection. The worms
were then washed rapidly and placed in a glass dish with
two wells containing 250 pL of a buffered saline solution,
consisting of 82.5mM Na™, 4.1 mM K, 3.6 mM Ca’™,
3.3 mM Mg>", 100.4 mM CI~, 79.9 mM glucose, 10 pM
5-HT, and 15 mM HEPES, pH 7.4.

In each well, four worms were preincubated for 10 min
at 37°. Then, the buffered saline solution was exchanged
for an identical fresh one containing different concentra-
tions of KA. After 10 min, the buffered saline solution
containing KA was exchanged for an identical fresh one
containing the same concentration of KA. Putative antago-
nists were added during the 10-min preincubation and
remained present throughout the experiment.

To quantitate the effects of the drug, body area measure-
ments were made by analysis of images captured with a
CDC camera using the Image-Pro™ Plus program (Media
Cybernetics, L.P.). Data represent the means (£SEM) of at
least three different dishes with four worms each (N > 12).
Two-way ANOVA considering drug and time factors was
used for the determination of statistical significance.

2.5. Drugs

The drugs were purchased from the Sigma Chemical Co.
(DNQX and 5-HT), the RBI Co. (AMPA, L-glutamate, and
KA), and Tocris Cookson Ltd. (NMDA, PDC, quisqualate,
and THA).

3. Results
3.1. Binding assays
Among the four subcellular fractions of S. mansoni,

[*H]KA binding sites were detected only in the hetero-
geneous (P;) fraction (Table 1). Therefore, this fraction

Table 1
Subcellular distribution of 5 nM [*H]KA binding in subcellular fractions
for S. mansoni
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Fig. 1. Typical Scatchard plot for [PH]KA binding to the P, fraction of .
mansoni. The curve was drawn using the parameters fitted by non-linear
regression analysis with the model of a single class of independent binding
sites. Non-specific binding accounted for 50-60% of total [*H]KA
binding.

was selected for further studies of [*’H]KA binding to S.
mansoni. As shown in Fig. 1, data from the saturation
experiment gave rise to a linear Scatchard plot within the
concentration range used, indicating a uniform population
of sites with low affinity (Table 2). Note that the relatively
high value of non-specific binding (50—60% of total bind-
ing) at high concentrations of [*H]KA resulted in an
imprecise estimation of the parameter values in the indi-
vidual experiments. A better estimation of K; and B,
values was obtained by averaging the parameters calcu-
lated from three different experiments (Table 2). As the
cerebellum of birds contains a high density of low-affinity
binding sites [17], chick cerebellar membranes were used
as positive controls in our experiments. Note that under the
same experimental conditions, the affinity of KA sites
found in S. mansoni was very similar to that measured
in chick cerebellum (Table 2).

As [*HJKA could bind to the glutamate transporter,
which has been reported in muscle fibers of S. mansoni
[13], we tested PDC and THA, two inhibitors of high-
affinity glutamate transporters [20], for their ability to
inhibit [*’H]KA binding to the P, fraction. Neither PDC
nor THA was effective for competing with 10 nM [*HJKA
in the P, fraction of S. mansoni (Fig. 2), when used at
100 uM, a concentration that effectively blocks the gluta-
matergic transporters in several mammalian tissues [20]
and in muscle fibers of S. mansoni [13].

Table 2
Equilibrium constants for the specific binding of [PH]KA

Fractions [*H]KA bound (fmol/mg protein) K, (nM) Biax (pmol/mg protein)
P, 9.17 £ 0.55 S. mansoni (P, fraction) 221 £+ 80 0.724 + 0.214

P, 0.80 £ 0.45 Chick cerebellar membranes 264 116

Ps 0 . )

P, 0.70 + 0.70 Values of parameters obtained for S. mansoni represent means + SEM

Values represent means = SEM from three different preparations, each
experiment being performed in quadruplicate.

of three individual experiments performed in quadruplicate, while the
values for chick cerebellum were obtained from a single experiment
performed in quadruplicate.
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Fig. 2. Modulation of [*’H]KA (10 nM) binding to the P, fraction of S. mansoni by classical glutamatergic ligands. The values of specific binding expressed
as percent of control (means = SEM) were obtained from 3 to 5 experiments performed in quadruplicate. Key: () significantly different from control

(PHIKA binding in the absence of inhibitor), P < 0.01 (Student’s r-test).

The pharmacological modulation of binding is best
studied by comparing 1cs5o values calculated from whole
competition curves performed with different putative
ligands, as was done with the chick cerebellar membranes
(Table 3). Unfortunately, such a protocol was not possible
with S. mansoni due to the aforementioned limitations of
our worm preparation. As a surrogate, we tested a single
concentration of each putative ligand, generally a concen-
tration equal to or near the 1cs5o value measured in the chick
cerebellum (Fig. 2). [PH]KA binding to S. mansoni was
inhibited by KA, rL-glutamate, and quisqualate, classical
glutamatergic agonists, with intensities compatible with
their potency in chick cerebellum (Table 3). On the other
hand, 300 uM AMPA inhibited [*’H]KA binding to S.
mansoni by more than 50% (Fig. 2), whereas it was nearly
without effect (10% inhibition) on [*’H]KA binding to chick
cerebellum (Table 3). Another difference observed between
KA binding in chick cerebellum and S. mansoni was the
effect of DNQX, a non-NMDA antagonist of glutamatergic
ionotropic receptors. DNQX (300 uM) reduced KA binding
to S. mansoni by only 40% (Fig. 2), whereas total inhibition
of PHIKA binding occurred with chick cerebellum (data
not shown). NMDA was also less effective in S. mansoni
than in chick cerebellum, since it had no effect on [PH]KA
binding to S. mansoni (Fig. 2) when used at the 1csq
concentration for chick cerebellum (Table 3).

Table 3

Inhibition of [*H]KA binding to chick cerebellar membranes
Compound IC50 (LM)
KA 1
L-Glutamate 60
Quisqualate 200
NMDA 1000
AMPA >300"

The 1cso values (concentration required to inhibit 50% of the specific
binding) were obtained from single competition experiments performed as
described in ‘“Materials and Methods.”

“ AMPA at 300 uM only inhibited 10% of [PH]KA binding to chick
cerebellar membranes.

As KA could bind with low affinity to the other subclass
of non-NMDA ionotropic glutamate receptors, we inves-
tigated the presence of AMPA receptors in the four sub-
cellular fractions of S. mansoni. None of these exhibited
specific binding for [PHJAMPA, at either 5nM (N = 1,
data not shown) or at 10 nM (N = 2, data not shown), a
relatively high concentration considering the affinity of
this ligand at mammalian AMPA receptors.

3.2. Invivo studies

Adult male worms in saline solution display a variety of
body movements, including small and fast generalized
shortening and lengthening of the body, and undulatory
body waves propagated along the anterior/posterior axis,
similar to peristaltic waves; however, the rate at which
movements occurred varied for each worm. KA at 10 uM
abolished the fast shortening and lengthening of the body,
as well as the waveforms of the worms. Although the
treated worms were immobile (they still exhibited infre-
quent movements in the head region), their locomotory
behavior was completely different when compared to the
worms in saline solution. As shown in Fig. 3, 10 uM KA
produced a corkscrew-like coiling of the body of the worm,
and this posture remained throughout exposure to KA. To
quantitate the effects of KA, we measured the body area of
the worms before and after addition of the drug. We
observed that 10 uM KA produced a time-dependent
reduction of the body area and that this effect was rever-
sible (Fig. 4). Increasing the concentration of KA to
100 uM did not alter its maximal effect, but did accelerate
the kinetics of its action (the maximal effect was attained
more rapidly; data not shown).

Fig. 5 shows that 1 mM PDC, a competitive antagonist
of the amino acid transporter present in S. mansoni muscle
fibers, did not alter the effect of KA on whole worms. Since
the binding assays suggested the presence of low-affinity
KA receptors in S. mansoni, we next investigated the
pharmacology of the KA effect on whole worm motility.
To characterize the putative antagonism exerted by DNQX,
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Fig. 3. Digitalized images showing the body postures of individual adult male S. mansoni in the absence (control, A-C) and presence of 10 uM KA (D-F).
Control worms presented a variety of postures, including body waves (A). Note that 10 pM KA produced corkscrew-like coilings of parasite bodies,
modifying the motor activity in a time-dependent manner (D, E). The KA-induced response was reversed completely after washing (F).

a non-specific antagonist at AMPA/kainate receptors, we
performed experiments in parallel comparing the effect of
KA in the absence and presence of DNQX. Fig. 6 shows
that 1 mM DNQX was able to partially block the effect of
KA on S. mansoni body area. Finally, 1 mM L-glutamate,
the endogenous agonist of the mammalian KA receptor,
did not modify the motor activity of whole worms (data not
shown).

4. Discussion

Although the presence of glutamate-like immunoreactiv-
ity has been reported in the central and peripheral nervous
systems of S. mansoni cercariae and adult F. hepatica
[8,21], there is no direct evidence for the presence of a
glutamatergic neurotransmission system in trematodes.
As the identification of glutamate within neuronal-like

after two washings

T T T

T
0 5 10 15 20 25 30

TIME (min)
Fig. 4. Time course of the effect of KA on the body area of S. mansoni adult males. Twenty minutes after the addition of 10 pM KA () or control saline (O),

the worms were washed twice with saline solution. Each point represents the mean == SEM of three experiments with four worms each (N = 12). The effect of
KA (measured during the 20-min incubation) was statistically significant (P < 0.0001), as determined by two-way ANOVA (for drug and time factors).
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Fig. 5. Effect of KA on the body area of S. mansoni adult males in the
presence of PDC. The body area of whole adult worms was measured in
the presence of 10 uM KA and 1 mM PDC (A) or control saline solution
(O). PDC was added during preincubation and remained present
throughout the experiment. Each point represents the mean == SEM from
three experiments, each performed with four worms (N = 12). The effect
of KA (in the presence of PDC) was statistically significant (P < 0.0001),
as determined by two-way ANOVA (for drug and time factors).

structures is not sufficient to classify it as a putative
neurotransmitter, we provide here pharmacological evi-
dence for the presence of ionotropic glutamatergic recep-
tors in adult S. mansoni, using a classical radioligand
binding approach, as well as direct measurements of the
effect of KA on whole worm motility.

For the first time, our binding assays revealed the
presence of low-affinity binding sites for KA in S. mansoni.
These were detected only in the heterogeneous (P;) frac-
tion obtained from differential centrifugation of adult
worm homogenates. To propose that a specific binding

3.0

AREA (mn)

1.0 T T T

0 5 10 15 20
TIME (min)

Fig. 6. DNQX inhibition of the S. mansoni response to KA. The body area
of whole adult worms was measured in the presence of 10 uM KA in the
absence (M) and presence (4) of | mM DNQX. DNQX was added during
preincubation and remained present throughout the experiment. Each point
represents the mean + SEM from five experiments, each performed with
four worms (N = 20). The effect of DNQX (comparing the effect of KA in
the presence of DNQX to the effect of KA alone, as a control) was
statistically significant (P < 0.0001), as determined by two-way ANOVA
(for drug and time factors).

site is, in fact, a receptor, some features must be present,
such as proper affinity and pharmacological modulation
[22]. Likewise, other alternatives must be ruled out, such as
binding to catabolic enzymes or transporters. The affinity
of worm binding sites for KA is low, but similar to that of
the low-affinity binding sites present in great amounts in
chick cerebellum (Table 2, [17]). Note that the K; obtained
with our preparation of chick cerebellar membranes was
very similar to that reported in the literature for this
preparation [17]. Therefore, we did not repeat this control.
Furthermore, [PH]KA binding to the P; fraction was
modulated by classical glutamatergic ligands in a similar
manner to the experiments with chick cerebellum: the order
of potency for [PH]JKA inhibition was KA > L-glutamate >
AMPA > quisqualate. NMDA, even at a high concentra-
tion, did not compete with KA in S. mansoni. This phar-
macological profile was qualitatively consistent with that
reported for the low-affinity KA binding sites present in
vertebrates [17,23]. However, this similarity (but not iden-
tity) between the sites detected in S. mansoni and chick
cerebellum does not indicate whether they are species
homologues (the same gene in different species) or dif-
ferent isoforms (subtypes represented by different genes)
[24]. Because the binding sites present in S. mansoni have a
low affinity for KA, we had to consider the possibility of a
binding to AMPA receptors, since KA is known to bind and
activate this ionotropic glutamate receptor, in mammals
[25]. However, the order of potency of the glutamatergic
ligands used to compete with AMPA was very different
from that observed in S. mansoni. In addition, our attempt
to directly label binding sites with [PH]JAMPA was unsuc-
cessful in all subcellular fractions of S. mansoni, so that we
ruled out the hypothesis of [*H]KA binding to a putative
AMPA receptor in our preparation. Interestingly, when
compared to chick cerebellum and mammalian brain,
the KA binding sites detected in S. mansoni displayed
some quantitative differences regarding the potency of
some glutamatergic ligands [17,23]. For example, AMPA
was more potent, whereas DNQX and NMDA were less
potent, in S. mansoni than in chick cerebellum (Table 3,
Fig. 2). These differences suggest that the design of kainate
analogs may allow the distinction between host and para-
site glutamatergic receptors. This would be an important
aspect in the search for new specific schistosomicidal
drugs.

Although the glutamate transporter detected in a parti-
cular schistosoma muscle fiber was not blocked by KA
[13], we could not rule out, a priori, the possibility that KA
was binding to another glutamate transporter similar to the
mammalian EAAT,, which is competitively inhibited by
KA [20]. This hypothesis is improbable since the glutamate
transporter inhibitors PDC and THA were not able to
inhibit [*H]KA binding to the P, fraction.

Once the presence of specific binding sites for KA in
adult S. mansoni is demonstrated, the question of their
physiological role arises. Present data provide preliminary
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insights to this important question by showing that the
addition of KA to the culture medium induced a major and
reversible alteration of the worm motility pattern. Indeed,
macroscopic observation, as well as rough, but quantita-
tive, measurement of body area, showed inhibition of
waveform peristaltism and corkscrew-like coiling of the
body of the worm. The lack of effect by KA on motor
activity, as reported by Mellin ef al. [12], can be explained
by the different experimental conditions used. On the other
hand, the present results do not contradict the observation
that KA had no observable effects when applied to isolated
worm muscle fibers [13], as only one morphological
muscle type is targeted in these studies. It is known that
in trematodes, pharmacological differences among distinct
muscle types exist [26]. In addition, whole-animal studies
showed that KA can also act on nonmuscular receptors in
the central or peripheral nervous system. Even a surface
localization in the tegument is possible, since KA binding
sites were found in the heterogeneous fraction, which
contains fragments of tegument among other structures.
Such a nonneuronal localization cannot be discarded since
glutamate signaling has been reported to be functional in
tissues such as bone, pancreas, and skin [27]. It can be
postulated that KA receptors located at the cell surface
could mediate the effect of KA without transporting KA
across the plasma membrane. The inability of PDC to
block the responses elicited by KA further suggests that
KA does not depend on a high-affinity amino acid trans-
porter for reaching its site of action. Unfortunately, the
above hypothesis is only speculative. The exact localiza-
tion of KA binding sites is still unknown. The lack of effect
of L-glutamate on whole worm motility could be due to its
low affinity for the KA binding sites and to the efficient
uptake through different amino acid transporters present in
the tegument [28]. The uptake of amino acids is important
particularly in stressful conditions, e.g. when the worms
maintained in saline solution depend on an aerobic meta-
bolic pathway [29,30]. Thus, we can hypothesize that
glutamate is not only taken up from the incubation med-
ium, but is also inside the worm tegument (or in deeper
structures) out of the extracellular space in contact with the
KA receptors involved in the control of worm motility.
Alternatively, glutamate taken up from the external med-
ium could be in some way sequestered in the tegument and
unavailable for binding to the KA receptors (for which its
affinity is very low since 100 pM inhibited KA binding by
only 70%).

Phylogenetically, platyhelminths are important as the
first metazoan group to possess a centralized nervous
system [31] and so are considered as a link between lower
and higher invertebrates. Therefore, it is relevant to ima-
gine that glutamate is present not only in mammalian
brains, but also in lower invertebrates, such as nematodes.
Although helminths, nematodes are phylogenetically dis-
tant from platyhelminths and are characterized by nervous
systems that are anatomically less complex and better

characterized than those found in platyhelminths.
Recently, electrophysiological and pharmacological
experiments have suggested the presence of an electro-
genic glutamate transporter in the hypodermis and DE2
motoneurons of the parasitic Ascaris suum [32]. These
DE2 neurons also harbor a glutamate receptor pharmaco-
logically related to the KA receptor, which participates in
the depolarizing response elicited by L-glutamate [33].
Finally, glutamate or KA injections into whole A. suum
produce a paralyzed quasi-static body posture, suggesting
that this glutamatergic pathway may play a role in nema-
tode locomotory behavior.

In conclusion, we report the presence of specific binding
sites for KA in adult S. mansoni as well as its effects on
whole worm motility raising the possibility of a glutama-
tergic signaling pathway in this parasite, putatively useful
for the development of new selective schistosomicidal
drugs.
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