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Rafael Carlos Lajmanovich1,2, Andrés Maximiliano Attademo1,2, Paola Mariela Peltzer1,2, Celina Marı́a Junges1,2, and
Candela Soledad Martinuzzi2

1CONICET-FBCB-UNL Pje, Santa Fe, Argentina and 2Laboratorio de Ecotoxicologı́a, Facultad de Bioquı́mica y Ciencias Biológicas, Universidad
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Abstract

The effect of the crude homogenate of snail Pomacea canaliculata’s eggs (CHSE) exposition on
Rhinella arenarum tadpoles was investigated. Exposure to 10 g CHSE/L treatment produced
95% tadpole mortality, whereas the median lethal concentration (48-h LC50) was 4.35 g/L.
Moreover, CHSE inhibited significantly the activities of acetylcholinesterase (AChE) and
glutathione-S-transferase (GST) with respect to control tadpoles, and modified tadpoles
swimming behavior. Together all these evidences indicate that eggs of snail P. canaliculata
have a neurotoxic effect on tadpoles limiting survival at low concentrations and short time
exposition.
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Introduction

Numerous studies on the effects of natural neurotoxins over a

wide range of aquatic organisms (invertebrates and verte-

brates), have reported acute effects (e.g. mortality, diminution

in survivorship rate, feeding inhibition, paralysis), chronic

effects (e.g. decrease in growth and fecundity), biochemical

alterations (e.g. activity changes of phosphatases, glutathione-

S-transferase (GST), acetylcholinesterase (AChE), proteases),

and behavioral alterations (e.g. alterations in swimming) (e.g.

Ownby & Odell, 1988).

The susceptibility of living organisms to systemic toxicity

by chemical defense agents (i.e. neurotoxin) attacking their

nervous system is an important factor affecting their survival

(Derby & Aggio, 2011). Natural inhibitors of the acetylcho-

line hydrolyzing enzyme AChE carry a significant share of

such poisons (Shapira et al., 1998). Due to its essential

physiological function in terminating neurotransmission,

AChE is a target for numerous cholinergic toxins. Indeed,

when AChEs are inhibited, an excess of the neurotransmitter

acetylcholine (ACH) builds up, that initially results in

hyperactivity and then leads to uncontrolled muscular

spasms, decreased activity and paralysis, thus causing

respiratory failure and finally death (Walker et al., 2001).

Moreover, selective and nonselective cholinesterase inhibitors

have been used in the treatment of human diseases and in the

control of insects (Becker et al., 1996; Giacobini, 1996).

On the other hand, the neuroecology attempts to unify

principles from diverse disciplines, by integrating knowledge

gained from biophysical properties of nerve and muscle cells

to community-wide impacts of trophic interactions (Ferrer &

Zimmer, 2009). Some behavioral testing has been performed

in the field under natural conditions using predators sympatric

with the prey of interest, but more often these trials have been

based on laboratory assays, usually, but not always, using

natural predators (Parker et al., 2007). In this sense, in the last

decade, video-tracking technologies offer the possibility of

accurately quantifying locomotor behaviors in aquatic organ-

isms (e.g. Egea-Serrano & Tejedo, 2014; Tooming et al.,

2013).

Rhinella arenarum (Hensel, 1867), the common South

American toad, is a species with extensive Neotropical

distribution (IUCN, 2010), and it is frequently found in

forest, wetlands, agricultural land, and urban territories

(Bionda et al., 2015; Peltzer et al., 2006). Population

tendency’s studies predict extinctions in site domains by

crops in the central region of the Córdoba Province, Argentina

(Bionda et al., 2013).

Apple snails (Ampullariidae) are among the largest and

most ecologically important freshwater snails of the world. In

this sense, the great majority of the work to date concerns a

single species, Pomacea canaliculata (Lamarck), which we

see as having the potential to become a model organism in a

wide range of fields (Hayes et al., 2015). Recent discoveries

have revealed that the eggs of P. canaliculata contain a unique

natural poison that includes two storage-proteins (ovorubin)

that provide an apparent (probably warning) coloration and

has antinutritive and antidigestive property, and perivitelline
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(PV2) a novel neurotoxin with lethal effects on rodents

(Dreon et al., 2013, 2014; Heras et al., 2008). Most probably,

the aposematic color of Pomacea eggs is due to pigmented

proteins that advertise the existence of neurotoxins, antinu-

tritive proteins and digestive inhibitors at least in P.

canaliculata (i.e. Dreon et al., 2010, 2013; Heras et al.,

2008). Also, one important application of egg and gonads of

P. canaliculata is the presence of a large amount of substances

with high anti-oxidative activity, namely astaxanthin (e.g.

Chen et al., 2015; Dreon et al., 2004, 2007). On the other

hand, this egg neurotoxin interacts with intestinal epithelium

to penetrate into the blood circulatory system of predators

(Dreon et al., 2013).

Taking into account all the information available, the

objective of this work was to investigate some biological

properties of eggs of the apple snail P. canaliculata to

estimate the acute toxicity on R. arenarum tadpoles, and

analyze responses at metabolic (AChE and GST activities),

and physiological (swimming behavior) levels.

Materials and methods

Tadpoles and snail eggs

Tadpoles of R. arenarum were selected as model test

organisms, because their larvae are easy to handle and

acclimate to laboratory conditions (Ferrari et al., 2011).

Premetamorphic larvae (n¼ 180) were collected in November

2015 from temporary ponds (31�39’53.90"S–60�42’51.20"W,

South Park Lake, Santa Fe Province, Argentina); these sites

had not been treated with chemical pesticides, as prohibited

by the laws to protect human and wildlife health. The average

size (snout–tail tip) was 17 ± 0.5 mm and weight was

0.055 ± 0.009 g; Gosner stages (GS) 29–32 (Gosner, 1960).

The tadpoles were acclimated for 48 h at 12-h light/dark cycle

with dechlorinated tap water (DTW), pH 7.2 ± 0.05; con-

ductivity, 165 ± 12.6 mmhos/cm; dissolved oxygen concentra-

tion, 6.5 ± 1.5 mg/L hardness, 50.6 mg/L of CaCO3 at

22 ± 2 �C, and feed on boiled lettuce (Lactuca sativa) at the

beginning of the experiment. Tadpoles used in this research

have been treated according to ASIH (2011) criteria and

according to approval from the animal ethics committee of the

Facultad de Bioquı́mica y Ciencias Biológicas, FBCB Res.

CD N�: 388/06.

Egg masses from P. canaliculata were collected in the

same sites previously described and transported immediately

to the laboratory. Egg clutches weighted around 3 g and had

approximately 3–4 cm length (Figure 1). All egg masses used

had developed embryos to no greater than the morula stage

(Heras et al., 2008). Eggs (a pool of twenty clutches for each

treatment) are lysed in a ceramic mortar and pestle to obtain a

crude homogenate of snail eggs (CHSE). A pool of snails was

deposited on the biological collection of the Laboratorio de

Ecotoxicologı́a (FBCB-UNL).

Experimental design

Short-term (48 h) static toxicity tests were run to determine

the median lethal concentration (LC50) of CHSE. Tests were

conducted in 1 L glass aquaria (12.5 cm in diameter and

13.5 cm in height), CHSE was dissolved in DTW and the

following concentrations were used, 0 (control group), 0.625,

1.25, 2.5, 5.0 and 10.0 g/L. Photoperiod, water temperature,

hardness, and pH were maintained as described for the

acclimation period. Both control and test solutions were

carried out in triplicate with 10 tadpoles per aquarium

(n¼ 30). Larval mortality was monitored and dead larvae

were removed from the test vessels each 24 h. A subsample of

control and treated animals (n¼ 10; respectively) of each

concentrations that had a survival rate� 50% at 48 h were

used to test the effects of CHSE on AChE and GST activities,

and behavioral alterations.

Enzymatic responses

Each tadpole was homogenized (on ice) in 0.1% t-octylphe-

noxypolyethoxy-ethanol (triton X-100) in 25 mM tris (hydro-

xyl methyl) aminomethane hydrochloride (pH 8.0) using a

polytron. Suspensions were centrifuged at 10 000 rpm for

15 min at 4 ± 1 �C and the supernatant (crude extract) was

extracted. The Biuret method was used to determine protein

concentration in the supernatants (Kingsley, 1942). When

sample volume was enough, enzyme kinetics assays were

carried out in triplicate or duplicate. AChE activities were

measured according to Ellman et al. (1961). The reaction

mixture consisted of 0.01 ml of extract, 2 mM dithiobis

2-nitrobenzoic acid (DTNB), 20 mM acetylthiocholine iodide

(AcSCh), 25 mM Tris-HCl, and 1 mM CaCl2 (pH 7.6). Assays

were conducted at 25 �C. The variation in optical density was

recorded at 410 nm for 1 min at 25 �C using a JENWAY 6405

UV-VIS spectrophotometer. AChE activities were expressed

as nmol/min/mg protein using a molar extinction coefficient

of 13.6� 103/M cm. GST activity was determined spectro-

photometrically by the method described by Habig et al.

(1974) as adapted by Habdous et al. (2002) for mammal

serum GST activity. Enzyme assay was performed at 340 nm

Figure 1. Adult female of aquatic snail P. canaliculata by depositing the
aerial reddish egg clutches in the sampling site. See the detail of egg
laying in the picture.
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in 100 mM Na-phosphate buffer (pH¼ 6.5), 2 mM CDNB

and 5 mM GSH. Enzyme kinetics assays were performed

at 25 �C, and whole GST activity was expressed as mmol/min/

mg protein using a molar extinction coefficient of 9.6� 103/

M cm.

Behavioral endpoints

Behavioral modifications can be measured as endpoints for

sub-lethal toxicity. At the end of the CHSE exposure (48 h)

one larva was released at the center of a Petri dish (15 cm

diameter, 2 cm height) filled with 200 ml of DTW. After of

30 seconds of acclimation, behavioral endpoints were rec-

orded during 5 min using a digital video-camera (Motic�,

10.0 mega pixel) placed just above the dishes. Preliminary

assays of behavior with tadpoles were performed and, from

these data, it was determined that video lengths of 5-min were

appropriate. Each larva was treated as an independent

experimental unit (Van Buskirk & McCollum, 2000), and

ten replicates were conducted for each concentration of

CHSE, including the control. Behavioral endpoints quantified

in tadpoles were: total distance moved (cm), mean speed

(cm/s), maximum speed (cm/s), resting time (s) and global

activity (cm2) defined as the accumulated activity during the

assay. Video data were automatically processed by video-

tracking software (Smart 3.0.02, Panlab Harvard Apparatus�).

Statistical analysis

Lethal concentration (LC50) values and their respective 95%

confidence limits (CL) were calculated using the Trimmed

Spearman–Karber method (Hamilton et al., 1977). All

biomarkers data were expressed as the mean ± SEM. AChE

and GST enzyme activities were analyzed with Kruskal–

Wallis test and Dunn’s test for post hoc comparisons

(Lajmanovich et al., 2013). Correlations between CHSE

concentrations and specific enzyme activities were tested

using the Spearman’s correlation test. An analysis of variance

(ANOVA) was applied to assess the effects of CHSE

treatments on behavioral endpoints followed by the

Dunnett’s test for pairwise comparisons. These statistical

methods were performed using BioEstat software 5.0 (Ayres

et al., 2008). A value of p50.05 was considered significant.

Results

Acute toxicity and enzymatic activity

The calculated 48 h acute LC50 value (95% confidence limits)

of CHSE to R. arenarum tadpoles was 4.35 g/L (3.46–5.47).

No mortality was observed in the control treatment. NOEC

value was 0.625 g CHSE/L and LOEC was 2.5 g CHSE/L.

The highest concentration (10 g/L) killed 95% of tadpoles

exposed to CHSE.

The mean value of the AChE activity in control tad-

poles was 20.12 ± 4.85 nmol/min/mg protein at 48 h.

Concentrations of CHSE assayed affected significantly activ-

ity of AChE in all cases respect to the control AChE activity

(Dunnett’s post hoc test p50.05; p50.01, Figure 2). The

maximum percentage of inhibition of AChE activity in

treated tadpoles after 48 h of exposure was 55.18% to 0.625 g

CHSE/L (NOEC value).

The mean value of the GST activity in control tadpoles was

76.71 ± 12.5 nmol/min/mg protein at 48 h. CHSE affected

significantly activities of the GST (p50.01; Figure 3) at all

quantities tested, with a percentage of inhibition from 49.73%

(1.25 g/L) to 27.10% (2.5 g/L).

Behavioral endpoints

The exposure of tadpoles to CHSE concentrations caused

alterations of swimming endpoints (Figure 4). Tadpoles of R.

arenarum exhibited significant effects on the following

behavioral patterns: distance moved (F¼ 5.32; p¼ 0.0007),

global activity (F¼ 2.88; p¼ 0.03), resting time (F¼ 2.60;

Figure 2. Acetylcholinesterase (AChE) activity in Rhinella arenarum
tadpoles exposed (48 h) to crude homogenate of snail eggs (CHSE). Data
are expressed as mean ± SEM. Significant differences were *p50.05
and **p50.01 with respect to the control; #, p50.05 and **p50.01
between different concentrations (Dunnett’s post hoc test). n¼ 10. Note:
Spearman’s correlation coefficients between AChE activity and CHSE
concentrations: r¼ 0.581, p50.05.

Figure 3. Glutathione S-transferases (GST) activity in Rhinella are-
narum tadpoles exposed (48 h) to crude homogenate of snail eggs
(CHSE). Data are expressed as mean ± SEM. Significant differences
were *p50.01with respect to the control; #p50.05 and **p50.01
between different concentrations (Dunnett’s post hoc test). n¼ 10. Note:
Spearman’s correlation coefficients between GST activity and CHSE
concentrations: r¼ 0.24, p¼NS.
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p¼ 0.04) and maximum speed (F¼ 3.68; p¼ 0.01). Post-hoc

tests showed tadpoles exposed to 2.5 g/L of CHSE moved less

and had less global activity than controls (Table 1). At 5 g/L

of CHSE tadpoles also moved less than the control group

(Table 1). The tadpoles exposed to 0.625 and 1.25 g/L spent

less time at rest than those in the control group. The

maximum speed was reached at 0.625 g/L of CHSE (Table 1).

However, no significant effects of CHSE treatments were

found on the mean speed (Table 1).

Discussion

The presence of toxins in aquatic animals is an important

strategy that enhances their survival in a highly competitive

ecosystem (Abirami et al., 2014). One of the primary

mechanisms for avoiding predation is antipredation color-

ation, that either reduces the probability that the predator will

detect the prey or reduces the probability of predation after

detection, because the predator expects the prey to be

unprofitable (Mappes et al., 2005; Ruxton et al., 2004).

Eggs of P. canaliculata are the first description of a defense

system employed by snail against predators in an animal

(Dreon et al., 2013). According to its discoverers, unforeseen

similarities between poisonous seeds and poisonous eggs

exist, indicating that protection mechanisms thought to be

confined to plants are also part of an animal’s defensive

repertoire. On the other hand, the study of biologically active

molecules, including peptides and proteins, present in tissues

of invertebrates and vertebrates, has been a core research

focus in the life and health sciences for many years

(Erspamer, 1994). Such study has produced many important

leads in drug discovery (e.g. Bailon & Won, 2009; Galloway

et al., 2010).

To our knowledge no studies exist regarding the toxicity or

bioactivity of eggs of the apple snail on amphibian’s tadpoles.

If the results are categorized using the scoring system

Chemical hazard identification and exposure (O’Bryan &

Ross, 1988), this study showed that CHSE toxicity (48 h-

CL50¼4.35 g/L) are relatively harmless (41000 mg/L).

However, toxins of eggs of apple snails (i.e. PV2) can be

classified as extremely toxic, considering that the LD50

96 h on mice with a single dose of ingestion was around

0.25 mg/kg (Heras et al., 2008). Possibly, effect on tadpoles

was not stronger because the route of exposure is different.

Animal venoms and toxins are recognized as major sources of

bioactive molecules that may be tomorrow’s new drug leads

(Omar, 2013). This secretion must contain molecules that

disrupt normal physiological processes (Fry et al., 2006).

On the other hand, several natural products or bioactive

substances in fish, snakes, crustaceans, scorpions, and spiders

are inhibitors of the enzyme AChE, (e.g. Barbosa-Filho et al.,

2006; Cervenansky et al., 1991; Li, 1965; Sang-Bo et al.,

2014). The analysis of AChE revealed significant variations in

tadpoles exposed to CHSE compared to the control group,

suggesting the influence of the specific treatment. Dreon et al.

(2004, 2006) described that eggs of P. canaliculata contain

some chemical defenses that include the carotene protein

ovorubin with protease inhibitor activity and photoprotective

actions, agglutinins, and strong antioxidants such as astax-

anthin. Thus, the carotenoid contents may explain the

Table 1. Summary of swimming parameters (mean ± SEM) evaluated in Rhinella arenarum tadpoles exposed to crude homogenate of snail eggs
(CHSE).

Treatments of CHSE exposure

Behavioral parameters Control 0.625 g/L 1.25 g/L 2.5 g/L 5 g/L

Distance moved (cm) 80.53 ± 27.60 73.37 ± 14.98 68.54 ± 23.32 16.09 ± 6.80** 34.47 ± 17.33*
Mean speed (cm/s) 0.37 ± 0.13 0.42 ± 0.08 0.38 ± 0.13 0.08 ± 0.03 0.19 ± 0.09
Maximumspeed (cm/s) 4.84 ± 0.85 7.10 ± 0.67* 4.88 ± 0.86 3.60 ± 0.97 2.87 ± 0.78
Global activity (cm2) 141.46 ± 42.41 102.26 ± 16.90 84.51 ± 22.79 35.26 ± 5.84* 56.19 ± 17.50
Immobility (s) 169.41 ± 10.85 153.07 ± 6.67 160.46 ± 5.77 174.64 ± 1.90 167.10 ± 5.50
Resting time (s) 175.65 ± 10.60 150.53 ± 6.51** 150.86 ± 8.92** 172.42 ± 3.80 168.21 ± 5.30

Asterisks denoted significant differences with the control (Dunnett’s post hoc test):
*p50.05;
**p50.01. n¼ 10.

Figure 4. Representative video tracks of tadpoles after exposition (48 h) to crude homogenate of snail eggs (CHSE). Co¼Control (dechlorinated tap
water).
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inhibition of AChE; for example, the extracts of Pandalid

Shrimps (Decapoda Caridea:Pandalidae) (rich in carotenoid)

exhibited the highest antioxidant and anti-cholinesterase

activities (Sang-Bo et al., 2014). Another possible explanation

for these effects could be given because the P. canaliculata

egg neurotoxin resembles bacterial botulinum toxin (Dreon

et al., 2013), known for its ability to inhibit the action of

AChE (Marshall & Quinn, 1967; Ray, 1993).

The great response of an organism to the low dose of a

toxin is considered an adaptive compensatory process

following an initial disruption in homeostasis (Calabrese &

Blain, 2005). Moreover, some living substances, although

toxic at higher doses, can be stimulatory or even beneficial at

low doses (Calabrese, 2008; Calabrese & Baldwin, 2002). For

instance, a similar situation is observed with pharmaceuticals

that are used for their beneficial effects, as well as compounds

such as certain pesticides that are normally used as toxicants

(Calabrese & Baldwin, 2003). Moreover, natural products

have already proven to be sources of useful AChE inhibitors a

promising therapeutic strategy (e.g. in Alzheimer’s disease;

Mehta et al., 2012). It is interesting to note that AChE was

inhibited 55.18% at 0.625 g/L in tadpoles exposed to CHSE,

whereas its inhibition was only 19.62% at 2.5 g/L. The results

from the AChE activity measurements reveal that the effects

of CHSE are dose-dependent (r¼ 0.58, p¼ 0.05). Our data

apparently indicated that this enzyme displayed symptoms of

hormetic-like responses, even though a decrease in AChE

activity at low doses is a subject for further research because

they are not accompanied with mortality.

Oxidative stress is produced when the balance between

oxidants and antioxidants is interrupted either by reduction of

antioxidant defenses or by excessive increase of reactive

oxygen species (ROS) (Valavanidis et al., 2006). Eggs of

ampullariid species are provided with carotenoproteins that

play several roles ranging from photoprotection, and antioxi-

dant or antitrypsin actions to nutrient provision for develop-

ment (Heras et al., 2007). In the same sense, marine

carotenoids may have properties of reducing oxidative stress

markers and potential applications in preventing and treating

inflammatory diseases in human health (Gammone et al.,

2015). Short exposure of R. arenarum tadpoles to CHSE not

only produced mortality but also some sub-lethal effects such

as significant variations in GST activity compared with the

control group. In diverse natural toxins evidently one the

producer mechanisms of detoxification pathways is related

with the GST activity (e.g. Chen et al., 2005; Sang-Bo et al.,

2014). GST enzyme activity of R. arenarum’s tadpole

exposed to CHSE decreased, and this may be caused by

P. canaliculata eggs astaxanthin as a very potent antioxidant

(Dreon et al., 2004). However, further studies are necessary to

elucidate the role of oxidative stress with bioactive substances

contained in apple snail eggs.

In amphibian tadpoles, the use of swimming activity as a

behavioral endpoint is a well-established biomeasure of sub-

lethal toxicity studies because they are rapid and appear

sensitive to a broad range of toxicant (Melvin & Wilson,

2013), with implications for higher-level biological processes

(Denoël et al., 2013; Groh et al., 2015). In the present study,

swimming performance of larvae exposed to CHSE was

significantly influenced. Swimming speed was the most

sensitive endpoint which caused hyperactivity (i.e. maximum

speed and resting time) at a NOEC of 0.625 g CHSE/L.

Nevertheless, responses observed in tadpoles indicate possible

physiological effects, since increased swimming activities and

burst swimming may be linked to increased physiological

stress levels in exposed animals. Also, at the other concen-

trations of CHSE, exposed tadpoles showed effects such as

resting time, distance moved and decrease of the global

activity. The alteration of the normal nervous system func-

tions by inhibition of AChE could affect muscular function of

tadpoles, and therefore locomotor performance (e.g. Peltzer

et al., 2013; Preud’ homme et al., 2015). While this greater

loss of enzyme activity occurs at lower concentration toxins,

all concentrations tested resulted in significant percentage

inhibitions; in appearance sufficient to produce observed

behavioral alterations. Likewise, in mouse tests the egg

protein toxin of P. canaliculata produced neuronal apoptosis

in spinal cord (Heras et al., 2008). In tadpoles, further

experiments are needed to assess if CHSE causes only

inhibition of AChE or other neurological damage on the

central nervous system.

In conclusion, the crude extract of eggs of P. canaliculata

is toxic for amphibian tadpoles at low doses and a relatively

short time period. Acute and sub-lethal exposures (among

0.625–10 g/L of CHSE) inhibited AChE and GST activities,

and altered behavioral responses of R. arenarum larvae.
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