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A B S T R A C T   

Heavy metals are released into the environment in increasing amounts from different natural and anthropogenic 
sources. Among them, cadmium contaminates aquatic habitats and represents a threat to Amphibians. To assess 
the risks of exposure to cadmium in the aquatic environment, we studied the survival rate of early tadpoles of 
Xenopus laevis under exposure to CdCl2 for 6 days in the concentration range between 0.15 and 150 µM of Cd2+. 
Tadpoles survived and reached stage 45 before feeding at all concentrations tested except 150 µM Cd2+, which 
significantly induced death. With an exposure of 15 µM Cd2+, tadpoles’ mean body length decreased, heart rate 
increased, fastest swimming speed decreased, and distance traveled was greater compared to unexposed controls. 
Additionally, a witness of neuronal normal development, the neural cell adhesion molecules (NCAM) expression, 
was decreased. Moreover, this cell-surface glycoprotein exhibited higher polysialylation, a post-translational 
modification capable to reduce cell adhesion properties and to affect organ development. Our study highlights 
the effects of Cd2+ on a series of parameters including morphology, physiology, and behavior. They emphasize 
the deregulation of molecular NCAM suggesting this effector is an interesting biomarker to detect cadmic toxicity 
in early tadpoles.   

1. Introduction 

Anthropogenic pressures are causing an erosion of biodiversity 
(Monastersky, 2014). Various environmental contaminants from the 
atmospheric deposition, runoff, or exchanges end up in the aquatic en-
vironments (Beketov et al., 2013; Dudgeon, 2019; Dudley and Alex-
ander, 2017) with serious ecological consequences (Blaustein and 
Kiesecker, 2002; Scott and Sloman, 2004; Sfakianakis et al., 2015). In 
particular, aquatic ecosystems are polluted by heavy metals (Singh et al., 
2022). Among them, the contamination of cadmium (Cd2+) in fresh-
water is a driver of amphibians decline (Patar et al., 2016). Considered 
one of the most threatened faunal groups amphibians are at risk of 
extinction (41% of known species, IUCN, 2022, The IUCN Red List of 
Threatened Species). 

Cadmium reduces the amphibian’s reproductive success by acting at 
different levels, and it affects behavior with changes in locomotion, 
feeding patterns, and predator avoidance, impacting survival in natural 

habitats (Sunderman et al., 1991, 1992; Flament et al., 2003; Slaby 
et al., 2019). Tadpoles exhibit deformities and have an impaired growth 
of several tissues with effects depending on the species, and exposure 
duration (Herkovits et al., 1998, 1997; James and Little, 2003; Lu et al., 
2021; Patar et al., 2016; Sharma and Patiño, 2008). A Frog Embryo 
Teratogenesis Assay Xenopus (FETAX) was developed as a screening 
method to identify the potential developmental toxicity of small 
amounts of chemicals on a short period of time (96 h) (Bonfanti et al., 
2004; Mouchet et al., 2006; Burlibasa and Gavrila, 2011). However, 
those tests are conducted from mid-blastula/early gastrula stage (stages 
8–11) over the organogenesis period, and do not consider early devel-
opmental stages (fertilization and early segmentation). Therefore, data 
describing the impact of Cd2+ exposure during early development in the 
embryo/tadpole (before feeding) of amphibians are scarce, and specific 
bioindicators of Cd2+ toxicity at these stages are lacking. 

Cadmium displays promiscuous effects affecting several cellular 
components (Lee and Thévenod, 2020), including the effectors involved 
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in cell adhesion (Prozialeck et al., 2002; Thévenod, 2009). Neural cell 
adhesion molecules (NCAM) are cell-surface glycoproteins that mediate 
cell-cell interactions and promote adhesive interactions between cells 
through homophilic binding (Jensen et al., 1999). They are required for 
the development of the nervous system (Balak et al., 1987), where they 
participate in synaptic plasticity (Muller et al., 1996), and regulate the 
ability of synapses to change their connectivity (Giagtzoglou et al., 
2009), thereby influencing normal behavior in vertebrates. Since several 
adhesion molecules such as cadherin are targeted by Cd2+, NCAM could 
constitute an interesting biotarget (Prozialeck et al., 2002). 

To exert their role in the development, NCAM require a crucial 
posttranslational modification, a N-glycosylation where N-glycans are 
modified by the addition of long chains of sialic acids called poly-
sialylation (Rutishauser, 2008; Weinhold et al., 2005). Polysialic acid 
(PSA) chains are long polymers of negatively charged sialic acid pos-
sessing a retaining function via direct binding to effectors. PSA are also 
highly hydrophilic structures in the extracellular medium that switch 
the adhesive properties of NCAM to antiadhesive. These changes 
consequently promote plasticity and migration of NCAM-expressing 
cells during development (Gascon et al., 2007). The high expression 
level of PSA-NCAM is a defining feature of neural progenitor cell 
migration and axon growth during embryogenesis (Bonfanti and Seki, 
2021). Removal of PSA from NCAM inhibits neurite outgrowth (Doherty 
et al., 1990) and increases the adhesive properties of NCAM (Rutish-
auser et al., 1988; Sadoul et al., 1983). The quantity and nature of sialic 
acids determine the function of NCAM and are considered profoundly 
related to a normal nervous system function (Yang et al., 2020). To date, 
studies conducted in amphibians linking the effects of cadmium heavy 
metals and N-glycosylation are lacking. 

The objective of the present study was to determine the effects of a 
range of realistic Cd2+ concentrations that might be found in a polluted 
ecosystem on early embryo/tadpole stages. Xenopus laevis embryos/ 
tadpoles are amphibians particularly suited to study potential effects of 
various pollutants including heavy metals in germinal cells and during 
early development, and to decipher the molecular effectors involved in 
their toxicity (Slaby et al., 2019). We therefore submitted embry-
os/tadpoles to cadmium exposure as soon as fertilization was realized, 
and studied survival, physiological and behavioral aspects to uncover 
potential new molecular markers for cadmium toxicity during the early 
development of the Xenopus African clawed frog. 

2. Materials and methods 

Reagent-grade chemicals were purchased from Sigma-Aldrich unless 
specified. 

2.1. Animals handling and tadpole treatments 

All animal experiments were performed according to the rules of the 
European Community Council guidelines (86/609/EEC) for laboratory 
animal experimentation. The vertebrate animal protocol was approved 
by the local institutional review board (Comité d’Ethique en Expéri-
mentation Animale, Haut de France, G59–00913). 

Mature Xenopus laevis adult females, purchased from the CRB- 
University of Rennes I, Rennes, France, and housed in PHExMAR, at 
the University of Lille, at 19/20 ◦C and subjected to a circadian 12 h 
/12 h light/dark rhythm. 

For spawning, adult females were stimulated by injection of human 
chorionic gonadotropic hormone (700 U) in the dorsal lymph sacs. After 
24 h mature oocytes, surrounded by a gangue, were obtained by exer-
cising slight pressure on the animal’s ovaries. The testicles from adult 
male were surgically removed after anesthesia by immersion in 5 g/L 
MS222 solution (tricaine methane sulfonate). 

Oocytes were in vitro fertilized with a small piece of testicle for 
10 minutes under slight agitation added or not with CdCl2 (0.025, 0.25, 
2.5, 25 mg/L, equivalent [Cd2+] 0.15, 1.5, 15, or 150 µM). Eggs were 

afterward dejellied with a filtered (0.22 µm) water solution containing 
2% L-cysteine added or not with Cd2+ for 10 minutes and rinsed three 
times. 

Embryos from fertilization to tadpoles (stage 45) were kept in daily 
renewed sterilized tap water (pH 7.42; Ca2+ 44 mg.L− 1, Na+ 23 mg.L− 1, 
Mg2+ 24 mg.L− 1, K+ 2 mg.L− 1) added or not with Cd2+ at 19/20◦C. Stage 
45 tadpoles (6 days of exposure) showing closed stomodeum were 
chosen according to the Nieuwkoop and Faber table (Nieuwkoop and 
Faber, 1994). 

For adult brain extraction, Xenopus were anesthetized by immersion 
in 5 g/L MS222 solution (tricaine methane sulfonate). The head was 
placed at 4◦C onto a Petri dish. The skin was dissected into two flaps over 
the eyes, and the skull was opened to remove the brain, before 
biochemical analysis. 

2.2. Behavioural analysis 

Behavioral experiments were conducted in a dark, quiet, and 
temperature-controlled room maintained at 20◦C. For each test, stage 45 
tadpoles were calmly placed in a 9.5 cm diameter arena filled with 
30 mL non-contaminated water. Larvae were exposed to a brightfield 
(LED platform) to be recorded by a Canon EOS 7D camera placed on top 
of the arena. Tadpole’s behavior without stimulation was recorded for 
5 minutes after 5 minutes of acclimation to reduce anxiety. 

The exact position of tadpoles was determined as the center of each 
individual and recorded every 0.04 sec (1500 frames/min) with the 
iDTracker® software (Pérez-Escudero et al., 2014). The behavioral pa-
rameters - total distance moved (cm) and mean velocity (cm/sec) - were 
determined after further conversion from pixel to cm with ImageJ®. 

2.3. Cardiac rhythm analysis 

For each experimental condition ten tadpoles at stage 45 were placed 
individually in wells of a 96-well plate filled with non-contaminated 
medium. After an acclimation period of 30 min without stimulation, 
the tadpole’s heartbeat was recorded using a Canon EOS 7D camera 
adapted to a stereomicroscope. The number of heartbeats was counted 
twice for each tadpole during a period of 1 min: first, live directly under 
the stereomicroscope, and then by watching the video. 

2.4. Samples preparation for biochemical analysis 

Five tadpoles at stage 45 or adult brain were lysed in a glass grinder 
at 4◦C in RIPA buffer (1% Triton X-100; 50 mM TRIS-HCl pH 4; NP40 
2%; 0.4% Na-deoxycholate; 0.1% SDS; 150 mM NaCl; 150 mM EDTA; 
50 mM NaF) supplemented with 1% of protease inhibitor cocktail and 
phosphatase inhibitors (Roche SAS) under the ratio of 1 tadpole/10 µL 
RIPA buffer. Samples were centrifuged for 10 min at 12,000 G and the 
protein concentration of supernatants was determined using the Brad-
ford assay (BioRad) at 595 nm (SPECTROstar Nano, BMG LABTECH). 
The supernatants were adjusted at 1 µg/µL and used for 
Endoneuraminidase-N treatments, immunoprecipitations or directly 
added with 2X Laemmli (65.8 mM TRIS-HCl pH 6.8; 26.3% glycerol; 
2.1% SDS; 0.01% bromophenol blue; 4% β-mercaptoethanol, BioRad). 

2.5. Endoneuraminidase-N treatments 

Ten microliters of tadpole supernatants prepared in RIPA buffer were 
treated with 0.7 U endoneuraminidase-N (Eurobio Scientific, dilution 1/ 
5) at 37◦C for 1 hour before the addition of 2X Laemmli buffer. 

2.6. Immunoprecipitations 

Samples were pre-cleared with protein A Sepharose (20 μL of 50% 
beads/ 200 μL of cell lysate) at 4 ◦C for 1 h under gentle rocking. After 
brief centrifugation, supernatants were incubated with antibodies 
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against NCAM (Alomone, ANR041, 1/1500) at 4 ◦C for 1 h under rota-
tion and followed by incubation with protein A Sepharose (20 μL of 50% 
bead slurry) at 4◦C for 1 h under rotation. Samples were rinsed 3 times 
with RIPA buffer before bead pellets were collected by brief centrifu-
gation, and resuspended in 2X Laemmli buffer. 

2.7. Electrophoresis and Western blots 

Laemmli sample buffer (2x) was added to supernatants of stage 1 and 
45 embryos/tadpoles exposed or not to Cd2+ or untreated adult brain 
before samples were heated for 15 min at 60◦C. Five µg of proteins were 
separated on 4–20% SDS PAGE gels (mini protean TGX, BioRad), at 
200 V for 1 h in denaturing buffer (0.1% SDS; 0.3% TRIS base; 1.44% 
glycine). Proteins were transferred onto nitrocellulose membrane 
(Amersham Hybond) by wet transfer (0.32% TRIS; 1.8% glycine; 20% 
methanol), at 100 V for 1 h. Transfer efficiency was checked using a 
Ponceau red reversible coloration (0.2% in 3% trichloracetic acid). 
Membranes were cut in two parts according to the molecular weight of 
proteins, and saturated in TBS added with 5% low fat dry milk and 
0.05% Tween 20 (TBS-Tween). Incubation was performed overnight at 
4◦C with specific primary antibodies: rabbit polyclonal antibodies were 
against β-actin (Santa Cruz, 1/2000), NCAM (Alomone, ANR041, 1/ 
1500), and polysialic acid (ENZO COVALB, ENZ ABS559–0100, 1/ 
2000). After three washes of 10 min in TBS-Tween, nitrocellulose 
membranes were incubated for 1 h with anti-rabbit horseradish 
peroxidase-labelled secondary antibodies (Invitrogen, 1/30,000). 
Membranes were washed in TBS-Tween three times for 10 min and the 
signals were revealed with a chemiluminescent assay (ECL Select, GE 
Healthcare) on hyperfilms (Amersham hyperfilm MP). β-actin in West-
ern Blots or NCAM in immunoprecipitations were used as loading con-
trols. For immunoprecipitations, membranes were stripped with a 
ready-to-use stripping buffer (Clinisciences) and after ensuring the 
first chemiluminescent signal had faded reblotted with the anti- 
polysialic acid antibody. Signals were quantified with Image J (Fiji 
Software) and NCAM and PSA signals were normalized by β-actin and 
immunoprecipitated NCAM respectively. The means of six independent 
experiments were performed. 

2.8. Morphology 

Tadpoles were fixed in ethanol at − 20◦C for 2–3 days. They were 
stained in Alcian Blue solution (0.1 mg/mL Alcian blue 8GX in 1 vol of 
glacial acetic acid/4 volumes of ethanol) for 3–4 days at room temper-
ature, before clearing in ethanol 70% added with 1% of HCl for 
1–2 days. 

For each tadpole, several pictures were made on lateral, ventral, and 
dorsal views and treated with Adobe Photoshop CS6® (v. 13.0×64, 
Adobe ® Photoshop Systems Incorporated, USA) software to obtain 
sharp images. The eye gap and length of the tadpoles were measured 
with ImageJ® software. 

2.9. Data and statistical analysis 

The number of fertilization and embryos/tadpoles included in each 
experiment and statistical analysis are summarized in the Table 1. 

3. Results 

3.1. Tadpole survival 

After 6 days of contamination or not, embryos have reached stage 45 
from the Nieuwkoop and Faber table of Xenopus laevis development 
(Nieuwkoop and Faber, 1994). The survival rate of Xenopus tadpoles 
exposed to Cd2+ (0.15, 1.5, or 15 µM) was not significantly different 
from the unexposed controls. On the contrary tadpole survival rate was 
significantly lowered after treatment with Cd2+ 150 µM (p < 0.05), 
(Fig. 1). 

3.2. Morphology, cardiac rhythm, and behavior 

To assess tadpole morphology after 6 days of exposure, biometric 
parameters (length and eye gap) were measured after Alcian blue 
staining (Fig. 2F). Stage 45 tadpoles exposed to Cd2+ (0.15, 1.5, and 
15 µM) were smaller in size for all tested concentrations with a signifi-
cantly lower length (p < 0.001 for 0.15 µM, 1.5 and 15 µM Cd2+) and 
had a smaller eye gap (p < 0.01 for 0.15 µM and p < 0.001 for 1.5, and 
15 µM Cd2+ compared to unexposed controls (Figs. 2A, 2B respectively). 

In addition, for all concentrations tested, the small body size of 
treated tadpoles was accompanied by significant higher heartbeats per 
minute (p < 0.001 for 0.15 µM, 1.5, and 15 µM Cd2+), (Fig. 2C). 

Table 1 
number of fertilizations and individuals studied per experiment.  

Experiment Number of fertilizations (nf) Number of embryos / tadpoles (n) Statistical analysis 
* p < 0.05; *** p < 0.001 

[Cd2+] 0 [Cd2+] 0.15 [Cd2+] 1.5 [Cd2+] 15 

Survival rate  5  100 100 100  100 Kruskal-Wallis and post-hoc: pairwise multiple comparison 
tests  Biometric  5 50 50  50 50  

Heartbeats  8 74 69  58 81  
Swimming activity  9 99 90  75 85 

Western Blot  6  30 - -  30 ANOVA two-factors and a Tukey post-hoc  
Immuno 
precipitations  

5 25 -  - 25  

Fig. 1. Survival after 6 days of continuous exposure to Cd2+. Surviving em-
bryos 6 days after fertilization (Stage 45) unexposed (white) or exposed to 
contaminated medium (increasing concentrations of Cd2+ 0.15 µM (yellow), 
1.5 µM (orange), 15 µM (red), and 150 µM (purple)). Statistical analysis was 
performed with the Kruskal-Wallis test and post-hoc: pairwise multiple com-
parison (*: p < 0.05, nf = 5, n=100). 
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Moreover, behavioral aspects were approached by measuring two 
motility parameters. There was a significant effect for the distance 
traveled (Fig. 2D) and the fastest swimming speed (Fig. 2E) only after 
exposure to 15 µM Cd2+ (p < 0.001). 

3.3. NCAM and polysialic acid levels 

To better get insight into the deregulation of swimming activity at 
15 µM Cd2+, we undertook the analysis of NCAM, a molecular deter-
minant of the nervous system. Without any treatment Western Blots 

using NCAM antibody showed the presence of two major isoforms (180, 
140 kDa) and a very low amount of 120 kDa in adult brains, whereas 
only one isoform (180 kDa) was detected in stage 45 tadpoles (Fig. 3A). 
This confirmed that in tadpole stage 45, the main NCAM isoform was 
180 kDa. In stage 1 control or 15 µM Cd2+ exposed embryos, no NCAM 
180 kDa was detected meaning it was expressed later. In stage 45 tad-
poles, exposure to 15 µM Cd2+ showed a significant decrease in the 
expression of NCAM 180 kDa isoform compared to control (p < 0.001), 
(Fig. 3B). 

NCAMs are among a few proteins whose functions are drastically 

Fig. 2. Biometry, heart rate, and morphology of tadpoles continuously exposed to increasing concentrations of Cd2+ for 6 days. Fertilized and embryos were exposed 
to increasing concentrations of Cd2+: 0 µM (white), 0.15 µM (yellow), 1.5 µM (orange), and 15 µM (red). A Length of tadpoles in mm. B Eye gap measurements in 
mm. C Heart rate (heartbeat/min) of tadpoles measured without stimuli. D Whole distance in cm covered by tadpoles was recorded during 5 minutes. E fastest 
swimming speed (cm/sec) of tadpoles was recorded during 5 minutes. Data are presented as boxplots. Statistical analyses are performed A, B with Kruskal-Wallis test 
and post-hoc: pairwise multiple comparisons (**: p < 0.01; ***: p < 0.001; nf=5, n=50); C with generalized linear mixed-effects models (***: p < 0.001; nf=8, 
58<n<81) D, E with generalized linear mixed-effects models (***: p < 0.001; nf=9, 75<n<99). F Typical pictures of tadpoles at stage 45, stained with alcian blue. 
Up, control tadpoles, down, Cd-treated tadpoles (lateral view on the left and ventral view on the right). 
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modified by polysialylation, a modification of N-glycans made of sialic 
acid long chains. These long chains create biophysical characteristics 
modifying the hydrated volume, their negative charges strongly modu-
late the repulsion/attraction between cells. To ensure the PSA antibody 
was specific toward PSA chains we used endoneuraminidase-N treat-
ment that removes all PSA chains from NCAM 180 kDa. As expected the 
use of endoneuraminidase-N abolished the recognition of PSA in stage 
45 embryos (Fig. 3C). We further Immunoprecipitated NCAM 180 kDa 
to assess the quantity of PSA chains present on stage 1 and 45 tadpoles 
with and without 15 µM Cd2+ exposure. For the same amount of NCAM 
immunoprecipitated in tadpoles at stage 45 (with or without 15 µM 
Cd2+ exposure) the amount of PSA present in tadpoles exposed to 15 µM 

Cd2+ was higher compared to control without Cd2+, (Fig. 3D). Statistical 
analysis confirmed a significant increase in the quantity of poly-
sialylation present on NCAM 180 kDa after Cd2+ treatment in stage 45 
tadpoles (p < 0.001), (Fig. 3D). 

4. Discussion 

Our research first focused on the rate of Xenopus laevis early tadpoles 
at increasing doses of cadmium. Tadpoles exposed to high concentra-
tions of Cd2+ (150 µM) in our experimental conditions died. In a former 
study, 100% lethality of Xenopus laevis tadpoles was obtained with 
44.5 µM and 89 µM of Cd2+ applied at different stages for 3 days (stages 

Fig. 3. Cadmium induces a decrease in NCAM expression and an enrichment in polysialic acid content in 6 days treated tadpoles. A Western blots were performed on 
Xenopus adult brains and stage 45 tadpoles using anti-NCAM and anti-β-actin antibodies. B Tadpoles at stage 1 and stage 45 were untreated or treated with 15 µM 
Cd2+ before electrophoresis and Western blot analysis with anti-NCAM or anti-β− actin antibodies. The upper part depicts a typical result of NCAM, the middle part 
the expression profiles of β− actin, and the lower part an analysis by Image J® normalized with respective β-actin values. C Stage 45 tadpole extracts were treated or 
not with endoneuraminidase-N (0.7 U) before Western blots using anti-PSA and anti-β-actin antibodies. D Stage 45 tadpoles were treated or not with 15 µM Cd2+ and 
immunoprecipitated with an anti-NCAM antibody before Western blot analysis with anti-PSA antibody. The upper part shows representative results of PSA, the 
middle part the same membranes reblotted with anti-NCAM antibody, and the lower part the analysis of the expression profiles of PSA by Image J® normalized with 
respective values of immunoprecipitated NCAM. Data are presented as mean +/- standard deviation. The significance of the results was assessed by an ANOVA two- 
factors and a Tukey post-hoc test (*** p < 0.001). 
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2–40) (Herkovits et al., 1997). Others reported that chronic exposure to 
Cd2+ decreased survival in the feeding toad larvae (Bufo americanus) at a 
concentration of 4.8 µM (James and Little, 2003) and in froglets of Rana 
limnocharis in a dose-dependent manner (0.55–2.2 µM) (Patar et al., 
2016). In our experiments, Cd2+ exposures were realized continuously 
from fertilization to stage 45 for 6 days at 19/20◦C. Moreover, tadpoles 
survived in our experimental conditions until stage 45 after 6 days of 
15 µM Cd2+ exposure but their size was significantly lowered. Similar 
results of reduced length were observed on Xenopus tadpoles at 8.9 µM of 
Cd2+ (Sharma and Patiño, 2008). The discrepancies in these results 
might reflect differences in the permeability of tadpole species to cad-
mium, but also in duration and exposure stages. 

Swimming performance represents an important feature that medi-
ates the survival of aquatic animals regarding to prey-predator inter-
action and reproduction (Cano-Barbacil et al., 2020). Swimming around 
in the open water, tadpoles are highly vulnerable to predation. The 
swimming distance traveled and the fastest swimming speed after 6 days 
of Cd2+ exposure were significantly modified. These critical parameters 
could also be related to energy consumption defects. Below stage 45, 
embryos and tadpoles rely on maternal yolk as a nutritional source. Yolk 
stored is during oogenesis inside organelles called yolk platelets. Yolk 
platelets are consumed intracellularly, by proteolysis after fusion with 
endocytic compartments until the tadpole starts feeding after stage 45 
(Fagotto and Maxfield, 1994; Jorgensen et al., 2009). Cd2+ is known to 
reduce yolk uptake leading to a smaller size of freshwater larvae 
(Peterson et al., 1983). It also reduces cell metabolism (Lee and 
Thévenod, 2020) and counteracts endocytosis in several organs (San-
toyo-Sánchez et al., 2013) that are necessary for embryo/tadpole 
growth. 

Three NCAM isoforms (180, 140, and 120 kDa) are detected in the 
nervous system of adult vertebrates including Xenopus (Cunningham 
et al., 1987; Sunshine et al., 1987). However, the expression of NCAM 
during the early development of Xenopus differs, as 180-NCAM is the 
sole form detected during early development (Krieg et al., 1989; Sun-
shine et al., 1987). This is in accordance with our experiments where 
antibodies against NCAM could reveal three isoforms of 180, 140, and 
120 kDa in the adults’ brains, but only the 180-NCAM form in stage 45 
tadpoles. In vertebrates, NCAM is present in neurons beginning to 
extend neurites (Murray et al., 1986), during axon fasciculation, and 
myogenesis (Knudsen et al., 1990). Moreover, in embryos, NCAM carries 
PSA that imparts a negative charge. Positive ions such as Cd2+ might 
affect their capabilities to bind other molecular effectors and modify cell 
adhesion in the developing axons. Recently NCAM was also proposed to 
be involved in the regular function of other organs such as the gut 
motility in vertebrates (Weledji and Assob, 2014), or the heart 
contractility in Xenopus (Sedmera et al., 2003). Our study indicates that 
Cd2+ affects heart rhythms. These results are consistent with results 
obtained from developing cardiomyocytes exhibiting cardiac arrhyth-
mias after Cd2+ treatment (Shen et al., 2018). The cardiovascular system 
is necessary for the development and proper function of every organ and 
anomalies could be detrimental to the survival of juveniles and adults. 

5. Conclusion 

In conclusion, the present study shows that Cd2+ 15 μM allows stage 
45 Xenopus embryos survival. However, this dose has significant effects 
on major developmental points (significant decrease in length), added to 
physiological and behavioral dysfunctions (an increase in cardiovascu-
lar rhythm and swimming distance traveled, and a decrease in maximum 
swimming speed). In addition to these deleterious effects, our data 
demonstrate the significant decrease in the molecular neuronal 180 kDa 
NCAM form, associated with an increase in its PSA level. These results 
leave room for future studies on the role of Cd2+ in the development of 
aquatic animal species and the possibility of NCAM and PSA as possible 
biomarker of Cd2+ toxicity in amphibians and other freshwater species. 
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(PHexMAR), and Corentin Spriet (TISBIO platform) for their help. 

References 

Balak, K., Jacobson, M., Sunshine, J., Rutishauser, U., 1987. Neural cell adhesion 
molecule expression in Xenopus embryos. Dev. Biol. 119, 540–550. https://doi.org/ 
10.1016/0012-1606(87)90057-1. 
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