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A B S T R A C T   

Endocrine disruptors (EDs) pose significant risks to human and environmental health, with potential implications 
for neurotoxicity. This study investigates the synergistic neurotoxic effects of perfluorooctane sulfonate (PFOS) 
and glyphosate (GLY), two ubiquitous EDs, using SHSY5Y neuronal and C6 astrocytic cell lines. While individual 
exposures to PFOS and glyphosate at non-toxic concentrations did not induce significant changes, their combi
nation resulted in a marked increase in oxidative stress and neuroinflammatory responses. Specifically, the co- 
exposure led to elevated levels of interleukin-6, tumor necrosis factor alpha, and interferon gamma, along 
with reduced interleukin-10 expression, indicative of heightened neuroinflammatory processes. These findings 
underscore the importance of considering the synergistic interactions of EDs in assessing neurotoxic risks and 
highlight the urgent need for further research to mitigate the adverse effects of these compounds on neurological 
health.   

1. Introduction 

To date, the harmful potential of endocrine disruptors on human, 
animal, and environmental health within the One Health concept is 
widely recognized (Gao et al., 2024; Sui et al., 2024). These contami
nants are causing significant health concerns due to their ability to 
spread across various systems and compartments and their persistence. 
Indeed, despite the well-known and demonstrated neurotoxic action of 
PFOS and glyphosate (GLY), the focus of this study is to test, in an in 
vitro model, the hypothesis that endocrine disruptors present in the 
environment at concentrations individually non-toxic may have a syn
ergistic effect in triggering various pathological conditions. Indeed, 
when considering neurotoxicity, it’s crucial to account for toxicity 
induced by processes such as oxidative stress and inflammation. Even 
low-grade levels of these processes can have a significant impact on the 
overall health of the central nervous system, especially over the long 
term (Lo et al., 2023). GLY is a widely used herbicide, particularly in 
agriculture. People and animals can be exposed to it through food, 
water, air, or skin contact. It persists in soil and water. This persistence 

can lead to contamination of water bodies through runoff, affecting 
aquatic ecosystems. GLY and its formulations can have neurotoxic ef
fects, including inducing oxidative stress, disrupting mitochondrial 
function, and causing neural cell death. Additionally, GLY is linked to 
endocrine disruption, reproductive toxicity, and potential carcinogenic 
effects. Environmentally, it can harm non-target plant species, aquatic 
organisms, and beneficial soil microbes, disrupting ecosystems. Due to 
these health and environmental concerns, GLY is under significant reg
ulatory scrutiny, with some regions restricting or banning its use. 
Ongoing research aims to better understand its long-term health effects, 
mechanisms of toxicity (Costas-Ferreira et al., 2022a; Roy et al., 2016). 
Although some studies suggest neurotoxic effects, the ongoing debate 
requires comprehensive research to ascertain the full spectrum of effects 
and safety implications associated GLY (Costas-Ferreira et al., 2022b; 
Cattani et al., 2014). PFOS is a synthetic chemical used in industrial 
applications like stain repellents, firefighting foams, and surfactants. 
Humans and animals can be exposed to PFOS through contaminated 
food, water, air, or skin contact. Due to its strong carbon-fluorine bonds, 
PFOS is highly persistent in the environment and resistant to 
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breakdown, leading to its bioaccumulation in wildlife and humans, 
particularly in the liver and blood. This persistence allows PFOS to 
spread globally, far from its original sources. PFOS exposure is associ
ated with neurotoxic effects, including cognitive deficits, behavioral 
changes, and developmental neurotoxicity. It can induce oxidative 
stress, disrupt calcium homeostasis, and affect neurotransmitter sys
tems, leading to neuroinflammation and neural damage. Health risks of 
PFOS include liver damage, immunotoxicity, endocrine disruption, and 
potential carcinogenicity. Environmentally, PFOS contamination affects 
wildlife, especially in aquatic ecosystems, causing reproductive and 
developmental issues in fish and amphibians (Sato et al., 2009). GLY and 
PFOS, found in both agricultural and industrial areas, can contaminate 
surface and groundwater, damage soil, and adversely affect aquatic life. 
People exposed to both contaminants through food, water, air, and 
direct contact can suffer serious health consequences, including the risk 
of neurotoxicity, endocrine dysfunction, and development of carcino
genic diseases. Both GLY and PFOS are currently under the scrutiny of 
environmental authorities, with regulations and monitoring having 
become focal points of environmental policies in many countries (Iqubal 
et al., 2020; Starnes et al., 2022). Scientific investigation of the neuro
toxicity of these substances is essential for a complete understanding of 
their risks to human health and the ecosystem. In fact, GLY, after 
application to soil, can reach initial concentrations between 0.1 and 
1 mg/kg. These concentrations decrease over time due to microbial 
degradation and adsorption to soil particles (Evagelia and Helen, 2020). 
PFOS, being a persistent pollutant, can be present in soil in concentra
tions ranging from nanograms per gram (ng/g) to micrograms per gram 
(µg/g) depending on proximity to sources of contamination (Brusseau 
et al., 2020). In surface water, GLY can be present in concentrations 
ranging from a few micrograms per liter (µg/L) to tens of µg/L, espe
cially in agricultural areas after application (Rendon-von Osten and 
Dzul-Caamal, 2017). PFOS, on the other hand, can range from a few 
nanograms per liter (ng/L) to hundreds of ng/L in contaminated areas 
(Yang et al., 2022). In groundwater, GLY concentrations are generally 
less than 1 µg/L due to adsorption and degradation in soil (Rendon-von 
Osten and Dzul-Caamal, 2017). PFOS can be found in concentrations 
ranging from a few ng/L to tens of ng/L, depending on the level of local 
contamination (Yang et al., 2022). 

GLY concentrations in air are generally in the nanogram per cubic 
meter (ng/m3) range during application periods, decreasing rapidly 
thereafter (Evagelia and Helen, 2020). PFOS concentrations in air are 
very low, often on the order of picograms per cubic meter (pg/m3) down 
to a few nanograms per cubic meter (ng/m3) (Costanza et al., 2019). The 
aim of this study was to evaluate any potential synergism in neurotox
icity between GLY and PFOS. We focused on PFOS and GLY because 
their co-exposure is not a rare event but can occur quite frequently, as 
both are contaminants that easily enter the human and animal food 
chains as described above (Tarazona et al., 2017; Martins-Gomes et al., 
2022; Saikat et al., 2013; Beach et al., 2006; Rawat et al., 2023; Yang 
et al., 2024). To test our hypothesis, we utilized two cell lines, SHSY5Y 
neurons to assess direct neural toxicity (Park et al., 2024) and C6 
astrocytic cells, as these cells play a key role in neuroinflammation and 
can respond to various stimuli by triggering an neuro inflammatory 
response (Dey and Singh, 2022; Kabata and Artis, 2019). 

2. Materials and methods 

2.1. Cell lines and culture 

Rat astroglioma cell line (C6 cells) was obtained from the American 
Type Culture Collection (ATCC) and maintained according to the pro
cedure previously described (Dos Santos et al., 2006). This cell line is 
one of the glial cell models of astrocytic lineage. It has demonstrated 
astrocytic behavior and responds to neurotoxic and inflammatory 
stimuli to produce cytokines (Park et al., 2017; Goswami et al., 2015). 

Cells were seeded in flasks (BioLite 75 cm2 Flask) and cultured in 

DMEM F12 pH 7.4(Dulbecco’s Modified Eagle’s Medium/Nutrient 
Mixture F-12 Ham, Sigma-Aldrich S.p.a. Milan, Italy) containing 5 % 
fetal bovine serum and 2 % Penicillin-Streptomycin (P0781–100 mL, 
Sigma-Aldrich S.p.a. Milan, Italy). The human SH-SY5Y neuroblastoma 
cells used in this study were purchased from (ATCC). This cells, derived 
from human neuroblastomas, offer an unobstructed view of the realm of 
neurons in vitro (Shipley et al., 2016). These cells prove particularly 
useful in the evaluation of neurotoxicity, allowing the impact of chem
icals or drugs on nerve cells to be assessed and providing valuable in
sights into potential impacts on the health of the nervous system (Sayre 
et al., 2008). The cells were cultured in 75 cm2 flasks (BioLite 75 cm2 

Flask) and maintained in high glucose (4.5 gL− 1) Dulbecco’s modified 
Eagle medium (DMEM, Sigma-Aldrich S.p.a. Milan, Italy), supple
mented with 10 % (v/v) fetal bovine serum (FBS, Sigma-Aldrich S.p.a. 
Milan, Italy), 4 mM of L-glutamine (Sigma-Aldrich S.p.a. Milan, Italy), 
and 1 % (v/v) antibiotic solution penicillin-streptomycin (Sigma 
Aldrich). Cells were kept at 37◦C in an atmosphere of 5 % CO2/ 95 % air. 
Exponentially growing cells were detached from the culture flasks using 
scraper and seeded in 6, 24 or 96-well plates, accordingly with experi
mental design. After 24 h since we sowed them, culture medium was 
removed and cells pre-incubated in the presence of a heptadeca
fluorooctansulforic acid solution (Sigma-Aldrich) and N-(Phosphono
methyl) glycine, Glyphosate (Sigma-Aldrich) 

2.2. Cell viability 

To study the impact of PFOS and GLY on cell viability, the MTT (3- 
[4,5-dimethylthiazol-2-yl]-2,5-diphe- nyltetrazolic bromide) reduction 
assay was used (Saxena et al., 2024). A solution of MTT (5 mg/mL) was 
prepared in medium under light-protected conditions. SH-SY5Y and C6 
cells were seeded at a density of 4 ×104 cells per well in a 96-well plate 
in a 150 µL volume of DMEM F12. After a 24-hour incubation at 37◦C, 
5 % CO2, culture medium containing various concentrations (0.01–1000 
μM) of PFOS and GLY alone and in combination in a 1:1 ratio was 
replaced. Viability was performed after 24 h and 48 h of exposure. After 
24 h and 48 h of exposure, respectively, the medium was removed and 
150 µL of MTT dissolved in DMEM/F12 was added. The plates were 
incubated for 3 h, after which the medium was removed and replaced 
with 150 µL of dimethyl sulfoxide to dissolve the formazan salts pro
duced by cell metabolism during MTT incubation. Subsequently, the 
absorbance was measured at 540 nm (Gugliandolo et al., 2020). The 
value that keeps cells viable at 80 % (IC20) were individuated and used 
for the future assays. In particular, At 24 hours, we obtained 10 µM for 
PFOS and 37 µM for GLY in C6 cell. For SHSY-5 J we obtained a IC20 
value of 10 μM and 39 μM for PFOS and GLY respectively. 

2.3. Elisa 

For enzyme-linked immunosorbent assay (ELISA) analysis of IL-6, 
TNF, and IL-10 levels, medium samples were prepared according to 
the manufacturer’s instructions (Rat IL-6 Cat #88–50625–88 Thermo
Fisher SCIENTIFIC, Human IL-6 Cat #EH2IL6 ThermoFisher SCIENTI
FIC, Rat TNF-a Cat #BMS622 ThermoFisher SCIENTIFIC, Human TNF-a 
Cat #88–7346–88 ThermoFisher SCIENTIFIC, Rat IL-10 Cat 
#88–50629–88 ThermoFisher SCIENTIFIC, Human IL-10 Cat 
#88–7106–88 ThermoFisher SCIENTIFIC). Absorbance was measured at 
450 nm (Gugliandolo et al., 2020; Paterniti et al., 2017). 

2.4. Determination of intracellular ROS 

For the assessment of intracellular reactive oxygen species (ROS) 
production, using the carboxy-H2DCFDA assay, cells were seeded at a 
density of 40,000 cells per well in a 96-well plate and incubated with 
various concentrations of PFOS and GLY for 24 hours. Following treat
ment, the medium was replaced with a 10 μM fluorescent probe (car
boxy-H2DCFDA, Life Technologies Corporation) for ROS detection. 
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Fig. 1. Dose-response curves of C6 cells exposed to GLY, PFOS, and GLY+PFOS combination at 24 h and 48 h, respectively. IC50 value of 32.4 μM at 24 h and 10.25 
μM at 48 h for PFOS. And a IC50 value of 174.5 μM at 24 h and 86.78 μM at 48 h for GLY. The results are represented as mean +\- SEM. 

Fig. 2. Dose-response curves of SH-SY5Y cells exposed to GLY, PFOS and GLY+PFOS combination at 24 h and 48 h, respectively. IC50 value of 161,6 μM at 24 h and 
68,14 μM at 48 h for GLY. And a IC50 value of 45,73 μM at 24 h and 11,43 μM at 48 h for PFOS. The results are represented as mean +\- SEM (Fig. 2B). The other 
results are presented as a violin graph as mean with confidence interval. 

Fig. 3. Graphs representing the results obtained in the assessment of oxidative stress by assay of nitrite (A), ROS (B), and MDA (D) in C6 cells exposed to GLY, PFOS, 
and association of GLY+PFOS. Graph of fluorescence assessment of ROS by flow cytofluorometer (C) with representative photos of ROS (E). The results are rep
resented as mean +\- SEM (Fig. 3B). The other results are presented as a violin graph as mean with confidence interval. ****p < 0.0001; ***p < 0.001. 
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After an incubation time of 2 h, the fluorescence intensity signals were 
measured using the Attune NxT cytometer (Thermo Fischer Scientific) 
and observed under a fluorescence microscope (Evos M5000, Thermo 
Fisher) (Gugliandolo et al., 2020). 

2.5. Nitrite evaluation 

Nitrite levels were determined using the Griess reaction. Cells were 
plated at 4 ×104 cells per well in a 96-well plate and treated with PFOS 
and glyphosate for 24 hours. Supernatant from each sample was 
collected and subjected to the Griess reaction. Specifically, 50 µL of 
supernatant was added to another 96-well plate, followed by the addi
tion of 50 µL of 1 % sulfanilamide solution (in 5 % phosphoric acid). 
After a 10-minute incubation, 50 µL of (0,1 % N-1-napthylethylenedia
minedihydrochloride (NED) solution was added to each well, followed 
by another 10-minute incubation. Absorbance was measured at 540 nm 
within 30 minutes using a plate reader (Bogdan, 2001). 

2.6. MDA 

Lipid peroxidation was determined by assessing MDA production by 
thiobarbituric acid assay. The cells were detached from the plate with 
KCl 1.15 % and homogenised. The thiobarbituric acid assay (TBARS), as 
previously described (Amoroso et al., 1999), was performed on the su
pernatant for the assessment of MDA levels for lipid peroxidation. 

2.7. Statistical analysis 

Data presented are representative of a minimum of three indepen
dent experiments. Data were assessed for normality of the data distri
bution by using the Shapiro– Wilk test and reported as the mean ± SEM 
(standard error of the mean) or as mean with confidence interval (violin 
plot). The results are representative of at least five independent exper
iments of n=5. Results were analyzed by one-way ANOVA and Bonfer
roni for multiple comparison. GraphPad Prism statistical software was 
employed for data analysis. A p value less than 0.05 was considered 
significant. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0,0001. 

3. Results 

3.1. Effect on cell vitality 

The effects on cell viability after exposure to PFOS and GLY against 
C6 (Fig. 1) and SH-SY5Y (Fig. 2) cells during 24 and 48 hours of expo
sure were studied using the MTT assay, by which we evaluated 
increasing concentrations of GLY and PFOS (0.01–1000uM) in both 
cases. The MTT assay for C6 cell showed a IC50 value of 32.4 μM at 24 h 
and 10.25 μM at 48 h for PFOS. And a IC50 value of 174.5 μM at 24 h and 
86.78 μM at 48 h for GLY. While combination of PFOS and GLY showed a 
IC50 value of 34,54 μM at 24 and 25,78 μM at 48 h. The MTT assay for 
SH-SY5Y cell showed a IC50 value of 161,6 μM at 24 h and 68,14 μM at 
48 h for GLY. And a IC50 value of 45,73 μM at 24 h and 11,43 μM at 48 h 
for PFOS. While combination of PFOS and GLY showed a IC50 value of 
37,15 μM at 24 and 4,59 μM at 48 h. To test our hypotheses that the low 

Fig. 4. Graphs representing the results obtained in the assessment of oxidative stress by assay of nitrite (A), ROS (B), and MDA (D) in SH-SY5Y cells exposed to GLY, 
PFOS, and association of GLY+PFOS. Graph of fluorescence assessment of ROS (C) by flow cytofluorometer with representative photos of ROS (E). The results are 
represented as mean +\- SEM (Fig. 4B). The other results are presented as a violin graph as mean with confidence interval. ****p < 0.0001; ***p < 0.001. 
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doses of the substances used are not toxic by themselves, but that in 1:1 
combination they may be toxic, we identified a value that keeps cells 
viable at 80 % (IC20). At 24 hours, we obtained 10 µM for PFOS and 
37 µM for GLY in C6 cell. For SHSY-5 J we obtained a IC20 value of 10 
μM and 39 μM for PFOS and GLY respectively. 

3.2. Evaluation on oxidative stress parameters 

Oxidative stress was assessed through nitrite, ROS, and MDA levels. 
The combination of PFOS and GLY resulted in a significant increase in 
nitrites compared to the control and individual exposure groups. Simi
larly, the ROS assay demonstrated a notable rise in ROS levels in the 
combined exposure group compared to individual exposures. MDA 
levels, indicative of lipid peroxidation, were also significantly elevated 
in the group exposed to both PFOS and GLY, reinforcing the presence of 
heightened oxidative stress in this combined exposure scenario.(Fig. 3 
and Fig. 4) 

3.3. Effect on IL-6, TNF-a, INF-y and IL-10 release 

We investigated on C6 and SH-SY5Y cells the levels of cytokines 
involved in inflammatory processes. Both the pro-inflammatory ones, 
such as IL-6, IFN-gamma, TNF-a, and the main one involved in the anti- 
inflammatory process, namely IL-10. The first three, as can be seen from 
the figure below (Figs. 5 and 6, in C6 and SH-SY5Y, respectively), in
crease in the group in which the cells were exposed to the association of 
the two substances, PFOS and GLY in a 1:1 ratio, presenting a significant 
increase compared with the PFOS and GLY groups. 

In a mirror manner, we performed the same process with SH-SY5Y 
cells. The results were superimposable, again having a significant in
crease in pro-inflammatory parameters in the group exposed to the 

association of the two substances compared to the others, in which we 
exposed C6 cells and SH-SY5Y cells to only one of two substances, PFOS 
and GLY, respectively. 

As for the anti-inflammatory cytokine IL-10, we have a significant 
decrease in the group exposed to PFOS and GLY compared with those in 
which exposure occurred with only one of the two substances. 

4. Discussion 

Neuroinflammation is a complex condition caused by multiple 
mechanisms (Marino et al., 2022). The relationship between environ
mental contaminants and these neuroinflammatory mechanisms is a 
topic of growing interest and concern in the scientific and medical fields 
(Mahapatra et al., 2023; Izumi et al., 2024). The objective of this work 
was to test for any potential synergism in the neurotoxicity of these 
contaminants, taking into consideration the synergism between GLY and 
PFOS. To test our hypothesis we used two cell lines, SHSY5Y neurons to 
evaluate direct neural toxicity and C6 astrocytic cells, since these cells 
play a key role in neuroinflammation (Sun et al., 2019; Martínez et al., 
2020). Our cell viability results demonstrate that the combination of 
PFOS and GLY evokes a toxic effect, but at a lower dosage than indi
vidual exposures both at 24 and 48 hours of exposure. Having identified 
the toxic dose, we then decided to identify the doses that would not have 
caused a decrease in vitality greater than 80 %, to evaluate how this 
influences the induction of oxidative stress in both SHSY5Y and C6 cells. 
These condition corresponded to a concentratrion of 10 µM for PFOS 
and 37 µM for GLY in C6 cells, and 10 µM and 39 µM for PFOS and 
glyphosate respectively in SHSY-5Y cells. Oxidative stress is 

Fig. 5. Graphs representing the results obtained in the evaluation of pro- 
inflammatory cytokines such as IL-6, TNF-a, IFN-y and the anti-inflammatory 
one IL-10 in C6 cells exposed to GLY, PFOS and combination of GLY+PFOS. 
NS: Non-Significative; ****p < 0.0001; ***p < 0.001; **p < 0.01; The results 
are presented as violin plot as mean with confidence interval. 

Fig. 6. Graphs representing the results obtained in the evaluation of pro- 
inflammatory cytokines such as IL-6, TNF-a, IFN-y and the anti-inflammatory 
one IL-10 in SH-SY5Y cells exposed to GLY, PFOS and combination of 
GLY+PFOS. NS: Non significative; ****p < 0.0001; **p < 0.01; *p < 0.1; The 
results are presented as violin plot as mean with confidence interval. 

G.A. Franco et al.                                                                                                                                                                                                                               



Environmental Toxicology and Pharmacology 109 (2024) 104496

6

characterized by the increase of intracellular oxygen reactive species 
(ROS) (Cobb and Cole, 2015) and an overproduction of nitric oxide, 
leading to increased nitrosative stress (Morris et al., 2018). In addition 
to damaging DNA and key components of these cells (Sayre et al., 2008), 
oxidative stress can cause lipid peroxidation, which is an important 
mechanism in central nervous system neurotoxicity (Butterfield, 2020). 
In fact, many endocrine disruptors manifest their toxic effects through 
this mechanism, inducing oxidative and nitrosative stress and the sub
sequently cellular events (Masuo and Ishido, 2011). In fact, the hy
pothesis of this study encompasses a fundamental aspect: substances or 
mixtures of substances, such as endocrine disruptors, at concentrations 
that do not manifest toxic actions, may be capable of inducing cellular 
responses such as oxidative stress and inflammation. This can then lead 
to a cascade of secondary events that may contribute to the onset of 
pathological conditions or impact overall well-being (Raja et al., 2022). 
Consider the link between neuroinflammation and neurodegenerative 
diseases, where non-pathological conditions of neuroinflammation, 
when prolonged over time, lead to events that compromise normal ho
meostasis (de Oliveira et al., 2015; Marogianni et al., 2020). 

In accordance with previously studies (Costas-Ferreira et al., 2022b; 
Li et al., 2017) on oxidative stress, induced by these compaunds, our 
results demonstrate a similar effect on both SHSY-5Y cells and C6 cells, 
where the combination of PFOS and GLY has a significantly greater ef
fect in inducing oxidative stress, compared to individual exposures. 

Indeed, for both cell lines SHSY-5Y and C6, we have a significant 
increase in all parameters associated with nitrosative and oxidative 
stress, such as nitrites, ROS and MDA. The Griess assay showed that the 
association leads to a significant increase in nitrites. This could be due to 
both a direct action of the compounds on oxidative stress induction and 
the endogenous production of NO in response to exposure. The increase 
in ROS and nitrites observed is consistent with the increased levels of 
lipid peroxidation that we found following exposure. Interesting, indi
vidual exposures do not cause significant variations compared to the 
control group. This suggests a potential synergistic effect of PFOS and 
GLY in inducing oxidative stress, highlighting the importance of 
considering interactions between endocrine disruptors when evaluating 
their neurotoxic effects. The inflammatory process is tightly and finely 
regulated in the central nervous system, where it is mediated by the 
secretion of cytokines that act as important messengers in the commu
nication between immune cells resident in the central nervous system 
and neuronal cells. As shown in previously studies (Wang et al., 2015; 
Peillex and Pelletier, 2020; Chen et al., 2018a), an important involve
ment of inflammation in the toxicity given by interferents such as GLY 
and PFOF has been seen and therefore in our study, to evaluate how 
inflammation is influenced by the synergism between these two con
taminants, we considered the main inflammatory cytokines, including 
interleukin 6 (IL-6), tumor necrosis factor alpha (TNF-α), interferon 
gamma IFN-γ, and interleukin 10 (IL-10). In agreement with previous 
studies (Chen et al., 2018b; Costas-Ferreira et al., 2022b), we found that 
individual concentrations of PFOS and GLY do not produce significant 
changes in cytokine levels. However, co-exposure to PFOS and GLY at 
the same concentration causes a significant imbalance in the levels of 
cytokines secreted in both SHSY5J and C6 cells. IL-6, TNF-α, IFN-γ and 
IL-10 are all involved in neuroinflammatory processes and an alteration 
of their levels can lead to neurodegeneration or an alteration of central 
nervous system homeostasis. Our results thus demonstrate how endo
crine disruptors such as PFOS and GLY, at individually non-toxic con
centrations, can pose a serious risk when combined, leading to the 
induction of neuroinflammatory processes and oxidative stress in the 
central nervous system. 

5. Conclusion 

In conclusion, we believe that understanding these aspects is crucial 
for better comprehending the role of endocrine disruptors and their 
hazardous nature, especially in long-term processes and pathologies 

such as neurodegenerative diseases. This is particularly significant 
considering the widespread presence of these endocrine disruptors in 
the environment, which enables them to interact with biological systems 
even at very low concentrations, often in synergy or in the presence of 
numerous other endocrine disruptors. Certainly, future studies are 
necessary to better understand the toxic action of these two dangerous 
endocrine disruptors and to better evaluate their neurotoxic aspects, 
thus improving health from a One Health perspective. 
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