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Terminologies

1. PFAS or Per- and polyfluoroalkyl substances (PFAS) are a group of synthetic chemicals that are resistant to heat, water, oil, and 

grease, and hence have raised concerns regarding their impact on health and the environment.

2. Cytotoxicity is a measure of how a substance can cause damage to or kill cells in general.

3. Neurotoxicity specifically refers to the toxic effects of substances on nerve cells (neurons) and the nervous system. In this study 

neurotoxicity was assessed by:

a. Oxidative stress response occurs when there is an imbalance between free radicals and antioxidants in the body, leading to 

cellular damage. It is a significant factor in various health issues.

b. Mitochondrial toxicity refers to the harmful effects that substances can have on the mitochondria, leading to decreased 

energy production, impaired cellular metabolism, and increased production of reactive oxygen species (ROS).

c. Neurite outgrowth refers to the process by which developing neurons extend their axons and dendrites, which are essential 

for forming connections with other neurons.



Background





The present study, evaluated mixture toxicity of PFAS
at concentration ratios relevant in the environment and in
human blood, focusing on their impacts on two cell lines

Human neuroblastoma (SH-SY5Y) cells differentiated into 
neuron cells were used as a screening tool to assess 
cytotoxicity and neurite outgrowth, serving as proxies for 
neurotoxicity.

Oxidative stress response, mediated via the nuclear factor 
erythroid 2-related factor 2-Antioxidant Response Element (Nrf2-
ARE) pathway, was quantified using the reporter protein 
luciferase, while mitochondrial toxicity was assessed using the 
mitochondrial membrane potential (MMP) indicator in the 
reporter gene cell line AREc32.

Aim of study

Lee, J.; König, M.; Braun, G.; Escher, B. I. Water Quality Monitoring with the Multiplexed Assay MitoOxTox for Mitochondrial Toxicity, Oxidative Stress Response, and Cytotoxicity in AREc32 Cells. 
Environ. Sci. Technol. 2024, 58 (13), 5716–5726.
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Study design





Methods

 Specificity ratio (SR)= IC10
EC10

IC10 is the inhibitory concentration for 10% cytotoxicity
EC10 is the effect concentration for 10% effect, i.e., for neurite 
outgrowth inhibition.

 Baseline toxicity (IC10, baseline) is the minimum toxicity of any 
chemical, it can be predicted from its tendency to 
accumulate in biological membranes.

It is stimulated by the liposome-water distribution ratio. (Dlip/w)

 Toxicity Ratio (TR) is the measure of excess cytotoxicity. 
TR = 𝐼𝐼𝐼𝐼10,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

𝐼𝐼𝐼𝐼10
 

 The 10% inhibitory concentration for cytotoxicity of a mixture 
IC10(CA)

 Index of prediction quality (IPQ)
 Contribution of one component ‘i’ to the overall mixture effect.(Toxi)
 The relative effect potency , relative to PFOA

 The concentration responsive curve (CRC) was calculated for 
any effect level below 10%



Results and discussion







Environmental mixture

Figure: Comparison of the contribution of individual PFAS ‘i’ to the fraction in the mixture



Blood mixture

Figure: Comparison of the contribution of individual PFAS ‘i’ to the fraction in the mixture



PSmix and WASmix 



Figure: Comparison between the predicted and the baseline toxicity.
IPQ < 0.5 shows good prediction for NOI but cytotoxicity had a tendency towards antagonism



Findings

 The CRCs of the extracts of PS and WAS indicated activity in all end points of the MitoOXTox assay and the neurotoxicity assay. The 

extracts activated oxidative stress response and inhibited MMP, which are not activated by designed mixtures or individual PFAS.

 This may be due to many other biosolid extracts other than PFAS which can trigger such action.

 However, because of the high persistence of PFAS, it is likely that PFAS concentrations in environments where biosolids are applied are 

more important relative to the other biodegradable chemicals that also contribute to biosolids’ toxicity.



 PFAS mixtures exhibit neurotoxic effects, particularly by inhibiting neurite outgrowth in neuron-like cells.

 Neurotoxicity is observed even at low, environmentally relevant concentrations.

 Mixture effects are additive, with toxicity levels aligning with the Concentration Addition (CA) model.

 Individual PFAS showed primarily cytotoxic effects but no significant oxidative stress or mitochondrial toxicity below cytotoxic levels.

 The study underscores the importance of assessing PFAS as mixtures rather than as isolated compounds for accurate risk evaluation.

 High-throughput screening (HTS) and new approach methodologies (NAMs) are validated as effective tools for evaluating mixture 

toxicity. 

ConclusionConclusion
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