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Acrylamide (AA)

Where is AA? 

- High temperature-cooked food (Maillard reaction)

- Cigarettes

- Industrial production (from 1954)
USES:

• production of polyacrylamides (flocculants for water management, dyes, packaging of food and 
cosmetics)

• construction (sealing and foundations)

• processing of pulp and paper
• gel electrophoresis in molecular laboratories

• small polar molecule
•  unsaturated aldehyde

C3H5NO
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Toxicokinetics of acrylamide

Mainly in urine 
(mercapturic acids)

High bioavailability 

- wide distribution
- can cross blood-brain barrier
- can cross placenta 

- Direct conjugation with glutathione 
- Oxidation by CYP2E1 to glycidamide
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Metabolism of acrylamide

From Hartwig et al. Archives of Toxicology (2020) 94:1787-1877

(GA)(AA)
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Toxicological effects of AA
Neurotoxicity: 
- Peripheral neuropathy, ataxia, muscle weakness
- Observed in occupational exposure 

Carcinogenicity: 
- Genotoxic effects:  DNA damage, mutations, chromosomal aberrations
- Tumors in different organs in animal models
- Inconclusive evidence from epidemiological studies in humans

Reproductive effects: 
- Sperm defects in animal models

Developmental effects: 
- Reduced weight at birth and teratogenic effects in animal models

Acrylamide

Glycidamide

Acrylamide + Glycidamide

Glycidamide

Classified from 1994 as probably carcinogenic to humans, group 2A, by IARC
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Critical endpoints Critical effect
BMDL10

Neurotoxicity Sciatic nerve axonal degeneration in rats exposed to AA for 2 years 0.43mg/Kg/day

Male reproduction Degeneration of testicular germinal epithelium in rats exposed for 90 days 2mg/Kg/day

Developmental 

toxicity
Neurobehavioral effects in rats exposed pre- and post-natally 1mg/Kg/day

Carcinogenicity Harderian gland tumor in mice exposed to AA for 2 years 0.17 mg/Kg/dayN
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AA risk assessment

Hazard characterizazion (EFSA 2015)

Estimated human exposure from diet
Mean 0.4-1.9 g/Kg bw per day; 95th percentile: 0.6-3.4 g/kg bw per day

Margin of Exposure (MoE) = BMDL10/estimated exposure dose
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AA risk assessment

Margin of Exposure (MoE) = BMDL10/estimated exposure dose

MoE << 10’000 : Concern for food-related AA exposure with respect to neoplastic events!

>> Application of the ALARA principle (As Low As Reasonably Possible) for risk management

Carcinogenicity
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MoE for carcinogens = 10’000 (100x10X10)

• 10-fold factor to account for inter-species variability in toxicokinetics and 
toxicodynamics

• 10-fold factor to account for intra-species variability in toxicokinetcis and 
toxicodynamics

Specific for carcinogenic and mutagenic compounds: 

• 10-fold factor to account for inter-individual variability in cell-cycle control and DNA 
repair

• 10-fold factor to account for the fact that the reference dose is not a true «no-effect» 
level (under the assumption that genotoxic effects follow a linear dose-response 
relationship across the whole concentration range)
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1. Point of Departure based on animal data

The debate around the current risk 

assessment
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• Limited and inconsistent evidence from human epidemiological data 

The CONTAM Panel (EFSA 2015) concluded that there was no consistent indication for 

an association between AA exposure and increased risk of cancer in various organs

Study limitations: 

• uncertainties in the exposure assessment of AA
• lack of statistical power

1. Point of Departure based on animal data

• Clear evidence of carcinogenic potential of AA in animal models  
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1. Point of Departure based on animal data

From Hartwig et al. Archives of Toxicology (2020) 94:1787-1877

(GA)(AA)

>

>
75% at 3mg/Kg

Conversion of AA to GA in humans is lower than 
in rodents

>> need to model toxicokinetic differences in risk 
assessment
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1. Point of Departure based on animal data

2. Genotoxicity in the low-dose range? 

The debate around the current risk 

assessment
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2. Genotoxicity in the low-dose range?

• Experimental data points are often in 

the high-concentration range 

• Genotoxic compounds are considered 

not to have a «safe» threshold

• The linear extrapolation may be taken as 

a worst-case scenario

• Other carcinogenesis-related end-points 

(i.e. DNA adducts and mutations, 
surrogate markers) might be used to 
extend the experimentally accessible 

exposure range
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2. Genotoxicity in the low-dose range?

DNA adducts in organs following single AA dose in rats DNA adducts in hepatocytes

24h treatment with AA

Watzek et al. Chem Res Toxicol (2012) 25:2:381-390 Hemgensberg et al. Toxicology (2021) 464:153022
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2. Genotoxicity in the low-dose range?

• Glycidamide has a weak genotoxic potential 

• Experimental evidence suggests a threshold for GA 
genotoxic effects (hundreds of mol in in vitro and in in 
vivo assays)

• At low AA dose the DNA damage does not exceed the 
background range

• The quantitative use of intermediate end-points in 
risk assessment is under discussion, but not yet 
established (no validated procedures, no guidelines)
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1. Point of Departure based on animal data

2. Genotoxicity in the low-dose range? 

3. Contribution of non-genotoxic effects?

The debate around the current risk 

assessment
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3. Contribution of non-genotoxic effects

Exposure to AA

Cellular uptake and metabolism

DNA adducts

Mutation/initiated cell

Promotion

Expansion, invasiveness, 

autunomous proliferation

Cancer

Inactivation via reaction with 

non-DNA targets

DNA repair

Cell-cycle checkpoint activation

Apoptosis, autophagy, 
senescence

Oxidative stress (interference with DNA repair)

Evidence from toxicogenomic studies:
- Effects on cell cycle regulator genes (Ekanem et al. 2019)

- Effects on calcium signaling and cytoskeleton genes 
(Chepelev et al. 2017, 2018; Recio et al. 2018)

- Epigenetic changes (De Conti et al. 2019)
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3. Contribution of non-genotoxic effects

• Contribution of non-genotoxic effects is possible, but 
need to be better characterized

• BMDL from toxicogenomic studies are 1 to 4-fold of 
BMDLs derived from 2-year rodent studies

• Toxicogenomic studies can help to expand the 
understanding of AA mode of action beyond 
genotoxicity and to evaluate these effects at dietary 
relevant concentration 
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1. Point of Departure based on animal data

2. Genotoxicity in the low-dose range?

3. Contribution of non-genotoxic effects?

4. Indications from exposure biomarkers

The debate around the current risk 

assessment
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4. Indications from exposure biomarkers

• Exposure biomarkers integrate all exposure routes 

• Mercapturic acids serve as established short-term biomarkers (excreted within 3 
days following exposure)

• Hemoglobin adducts as surrogate biomarkers of AA exposure (HbAA and HbGA
adducts reflect internal exposure over 3-4 months) 

From Hartwig et al. Archives of Toxicology (2020) 94:1787-1877

(GA)(AA)

Stable (chronic exposure)

Quick excretion (3 days)
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4. Indications from exposure biomarkers

Main studies examining total dietary intake (questionnaire/dieatary recall) and correlation 

with Hb adducts from acrylamide 

0.0 0.1 0.2 0.3 0.4 0.5

Hagmar at al. 2005

Wilson et al. 2009

Wirfalt et al. 2008

Vikstrom et al. 2012

Bjellaas et al. 2007

Duarte-Salles et al. 2013

Pedersen et al. 2012

Kutting et al. 2005

Kutting et al. 2008

Outzen et al. 2011

Ferrari et al. 2013

Obon-Santacana et al. 2017

Tran et al. 2010

Duke et al. 2018

Brisson et al. 2014

Yamamoto et al. 2020

Correlation coefficient

Significant trend in men, not significant in women

No correlation

Significant association

No correlation

Significant trend

Pedersen et al. Food Chem Tox (2022) 161:112799

- Overall low to modest 
correlation with 
estimated AA dietary 
intake

- High uncertainty of 
questionnaire 
(incomplete data, 
recall bias) 

- Raise questions about 
other sources of 
acrylamide exposure? 
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4. Indications from exposure biomarkers

Goempel et al. Arch Tox (2017) 91:3551-3560

GROUP A

coffee
(0.15-0.17

g/Kg BW/day)

High AA
(14.1-15.9

g/Kg BW/day)

Human intervention study 

GROUP B

13C3D3-AA
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4. Indications from exposure biomarkers

• The contribution of dietary acrylamide to overall internal 
exposure needs to be better characterized. 

• Possible endogenous formation of acrylamide quantified in the 
range of 0.2-0.4 g/Kg BW/day > not negligible (estimated dietary human 

exposure 0.4-1.9 g/Kg BW per day; 95th percentile: 0.6-3.4 g/kg bw per day)

• Origin of endogenous acrylamide is not clear: 

- biochemical reactions occurring during physiological energy 
metabolism

- produced from acrolein generated from glycerol in human gut 
microbiota
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Conclusions

• Acrylamide risk assessment was performed with a Margin of Exposure 
approach, according to the guidelines for carcinogenic and genotoxic 
compounds. 

• Considering human AA toxicokinetics and the hypolinearity of genotoxic 
effects at concentrations in the low range (up to 100g/Kg bw), relevant to 
dietary exposure, cancer risk is likely overestimated in the current risk 
assessment.



26

Gaps in knowledge and research needs

- Establish a compelling Mode of Action for AA at diet-related dosage 
(genotoxic/non genotoxic)

- Establish dependable correlations between exposure and biomarker 
levels 

- Establish the sources of background level of AA exposure (endogenous vs 
exogenous pahways)

- Establish the levels of DNA background damage in humans 

>> establishement of an AA exposure level not associated with 
induction of toxic or adverse effects
>> revision of the risk assessment methodology to include 
intermediate end points and surrogate markers
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THANK YOU!  
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