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 Below is a list of additional literature studies that are intended to be included in 
the assessment of developmental neurotoxicity and neurotoxicity by the 

committee for risk assessment (RAC) during the CLH process. A general survey of 
the published literature indicates an ongoing concern for silver-mediated 

neurotoxicity. Many studies recognise the potential for silver (1) to localise to 
neural tissues in the central nervous system from different exposure routes and 

(2) to be involved in oxidative insult and mitochondrial damage in regions of the 

brain associated with cognitive, behavioural, motor and memory associated 
functions. 

 These data may be considered relevant for classification for specific target organ 
toxicity after repeated exposure (STOT RE) and/or for developmental toxicity. 

 
- Davenport LL, Hsieh H, Eppert BL et al., (2015). Systemic and behavioral effects 

of intranasal administration of silver nanoparticles. Neurotoxicol Teratol 51:68–
76. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4692053/ 

 

- Dietl HW, Anzil AP, Mehraein P. (1984). Brain involvement in generalized argyria. 
Clin Neuropathol. 3(1):32-6. PMID: 6705320. 

https://pubmed.ncbi.nlm.nih.gov/6705320/ 
 

 
- Dziendzikowska K, Węsierska M, Gromadzka-Ostrowska J, Wilczak J, Oczkowski 

M, Męczyńska-Wielgosz S, Kruszewski M. (2021). Silver Nanoparticles Impair 
Cognitive Functions and Modify the Hippocampal Level of Neurotransmitters in a 

Coating-Dependent Manner. Int J Mol Sci. 22(23):12706. doi: 

10.3390/ijms222312706. PMID: 34884506. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8657429/ 

 
- Dziendzikowska K, Wilczak J, Grodzicki W, Gromadzka-Ostrowska J, Węsierska M, 

Kruszewski M. (2022). Coating-Dependent Neurotoxicity of Silver Nanoparticles-
An In Vivo Study on Hippocampal Oxidative Stress and Neurosteroids. Int J Mol 

Sci. 23(3):1365. doi: 10.3390/ijms23031365. PMID: 35163290. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8835951/ 

 

 
- Ganjuri, M., Dr. Moshtaghian, J., Dr. Ghaedi, K. (2015). Effect of Nanosilver 

Particles on Procaspase-3 Expression in Newborn Rat Brain. Cell J. 17(3): 489-
493. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4601869/ 

 
- Hadrup N, Loeschner K, Mortensen A, Sharma AK, Qvortrup K, Larsen EH, Lam 

HR. (2012). The similar neurotoxic effects of nanoparticulate and ionic silver in 
vivo and in vitro. Neurotoxicology. 33(3):416-23. doi: 

10.1016/j.neuro.2012.04.008. Epub 2012 Apr 15. PMID: 22531227. 

https://pubmed.ncbi.nlm.nih.gov/22531227/ 
 

 
- Khan AM, Korzeniowska B, Gorshkov V, Tahir M, Schrøder H, Skytte L, 

Rasmussen KL, Khandige S, Møller-Jensen J, Kjeldsen F. (2019). Silver 
nanoparticle-induced expression of proteins related to oxidative stress and 

neurodegeneration in an in vitro human blood-brain barrier model. 
Nanotoxicology. 13(2):221-239. doi: 10.1080/17435390.2018.1540728. Epub 

2019 Jan 9. PMID: 30623748. https://pubmed.ncbi.nlm.nih.gov/30623748/ 

 
- Lansdown, A. B. G. (2007). Critical observations on the neurotoxicity of silver. 

Crit Rev Toxicol. 37(3):237-50. doi: 10.1080/10408440601177665. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4692053/
https://pubmed.ncbi.nlm.nih.gov/6705320/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8657429/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8835951/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4601869/
https://pubmed.ncbi.nlm.nih.gov/22531227/
https://pubmed.ncbi.nlm.nih.gov/30623748/


https://pubmed.ncbi.nlm.nih.gov/17453933/ 
 

 
- Lidia Strużyńska, Joanna Skalska. (2018). Mechanisms Underlying Neurotoxicity 

of Silver Nanoparticles. Adv Exp Med Biol. 1048:227-250. doi: 10.1007/978-3-
319-72041-8_14. https://pubmed.ncbi.nlm.nih.gov/29453542/ 

 
- Liu et al., (2022). Administration of Silver Nasal Spray Leads to Nanoparticle 

Accumulation in Rat Brain Tissues. Environmental Science & Technology 56(1), 

403-413. https://pubmed.ncbi.nlm.nih.gov/34923819/ 
 

- Liu et al., (2012). The possible mechanism of silver nanoparticle impact on 
hippocampal synaptic plasticity and spatial cognition in rats. Toxicology Letters 

209; 227-231. https://pubmed.ncbi.nlm.nih.gov/22245254/ 
 

- Mota & Dinis-Oliveira (2021). Clinical and Forensic Aspects of the Different 
Subtypes of Argyria. J. Clin. Med. 10, 2086. 

https://doi.org/10.3390/jcm10102086. 

 
- Rungby, J and Danscher, G. 1984.  Hypoactivity in silver exposed mice. Acta 

Pharmacol Toxicol, 55: 398-401. https://pubmed.ncbi.nlm.nih.gov/6528809/ 
 

- Rungby, J., Slomianka, L., Danscher, G., Andersen, A.H. and West, M.J. (1987). A 
quantitative evaluation of the neurotoxic effect of silver on the volumes of the 

components of the developing rat hippocampus. Toxicology 43(3):261-268. 
https://pubmed.ncbi.nlm.nih.gov/3824394/ 

 

- Sharma A, Muresanu DF, Patnaik R et al., (2013). Size- and age-dependent 
neurotoxicity of engineered metal nanoparticles in rats. Mol Neurobiol 48:386–

396. https://pubmed.ncbi.nlm.nih.gov/23821031/ 
 

 
- Skalska J, Dąbrowska-Bouta B, Frontczak-Baniewicz M, Sulkowski G, Strużyńska 

L. (2020). A Low Dose of Nanoparticulate Silver Induces Mitochondrial 
Dysfunction and Autophagy in Adult Rat Brain. Neurotox Res. 38(3):650-664. doi: 

10.1007/s12640-020-00239-4. Epub 2020 Jun 25. PMID: 32588355. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7467969/ 
 

- Skalska J, Strużyńska L. (2015). Toxic effects of silver nanoparticles in mammals-
-does a risk of neurotoxicity exist? Folia Neuropathol. 53(4):281-300. doi: 

10.5114/fn.2015.56543. PMID: 26785363. 
https://pubmed.ncbi.nlm.nih.gov/26785363/ 

 
 

- Wu, J. et al., (2015). Effects of prenatal exposure to silver nanoparticles on 

spatial cognition and hippocampal neurodevelopment in rats. Environmental 
Research 138; 67-73. https://pubmed.ncbi.nlm.nih.gov/25701810/ 

 
- Xu L, Shao A, Zhao Y et al., (2015). Neurotoxicity of silver nanoparticles in rat 

brain after intragastric exposure. J Nanosci Nanotechnol 15:4215–4223. 
https://pubmed.ncbi.nlm.nih.gov/26369032/ 

 
 

- Yin N, Zhang Y, Yun Z, Liu Q, Qu G, Zhou Q, Hu L, Jiang G. (2015). Silver 

nanoparticle exposure induces rat motor dysfunction through decrease in 
expression of calcium channel protein in cerebellum. Toxicol Lett. 237:112–120. 

https://pubmed.ncbi.nlm.nih.gov/26068065/ 

https://pubmed.ncbi.nlm.nih.gov/17453933/
https://pubmed.ncbi.nlm.nih.gov/29453542/
https://pubmed.ncbi.nlm.nih.gov/34923819/
https://pubmed.ncbi.nlm.nih.gov/22245254/
https://doi.org/10.3390/jcm10102086
https://pubmed.ncbi.nlm.nih.gov/6528809/
https://pubmed.ncbi.nlm.nih.gov/3824394/
https://pubmed.ncbi.nlm.nih.gov/23821031/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7467969/
https://pubmed.ncbi.nlm.nih.gov/26785363/
https://pubmed.ncbi.nlm.nih.gov/25701810/
https://pubmed.ncbi.nlm.nih.gov/26369032/
https://pubmed.ncbi.nlm.nih.gov/26068065/

