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SUMMARY

Caenorhabditis elegans

C. elegans 

1. NM300K Ag NPs would be toxic to C. elegans, but the relatively low dissolution 

of these NPs would make these less toxic than AgNO3. 

2. Multigenerational exposure will lead to an adaptation towards Ag NPs at lower 

concentrations, but an increase in sensitization at higher concentrations, across 

generations. 

3. The production of reactive oxygen species (ROS) involved in the toxic 

mechanisms of Ag NPs, would trigger antioxidant defenses following exposure, 

and changes in toxic responses over generations could be related to these 

defense mechanisms.  
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SAMMENDRAG

Caenorhabditis elegans

C. 

elegans

1. NM300K Ag NP er toksiske for C. elegans, men toksisiteten er lavere enn for 

AgNO3 fordi ioner det i relativt liten grad frigjøres ioner fra partiklene. 

2. Eksponering over flere generasjoner vil føre til en adapsjon til lave 

konsentrasjoner av Ag NP, mens høye konsentrasjoner vil medføre økt 

sensitivitet. 



3. Reaktive oksygenforbindelser (ROS) generert som resultat av Ag NP 

eksponering, vil aktivere antioksidantsystemer, og vil over generasjoner 

medføre endringer i toksiske responser relatert til forsvarsmekanismer 

mot oksidativt stress.   

C. elegans

Escherichia coli



C. elegans

sod-1

sod-1

sod-1

C. elegans





List of Papers
Paper I. Characterizing the behavior, uptake and toxicity of NM300K silver 

nanoparticles in Caenorhabditis elegans

Environmental Toxicology and 

Chemistry

Paper II. In vivo assessment of silver nanoparticle induced reactive oxygen species 

reveals tissue specific effects on cellular redox status in the nematode 

Caenorhabditis elegans. Environmental Science: Nano

Paper III. Adaptive tolerance to a multigenerational silver nanoparticle (NM300K) 

exposure by the nematode Caenorhabditis elegans is associated with increased 

sensitivity to AgNO3.

Nanotoxicology

Paper IV. Effects on Caenorhabditis elegans antioxidant defense and reactive 

oxygen species (ROS) metabolism following multigenerational exposure to AgNO3 

or NM300K Ag NPs



Abbreviations





1. Introduction

1.1. Background

Solely the dose determines that a thing is not a poison

 et al.  et al.

There is plenty of room at the bottom: An invitation to enter a new field 

of Physics  et al.

creating 

products and applications based primarily upon the synthesis of molecules in the nanoscale 

(10-9 m) size range

 et al.



 et 

al.

 et al.  et al.  et al.

 et al.

 et al.  et al.

 

et al.

Material with any external dimension in the nanoscale or having 

internal structure or surface structure in the nanoscale”

A 

natural, incidental or manufactured material containing particles, in an unbound state or 

as an aggregate or as an agglomerate and where, for 50 % or more of the particles in the 

number size distribution, one or more external dimensions is in the size range 

1 nm – 100 nm. In specific cases and where warranted by concerns for the environment, 

health, safety or competitiveness the number size distribution threshold of 50 % may be 

replaced by a threshold between 1 % and 50 %” (European Commission, 2011). 

 et al.

 et al.



 

et al.
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1.2. Silver nanoparticles
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1.3. Silver nanoparticle toxicity to biota
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al.  et al.
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et al.  et al.  et al.  et al.  et al.
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Sphaerium corneum Daphnia 

magna D. pulex and D. galeata  et al.

 et al.  et al.  et al.

D. pulex 

D. galeata )



 et al.  et al.

 et al.

 et al.  et al.  et al.

 et al.

 et al.  et al.  et al.
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1.4. Reactive oxygen species and oxidative stress

 et al.

 et al.



unwanted and toxic by-products of living in an aerobic environment” 

 et al.

 et al.

 et al.  et al.

 et al.

C. elegans,
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Figure 1:

C. elegans. 
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 et al. Sphaerium corneum, 

 et al.

 et al. C. elegans, 

 et al.  et al.  et al.

sod-3

C. elegans
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1.6. Adaptation towards stressors

 et al.



 et al. the process of change in an 

organism to conform better with (new) environmental conditions, whereby the organism 

(or group of organisms) acquires characteristics, involving changes in morphology, 

physiology or behaviour, that improve their survival and reproductive success in the 

particular environment

 et al.
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1.7. Ag NP multigenerational studies
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Table 1:



1.8. Aims and Objectives

C. elegans

C. elegans

C. elegans

C. elegans

C. elegans 



2. Methodology

2.1. General outline
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2.2. NM300K stock preparation and characterization

2.2.1. Stock preparation of the NM300K stock suspensions

 et al.

2.2.2. Nanoparticle characterization

 et al.  et al.
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Figure 3:

2.2.3.
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2.2.4. Hydrodynamic diameter and zeta potential
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2.2.5. Centrifugation, ultrafiltration and size fractionation

 et al.

 et al.  et al.

E. coli



 et al.

2.3. Choice of organism
C. elegans 
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C. elegans 
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vivo  et al.
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2.4. Toxicity test
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2.5. Exposure and concentrations



2.6. Endpoints

2.7. Chronic multigenerational exposure
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Figure 4:
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2.7.1. Cross toxicity test exposure

2.7.2. Sampling

2.8. F6 generation toxicity test towards other toxicants

2.9. ROS production and antioxidant defenses mechanisms

2.9.1. Nematode strains

C. elegan in vivo
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2.9.2. SOD 1
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Figure 5:  et al.

2.9.3. HyPer
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Figure 6:
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2.9.4. GRX

in vivo
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Figure 7: Grx1 roGFP2
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2.9.5. Multigenerational exposure



2.9.6. Toxicity test and sampling

2.10. Data analysis

 et al.  et al.



3. Results

3.1. Paper I.
Characterizing the behavior, uptake and toxicity of NM300K silver nanoparticles in

Caenorhabditis elegans
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3.2. Paper II.
In vivo assessment of silver nanoparticle induced reactive oxygen species reveals

tissue specific effects on cellular redox status in the nematode Caenorhabditis elegans

C. elegans

sod-1::gfp

in vivo sod-1

in vivo

E. coli 

sod-1
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Figure 9: Graphical summary of exposure and main results in Paper II.



3.3. Paper III.
Adaptive tolerance to a multigenerational silver nanoparticle (NM300K) exposure by

the nematode Caenorhabditis elegans is associated with increased sensitivity to

AgNO3

vice versa





3.4. Paper IV.
Effects on the nematode Caenorhabditis elegans antioxidant defense and reactive

oxygen species (ROS) metabolism following multigenerational exposure to AgNO3 or

NM300K Ag NPs
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4. Discussion
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4.1. Changes in size distribution in the stock and media
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4.1.2. Size distribution of the Ag in the exposure media
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4.2. Toxicity

4.2.1. F0 toxicity
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4.3. Multigenerational exposure
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4.3.1. Transfer of effects of parental exposure to unexposed offspring
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4.3.2. Toxic response across generations
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4.3.3. Antioxidant defenses and ROS production by the Ag NPs
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5. Limitations of the work
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6. Conclusion
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Errata

1) The section numbering has been updated in the table of contents as it was
incorrect

2)
3) Page 35, section 2.6: The reference to the ISO guidelines 10972 was

corrected to 10872
4) Page 38, section 2.6.1: Figure 5 has been Figure 4
5) Following suggestions by opponent #2 two sentences were added to Paper IV

to refer to the supplementary materials, section 3:
i. Page 6, Section 2.2: For the assessment of potential external

damages, cuts or lesions to the cuticle of the nematodes,
caused by the Ag NPs, nematodes were analyzed using the
scanning electron microscope. For more detail see
supplementary materials, section 3.

ii. Page 8, Section 3.2: Analysis of Ag NP exposed nematodes
revealed no external damages, cuts or lesion of the cuticle of the
nematodes (Figure S4).
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