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3R principle – Replacement | Need for full organism models

Sources: Hardin Lab (C. elegans), Sanjay Acharya (D. melanogaster), HSCI (D. rerio)

Planarians

Full organism model

Regeneration & development
Different types of toxicity

 All-round toxicological model



Planarians | High regenerative capacity
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Skin irritation | Mucus production

SiO2NP-exposed



Skin irritation | Mucus production
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Developmental toxicity | Tissue growth & SC dynamics 

Heads Tails
0.0

0.5

1.0

1.5
Control
PS-NPCs

R
el

at
iv

e 
bl

as
te

m
a 

si
ze

*
*

In-depth 
mechanism of action

SC dynamics

250 µm

Control AgNP-exposed

N
um

be
r o

f S
C

SC
 p

ro
lif

er
at

io
n

Leynen et al. 2019 (Nanotoxicology)

&



Toxicological assays

Genotoxicity

Skin irritation 1 2

34

Developmental toxicity

Neurotoxicity3

Neurodevelopmental 
toxicity



Neuro(developmental) toxicity | Behaviour & CNS 
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In-depth mechanism of action:
- Specific nerve structures
- Underlying SC dynamics
- Underlying redox dynamics
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Quantification
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Neuro(developmental) toxicity | Specific neur(on)al cells
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Genotoxicity | DNA damage

Collins et al. 2023 (Nature protocols)



Genotoxicity | Stem cell proliferation patterns

NC GTX nGTX

SC proliferation
pattern: 1d vs 3d

Stevens et al. 2017 (Scientific reports)
Patent granted: WO2016/146620
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Conclusion

Planarians

• allow full organism in vivo toxicological studies

• for the assessment of developmental, neuro- and 
genotoxicity

• in a high-throughput setting

 Planarians are an all-round toxicological model
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Genotoxicity | Workflow assay

Stevens et al. 2017 (Scientific reports)
Patent granted: WO2016/146620
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