
 

• 10th May 2017 SETAC Europe 27th Annual Meeting, Brussels 

 

• Workshop: 

• Current trends in fish in vitro toxicology: Applications of 3Rs principles 
 

• Dr Richard Maunder, School of Biological and Marine Science, Plymouth University 
 

Primary culture of rainbow trout liver & gill 



Liver spheroid production 

  

Methods of Dr Matt Baron; 

see Baron et al. (2012) Ecotoxicology 21, 2149-2429. 

 

SoP is available on request 



Liver spheroid production 

In situ perfusion 

liver  

Peristaltic pump 

Collagenase digestion 

Culture media wash 

HBSS blood clearance 

Hepatic portal vein 



Haemocytometer 

count of cells 

Wash hepatocytes 

to purify 

Seed at 1 million 

cells per mL 

3 mL L-15 media +10% FBS per well 

(6 well plate pre-treated with Poly(2-

hydroxyethylmethacrylate)) 

Liver spheroid production 2 

wash, count, plate 



Clean culture 

and renew 

1.5 mL 

media every 

other day 

Day 1 Day 7 

Liver spheroid production 3 

rotate, renew, clean 



Liver spheroid production 3 

rotate, renew, clean 

Hepatocytes/

Spheroids 
Debris to 

remove 



Spheroid metabolism assay 

100 liver spheroids 

Dose chemical 

into spheroid 

media 

Measure loss of 

parent 

compound 

through spheroid 

metabolism 

see Baron et al. (2017) PLoS ONE 12(1): e0168837 



Spheroid characterisation 

see Langan et al. (2015) PLoS ONE 11(2): e0149492 

Spheroids: 

Metabolic activity > S9 fractions / hepatocytes 

Viable for several weeks 



Gill layer production 

Liver 

Blood 



Gill layer production 
Existing, well developed method exists; 

See  Schnell et al. (2016) Nature Protocols 11(3) 490-498 

  http://www.burylabs.co.uk/figcs/ 

 



Cut away  

filaments 

Wash & digest 

epithelial cells 

Haemocytometer 

count of cells 

Gill layer production 



Gill layer production 

1st seed of cells 

Culture media 

“Single Seeded 

Insert” SSI 

Pavement cell 

Incubate 24 h Condition 

insert >2 h 

First seed Wash 



Prepare a 2nd set of epithelial cells 

Cut away 

filaments 

Wash & digest 

epithelial cells 

Haemocytometer 

count of cells 

Gill layer production 



2nd seed of cells 

Gill layer production 

Culture media 

Higher diversity of cell 

types present in DSI 

2nd seed (24 h) 

Incubate further 24 h 

Wash 

“Double Seeded 

Insert” DSI 

Pavement cell 

Chloride cell  

Erythrocyte  

Goblet cell 

“Single Seeded 

Insert” SSI 

Incubate 24 h Condition 

insert >2 h 



Gill layer production 
SEM imaging: 



1st seed Day 4  Day 7 

Day 3 post water addition Day 7 post water addition F Day 16 post water addition 



Gill layer 

Co culture… 

Liver spheroids + 
 

= 
 

Gill layer 

Easy..ish   …for static / short term 
 

Liver spheroids 



Co culture longer term  

Challenges:  

1. The swirling action is blocked by the insert. 

2. Gill cultures only remain viable for ~2 days when exposed to 
water (to match in vivo situation) 

Liver spheroids 

Environmental 

water 

Gill layer 

Physiological medium 



Gill layer 

Liver spheroids 

Solution: Upside-down culture? 

Co culture longer term  

Issues:  

1. The swirling action is blocked by the insert. 

 

 



Co culture longer term 
Issues:  

1. The swirling action is blocked by the insert. 

 

Gill layer 

Liver spheroids 

Solution: Upside-down culture? 

Environmental water 



Co culture longer term  

Issues:  

1.   

2. Gill cultures only remain viable for 2-3 days when exposed 
to water (to match in vivo situation) 

Liver spheroids 

Environmental 

water 

Gill layer 

Physiological medium 

See Poster tomorrow: 

 

‘Investigations to extend viability of a 

rainbow trout primary gill cell culture’  

 

THPC09, Exhibition Hall, Thurs 0830 



Investigate 4 

methodological 

alterations to existing 

protocol: 

1. Membrane material 

2. Gill pre-perfusion 

3. Native serum 

supplementation 

4. Larger inserts 

 



Ongoing / Future work 

• Development and characterisation of single and co-culture models 
to suit specific exposure scenarios 

– Investigate communication between tissue types? 

– Can same fish supply multiple tissues? 

 

• Single and co-culture exposures to various environmental 
contaminants (Pharmaceuticals / metals / PAHs) 

 

• Analytical chemistry support to quantify concentrations in different 
compartments through time 

 

• Development of Gut model for dietary uptake route… 
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