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Primary culture of rainbow trout liver & gill
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« Current trends in fish in vitro toxicology: Applications of 3Rs principles
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Methods of Dr Matt Baron;
see Baron et al. (2012) Ecotoxicology 21, 2149-2429.

Ecotoxicology (2012) 21:2419-2429
DOI 10.1007/s10646-012-0965-5

TECHNICAL NOTE

Towards a more representative in vitro method for fish
ecotoxicology: morphological and biochemical characterisation
of three-dimensional spheroidal hepatocytes

Matthew G. Baron - Wendy M. Purcell -
Simon K. Jackson * Stewart F. Owen *
Awadhesh N. Jha

Accepted: 8 June 2012/ Published online: 26 June 2012
© Springer Science+Business Media, LLC 2012

SoP is available on request
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Liver spheroid production
In situ perfusion

Collagenase digestion

WITH Culture media wash
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Peristaltic pump



Seed at 1 million

cells per mL

Haemocytometer

count of cells

Wash hepatocytes

to purify

)
005 286 ©0% 00¢ %0
0008 0009%% 0 o0 000 0000
00920020 0%%° ©0°0757 ©

[e) 00 09 o
0020000 00 ®% ¢ 00 °g0
0 % 000 0900090 000
oo 09570 oo ©
002 0095 @ 0090700

0900 0098 ¢

3 mL L-15 media +10% FBS per well
(6 well plate pre-treated with Poly(2-

hydroxyethylmethacrylate))

WITH
PLYMOUTH
UNIVERSITY



Clean culture
and renew
1.5mL
media every
other day
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Liver spheroid production 3
rotate, renew, clean
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see Baron et al. (2017) PLoS ONE 12(1): e0168837
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RESEARCH ARTICLE

Pharmaceutical Metabolism in Fish: Using a 3-
D Hepatic /n Vitro Model to Assess Clearance

Matthew G. Baron'?, Kate S. Mintram'?, Stewart F. Owen?*, Malcolm J. Hetheridge?, A.
John Moody', Wendy M. Purcell®, Simon K. Jackson®, Awadhesh N. Jha'*

1 School of Biological Science, Plymouth University, Devon, United Kingdom, 2 AstraZeneca, Alderley Park,
Macclesfield, Cheshire, United Kingdom, 3 School of Biomedical & Healthcare Science, Plymouth University,
Devon, United Kingdom

* Stewart. Owen @ AstraZeneca.com (SFO); a.jha@plymouth.ac.uk (ANJ)
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Ghactcio Abstract
updates
’ At high internal doses, phamaceuticals have the potential for inducing biological/phamaco-

WITH T ™™= oo e oo oo em i
PLYMOUTH
UNIVERSITY



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

Spheroids:
Metabolic activity > S9 fractions / hepatocytes
Viable for several weeks
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Excretion

Measure

: Environmental 4 rates back

uptake from e | i across gills

water into q&& . water § into water

gill cells NG

Measure transfer Sphero'id

from gill cells to metabolism
d media and uptake and

manufacture

to spheroids
of metabolites

WITH
PLYMOUTH
UNIVERSITY



Existing, well developed method exists;
See Schnell et al. (2016) Nature Protocols 11(3) 490-498
http://www.burylabs.co.uk/figcs/

FIGCS - Fish Gill Cell Culture System
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Procedures for
and experimen

Sabine Schnell'6, Lucy C Stott!:6
Stewart F Owen® & Nic R Bury!

IDivision of Diabetes and Nutritional Sciences,
Zoology, University of British Columbia, Vancot
Joint Research Centre, Institute of Environment
Cheshire, UK. “These authors contributed equall
acuk) or N.R.B. (nic bury@kcl.ac.uk).

Published online 11 February 2016; doi:10.1038

This protocol describes how to reconst
supports within cell culture inserts. T
monitoring and preparation for use in
seeding of isolated gill cells twice ove
technique. Approximately 5-12 d afte

The Fish Gill Cell Culture System
(FIGCS) is a surrogate of the fish gill

Browse all publications by

Fish Gill Cell Culture System (FiGCCS) topi
. opic

ghts reserved.

withstand freshwater on the apical ce
alternative for toxicity testing, bioacc
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and been used as an in vitro tool to | ,‘
assess the uptake of chemicals from
the water into the fish (Stott et al 2015).
It may thus be of interest to industrial,
pharmaceutical and governmental
entities as a screen to assess the
potential for chemicals to be taken up
by fish as part of an environmental risk
assessment.

How the Fish Gill Cell
Culture System Works

The Benefits of the Fish Gill Cell Culture System include:

= Alternative, cheap and effective way of carrying out aquatic toxicology, physiology and endocrinology

= Fulfils obligations of the NC3r's - replace, reduce, refine the use of animals for scientific purposes

= FEliminates need to keep large stocks of live fish for tes

= Gill Cell Cultures from the gills of 2 fish effectively replaces 40-72 live fish using traditional testing methods

= Humane method - Using fish gill cell tissue means that no live fish are actually tested upon - lesser administrative

burden on testing labs
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Cut away
filaments

Wash & digest Haemocytometer
epithelial cells count of cells
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O pavement cell

Culture media

First Is.eed Wasih
Condition
insert >2 h
WITH “Single Seeded
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Cut away

Wash & digest
epithelial cells

Haemocytometer
count of cells
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Higher diversity of cell
types present in DSI

O pavement cell
() Chloride cell

& Erythrocyte Culture media
@ Goblet cell

2"d seed (24 h) Wash

Condition
insert >2 h

‘IQII.QHOUTH “Single Seeded “Double Seeded

UNIVERSITY Insert” SSI Insert” DSI
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Gill layer Gill layer

Liver spheroids

Liver spheroids

Easy..ish ...for static / short term
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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)

Environmental

water

Gill layer

Physiological medium

Liver spheroids
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Co culture longer term

Issues:
1. The swirling action is blocked by the insert.

Solution: Upside-down culture?
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Issues:
1. The swirling action is blocked by the insert.

Solution: Upside-down culture?

Gill layer

Environmental water

Liver spheroids
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Issues:
1.

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

See Poster tomorrow:

‘Investigations to extend viability of a
rainbow trout primary qill cell culture’

Environmental

water

Gill layer
THPCO09, Exhibition Hall, Thurs 0830

Physiological medium

Liver spheroids
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Investigate 4

methodological

alterations to existing

protocol:

1. Membrane material

2. Gill pre-perfusion

3. Native serum
supplementation

4. Larger inserts
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Investigations to extend viability of a rainbow trout

prlmary gill cell culture

Richard Maunder?*, Matthew Baron?,
Stewart Owen?, Awadhesh Jha*
*5choal of Biologicai Scences, Flymouth Universiy. H}mnmw
¥ SKID4TG
EI‘

Introduction in fine the 3Rs, our work imvolves the development and validstion of novel, neiable i
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AstraZeneca

wvitro fish metheds as an attemative to in

Using primary tissues, we have already developed a method of creation and testing of in vitro hepatic spheroids? and aim to combine
these with an existing primary gill model™ to creste o functional co-oulture that is better able to predice in wivo uptake and metsbolizm of
cortaminants. Such 2 model would Reduce the number of fish used in existing tests and Refine the method of expesure to test chemcials. In modelling
the in wvo exposure scenario, the gl culture cn alresdy tolerate the replacement of apical media with water, but currenthy anly for =2 days. kit would

be extremely useful for 2 variety of applctions if this durstion could be extended.

s e

THA

The aim of the current study
was therefore to imvestigste the effect of

different culture methods on the gill model
viability and to maximise it Fespan and
funcsionslity sfer apical water sddition

transparent, collsgen type 1 and Reinnervate Ahvetex inserts all
failed to establish TEER sbove background after 10 days of growth.
Microscopy revealed few cells had sttached to these membranes.

L Gill pre-perfusion

The TEER values for the 4 combinations of
preparation techniques for the double seedings
are shown opposite. No sig. diff. in TEER betwesen
the trestments through time were obzerved. This
data does nat indude a water addition stage.

We companed sutologous fresh trout szrum (T5) ageinst
FBS in & szries of 6 separste runs between Feb and Sept
2015, using a total of 13 biological replicates, esch
cultured im 3 - 6 wells. The TEER duta i disployed on right;
cultures receiving the TS media showed & significant
increase i TEER comparesd to those receiving FBS media
from Day 5 - 7. Immexdistely PWA, mean TEER of both
culture types rmpidly incressed snd then declined firly
consistenthy over the following 2 wis. Interestingly, the
FBS cuttures maintnincd o significanthy higher TEER than
the T5 on Darys 10 - 12. In s smaller experiment we also
compared fresh sutologous [motive] T5 to  mixed T5
batch that was stored frozen until use. There appears to
b= a slight benefit in using fresh s=rum over batch-frozen
serum [opposite] but both types support cell culture.

4. Membrane area. We compared the effect of ares

on culture charscteristics using up to 10 biclogical

replicates, sach replicated in 3 - 6 wells. One way to
analyse this dats (left)
s to compare the number of days that individual cultures remained
vinble [TEER =5 KO cm?}* PWA. All 3 formats produced cultures that
Iasted for at least 12 days, but there was a significant increase in mean
duration for 4.7 em®above 0.9 cm” and 0.9 cm?® above 0.3 om? formats,

FRight- SEM imaging of
typical DS cufture
surfsce structurs and
morpholagy from &.2
l:m‘ lls:rti.u—f

1. Membrane material;
Standznd, HID
Falcon/Collagen/

3D structune

2. Ventral aorta
pre-perfusion
of gill to dear
blood prior to
icell harvest

3, Replacement
of FB5S with heat
imactivated

e n—
serum

¥ 8 Use ofinserts with
different membrane
areas seeded at the
same seeding ratic
foetsfom?®)

Discussion

(1) Despite the wide range of use of these membrane types in cel
culture from other species, the uze for gill cells proved unsucoessful
im improving culture characteristics.

[2] Mo differences in culture TEER following pre-perfusion of gill
were found, but we do consider the perfusion method to add valud
to this model in terms of reduced preparstion time and reduced
materials cost.

(3] The TS supplemented cultures attained 2 higher TEER than the
FB5 cultures during early establishment. However, the key finding
im this experiment was that both cubture types maintined 3 mes
TEER »5 KO o for 12 days PWA. This iz longer than the previoush
reported values of up to 48 hiS. While we do not have
satisfactory explanztion for wiy this is, the methodology
does have soope for subtie differences in fish husbandry)
cell harvest and culture. We have also conducted SEM
investigations into culture surface structure.
[4) A working theory a= to the improvements ohse;
in culture longevity was that the krger cell numbe
supported by the 4.2 o inserts created 3 culture tha

mru:inomm{umn;upulussr..mm. ump-mt 1% see [a],
confusent layer 241 post 2* see 5] and clesrty defines e
junctions and range of surface microridge morpholagy at 7 deys
). AL 2 chays F¥tis. culture cispleys brosd range of surface
mrerphalkagy snd structures {d). At 10 deys PWA with 8 high TEER
mraintained, ceil junction definition and surfece migoAcges an:
ot FEduC=d Dut other surface morphology has developed (=] At
48 deys surfoce layer shows dear degracation and loss of viatility
{#]. Hisher magnifiction of surfce morphelogias [g: megnified
region from {d] and different example (h] of suspected MR
Calls with finger-like apical microridge projections. An
apical crypt-flos structure [i; maznitied from o).

waz better able to support 2 high TEER. This was nof
fully supported by the dats which showed all insert size
supparted cultunes for up to 12 days, but that the lage
inserts did so more often. i remains undear iF this i
due to 3 methodology difference or an underlying
difference in culture characteristics.

Rferences:

[1] Earee et of, {30L3). Feoton, 21, 24102439, [X] Fleacher o1 ol
[3000]. & Exp. Siod. 308, 15331637 [3] Bury et al. [3034) £ Exn.
Biel 17, E30-550. [4] Wood eral [2000). Blechin Sivphys. Acta
1568 T2~ 53. [5] Schmell ¢ ol [(2015] Nat Pretoc. 11 850450




« 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 dlfferent
compartments through time

« Development of Gut model for dietary uptake route...

WITH
PLYMOUTH
UNIVERSITY




Project team and staff
at Plymouth Universit

Project funding:

RESEARCH BBS RC A

H.Q-HOUTH blosaence for the future AstraZeneca Z

UNIVERSITY




