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Background:

Approach

• Abundance of chemicals in the environment

• Develop and validate reliable in vitro fish methods which can be used as an alternative to animal
intensive in vivo studies. In vitro models of both the liver and gill are readily available in the literature
[refs].

• Regulated by several guidelines (e.g. REACH)
• Large numbers of compounds (>100,000) face regulatory
testing using algae, invertebrates and fish

• However, intestinal models are largely under-represented with the exception of the one available cell line
derived from the distal intestine of rainbow trout [kawano].

• Single tests can use hundreds of fish (eg. OECD 305 [])

• In this research, we develop methodology to isolate enterocytes from all region of the intestine including
the pyloric caeca. This method is more comparable to in vivo testing over alternatives such as the “gut
sac” based on comparable functionality and increased duration of viability (24 hrs versus weeks).

• Fish are also used in biomedical research in the development
and testing of drugs prior to human use
• There is ethical, scientific, economic and regulatory reasons to
reduce and/or replace the animals used in scientific studies
(eg ??-?)

(b)

(a)

Physiological & biochemical characterisation
of the system
Methodology for enterocyte isolation

(d)

(c)

(1) Staining for mucosubstances showed variability between small (<25cm) (a) and big (> 25 cm) fish (b)

• Fish were humanely
sacrificed under
Schedule 1 of the
Animals (Scientific Procedures) act of 1986.
• Carry out dissections on ice
• Keep cleaned tissue on ice until
wash steps

(2) Staining with E-cad and ZO-1 showed co-localisation in attaching
enterocytes (c) similar to in vivo tissue
(3) TEM of attached and confluent enterocytes grown in Transwell
inserts revealed the minimal micro-villi protrusions at 7-9 days in
all intestinal regions (d)

(e)

(4) Analysis of TEER revealed no significant difference
between size or tissue regions or the control cell line
(RTgutGC) (e)

• The process remains the same
irrespective of intestinal region or
size of the fish.

(5) Analysis of CYP450 activity using the EROD
assay [] revealed that B[a]P was a more appropriate
inducer in intestine then β-NF (f)
(f)

(6) Baseline induction of CYP3A activity
measured via the ECOD assay [ref] after a 5 hrs
incubation with 7-hydroxycoumarin (50 µM)
revealed differences between the two size
categories investigated but not between
regions (g)

(g)
Fig 2: Physiological and biochemical
characterisation of the rainbow trout enterocyte
model. Data is representative of culture of the pyloric
caeca region (a-f) although trends observed are
broadly comparable.

*Variable indicates where the
methodology has to be adjusted
for variation in tissue or size of
animal.
*Subtle modifications needed for
the growth of the anterior and mid
versus the pyloric and posterior
which appear more robust to the
cellular isolation procedure.

Summary and future research


Primary culture methodology established for enterocyte isolation and growth
 Duration of 6 - 8 weeks


Complex dietary uptake experiments can undertaken which adhere to the 3Rs.
A preliminary schematic of such an experiment is shown in Fig 3.

Fig 3: Schematic of
timeline for dietary
uptake studies in
Transwell experiments.

• Medium changed every 2 days at
minimum
• Isolated cells become confluent in
7-12 days
• Can be maintained in culture for
6-8 weeks
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Co-culture experiments now possible with other organs (eg. Liver or gill [poster ?])



Provides starting point for adding complexity.
 Eg. Adding muscularis layer (primary culture underway)



Improved methodology (Trout protein, apoptosis inhibitor, additives etc)



Incorporating the microbiome interaction (bacteria in the lumen)

