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In vitro digestion models: why ?

Useful tools for studying:

Digestibility
The fraction of a substance that is mechanically and chemically
degraded into smaller components

Bio-accessibility
The fraction of a substance that is available for digestion and
intestinal absorption

Bio-availability
The quantity or fraction of the ingested substance that has
reached the systemic circulation or target organ

of foods without, or before,
performing animal and human studies
(cost and ethical constraints)

To establish In vitro-in vivo
correlations




In vitro digestion models: domains of application

Food &
Function (2014)5(6):1113-1124.
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In vitro digestion models are based on data collected
during studies of test meal digestion in humans

Quantitative studies of digestive lipase secretion
and contribution to the lipolysis of dietary triglycerides

Carriére et al. Gastroenterology (1993) 105:876-888
Carriére et al. Am. J. Physiol. (2001) 281:G16-G28
Carriére et al. Clin. Gastroenterol. Hepatol. (2005) 3:28-38 Gastric tube
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In vitro digestion models are based on data collected
during studies of test meal digestion in humans
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In vitro digestion models: various types

Dynamic vs. Static

« Simple static
(ex: pH stat)

* Gastric models

* Two compartmental

(ex: two-step static model with gastric and
intestinal phases)

« Multi compartmental
(ex: oral, gastric, intestinal and colonic phases)




Dynamic in vitro digestion models

TIM gastro-small intestinal model (TNO)

filter to remove
mixed micelles

Slide kindly provided by Mans Minekus, TNO



The in vitro model chosen by the LFCS consortium:
One-step static / intestinal digestion using a pHstat
equipement

pH-stat meter
controller

pH measurement

Continuous
titration
of the fatty acids
released upon

Stirrer

LBF lipolysis

Extent of
digestion

calculated from Autoburette
rate of NaOH v
addition

Williams et al. J. Pharm. Sci. (2012) 101(9):3360-3380
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In vitro simulation of gastrointestinal lipolysis
using a two-step static in vitro digestion model
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Carriere et al. Am. J. Physiol. (2001) 281:G16-G28
Capolino et al., Food Digestion (2011) 2:43-51

Quantitative analysis of lipolysis products
by TLC-FID
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In vitro simulation of gastrointestinal lipolysis
using a two-step static in vitro digestion model
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In vitro — In vivo correlations
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Couédelo et al. Food & Function (2015) 6:1726-1735



Sources of enzymes for in vitro digestion

« Human gastric and pancreatic juices

Carriere et al. Gastroenterology (2000) 119:949-960
 Native lipases (HGL, HPL) purified from human gastric and pancreatic juices
Carriere et al. Gastroenterology (2000) 119:949-960

* Recombinant human lipases

rHPL in insect cells (Thirstrup et al. FEBS Letters (1993) 327:79-84)
rHPL in Pichia pastoris (Belle et al. Biochemistry (2007) 46:2205-2214)

rHGL in yeast (Bodmer et al. BBA (1981) 909:231-244)
rHGL in insect cells (Canaan et al. Protein Expression & Purification (1998) 14:23-30



1000

~
n
o

500

Specific activity (U/mg)
)

[ 4
-
>
»
.
r -
>
>
&
=

Sources of enzymes for in vitro digestion

Production of recombinant dog gastric lipase (r-DGL)
in transgenic corn (Meristem Therapeutics)




Sources of enzymes for in vitro digestion

* Native enzymes from animal sources

Capolino et al., Food Digestion (2011) 2:43-51

Porcine pancreatic extracts




Lipase activity
(U/g of fresh tissue)

Sources of enzymes for in vitro digestion

* Native enzymes from animal sources

Capolino et al., Food Digestion (2011) 2:43-51

Rabbit gastric extracts

45 = [#=] Gastric lipase

35 == (W8] Ppepsin
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