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Definitions
In pharmacology, bioavailability is the fraction of an administered dose of drug
that reaches the systemic circulation, and the rate at which it does this.
In
nutritional
supplements,
bioavailability
generally
refers
to the quantity or fraction of the ingested dose which is absorbed.
In nutritional science, bioavailability refers to the total fraction of
nutrients ingested that the organism assimilates and uses in a targeted manner.
In general, bioavailability is the fraction of a substance that is able to be absorbed in
order to be used in a human being's metabolism.
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Models and techniques used
in intestinal absorption studies
In vitro model: Caco-2 cell culture- Human colorectal carcinoma cells,
with morphological and functional criteria of intestinal cells (= reconstituted
intestinal epithelium). This is a single layer of differentiated cells forming
a semi-permeable membrane, with an apical pole (brush border) and a
basolateral compartment (intestinal absorption of a bioactive component,
different formula or molecular screenings).

Ex vivo model: Methods using everted intestinal sacs
The intestine is removed from the animal then turned inside out to form sacs,
put into a saline environment with the molecules to be studied (transport of
molecules, kinetic parameters).

In vivo model: Lymphatic duct fistulation techique on rats
Surgical procedure (fistulated mesenteric lymphatic duct) on anaesthetised
animal. On awakening, the rate receives the nutrient or food to be tested, via
intubation. The lymph, containing the lipid nutrients (*), is collected in just
one fraction over 24 hours (to determine the absorption rate), or sequentially
every hour for the first six hours (to monitor absorption kinetics).

In vivo model: Plasma bioavailability of a nutrientin the postprandial
period. The rat receives the nutrient or food to be tested, via intubation.
Blood is collected sequentially during the postprandial period (kinetic in
appearance of nutrient in general circulation).

In vivo approach in humans: Intestinal bioavailability in humans can
only be determined by accessing the plasma compartment, analysing its
composition in the postprandial period and comparing it to the composition
of the nutrient or food ingested.

(*) Triglycerides, phospholipids, cholesterol ester, Vit A, D, E, K
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Intestinal absorption study - In vitro / ex vivo / in vivo models

Overall information is the same but qualitative and quantitative data are a lot more accurate in
the in vivo model, allowing more relevant use and better use of results.
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Interest in the animal model in the lipid bioavailability study
The interest raised by understanding the digestive metabolism of lipids has promoted the development
of animal models to palliate the human model. 1998). The method of choice for studying the absorption
of lipid nutrients in vivo and their lymphatic transport involves carrying out a lymphatic duct fistulation
(Bollman et al. 1948; Combe et al. 1981; Boyd et al. 2004). The interest in this experience on animal models
lies in being able to monitor the quantity of nutrient absorbed through the intestinal barrier without the
intervention of hepatic metabolism. Such information cannot be obtained in studies on humans. The rat
model (Porter et al. 1996) is largely used to estimate intestinal absorption of lipid nutrients in humans,
due to the similarities in the digestive processes (Kararlit 1995). Notably, the gastrointestinal pH and
the enzyme systems observed in rats are similar to those observed in humans (Moreau et al. 1988).
Studies on the absorption of lipids using lymph collection from the thoracic duct are based on the fact
that the lipids analysed in the lymph are representative of the lipids ingested (Chemenko et al. 1989;
Christensen et al.1995; Degrace et al. 1996). The lipid absorption rates are determined by reference to a
lipid that is 'exogenous' (tripalmitin), characterised by a lymph flow rate of 100%.

Fields ITERG works in and services we provide
We specialise in bioavailabiity of lipid nutrients, and much more....
One of ITERG's missions is to develop and offer the agro-food and pharmaceutical industry our
unique knowledge on evaluating galenic formulations (with lipid carriers of active molecules) and the
bioavailability and functionality of feed formulations that are innovative and rich in lipid nutrients.
We develop study methods which take into account potential interactions of lipid nutrients with other
components of the food matrix (particularly proteins, vitamins, anti-oxidants, etc.), while integrating
the influence of physiological factors (the possibility of conducting studies on young, old, male, female
animal models) or 'pathological' factors (an animal model with metabolic disorders such as obesity,
inflammation, etc.).
These studies allow us to determine:
- intestinal absorption of nutrients and lipid micronutrients based on their contribution and the
pathophysiology of the model.
- the metabolic fate of the molecule of interest in the blood and target tissues
In addition to these studies, a study may also be carried out on the digestibility of formulas (in vitro
lipolysis).

Markets targeted: Food ingredients, clinical and specialised nutrition, food supplements, galenic
formulations, etc.
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Examples of studies offered by ITERG
an animal models (rats)
Gastrointestinal assessment in lipids and proteins, based on the formula ingested
Study on an animal model (rat) in a metabolic cage - Analysis of the ingested component, analysis
of the excreted component

Aim: To determine the portion that is digestible for the organism, based on the formula and the matrix.

Bioavailability studies in the postprandial phase
- Determining the lymphatic concentration of fatty acids (Saturated fats, MUFAs, PUFAs, LCPUFAs) and liposoluble vitamins based on the formulation ingested - study on absorption kinetics and
absorption rate.
- Determining the plasma concentration of nutrients provided by different formulations - study
on the kinetics of appearance in the blood
•
Fatty acids
•
Amino acids
•
Liposoluble vitamins (vitamins A, D, E), hydrosoluble vitamins (B1, B2, B6, biotine (B8), folic
acid (B9) and B12)
•
Minerals (calcium, magnesium, sodium, potassium, iron, zinc, copper and iodine).

Aim: To determine the influence of the composition of the feed formulation on the flow rate of
nutrients - Quantity, quality and kinetics

Nutritional studies - metabolic fate study
- Study on plasma, red blood cell and tissue enrichment (liver, brain, adipose tissue, etc.) in fatty
acids of interest after x weeks of experimental regimes containing lipid formulations to be tested.


Aim: To determine the influence of the formulation on the bioavailability of fatty acids

- Study on the hepatic metabolism of lipids
Study on the hepatic metabolism of lipids, for a period of x weeks of experimental regimes
containing lipid formulations to be tested: characterisation of lipids and enzymes involved in the
metabolism of lipids (Desaturases, etc.) and cholesterol (plasma profile in lipoproteins (HDL-C,
LDL-C et VLDL-C); activity of enzymes LCAT, CETP)

Aim: To determine the influence of the formulation to be tested on the hepatic metabolism of
lipids and cholesterol
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Matrice lipidique et biodisponibilité de l’acide-alpha linolénique ; L. Couëdelo, A. Termon, C.
Vaysse - OCL, 2017

•
Soybean polar lipids differently impact adipose tissue inflammation and the endotoxin
transporters LBP and sCD14 in flaxseed vs palm oil-rich diets - Lecomte M, Couëdelo M, Meugnier E,
Loizon E, Plaisancié P, Durand A, Géloën A, Joffre F, Vaysse C, Michalski MC, Laugerette F - Journal of
Nutritional Biochemistry, vol.43, mai 2017, p. 116-124
•
Dietary emulsifiers from milk and soybean differently impact adiposity and inflammation in
association with modulation of colonic goblet cells in high-fat fed mice - M. Lecomte, L. Couëdelo, E.
Meugnier, P. Plaisancie, M. Letisse, B. Benoit, L. Gabert, A. Penhoat, A. Durand, G. Pineau, F. Joffre, A.
Geloen, C. Vaysse, F. Laugerette, M-C Michalski - Molecular Nutrition and Food Research, 2016, vol. 60, p.
609-620
•
Slowing down fat digestion and absorption by oxadiazolone inhibitor targeting selectively gastric
lipolysis, V. Point, A. Bénarouche, J. Zarrillo, A. Guy, R. Magnez, L. Fonseca, B. Raux, J. Leclaire, G. Buono,
F. Fotiadu, T. Durand - F. Carrière, C. Vaysse, L. Couëdelo, JF. Cavalier - European journal of Medicinal
Chemistry, vol. 123, 2016, p. 834-848
•
Impact of various emulsifiers on ALA bioavailability and chylomicron synthesis through changes
in gastrointestinal lipolysis - L. COUEDELO, S. AMARA, M. LECOMTE, E. MEUNIER, J. MONTEIL, L.
FONSECA, G. PINEAU, M. CANSELL, F. CARRIERE, M.C MICHALSKI, C. VAYSSE - Food & Function,
mars 2015
•
Safety and Tolerance Evaluation of Milk Fat Globule Membrane-Enriched Infant Formulas: A
Randomized Controlled Multicenter Non-Inferiority Trial in Healthy Term Infants - C.BILLEAUD,
G.PUCCIO, E.SALIBA, B.GUILLOIS, C.VAYSSE, S.PECQUET, P.STEENHOUT - Clinical Medicine
Insights. Pediatrics. vol. 8, 2014, p. 51-60
•
Influence de la nature de l’émulsifiant de l’huile de lin de lin émulsionnée sur la biodisponibilité
intestinale des lipides – approche in vivo-in vitro - L. COUEDELO, F. CARRIERE, M. CANSELL,
MICHALSKI M.C., VAYSSE C., - Nutrition clinique et métabolisme, vol. 27, 2013, p. S90
•
Incorporation de l’acide alpha-linolénique dans les lipides circulants et les tissus adipeux chez le
rat : influence de la forme d’administration de l’huile de lin - M. CANSELL, L. COUEDELO, B. BUAUD,
A. GELOEN, P. SAUVANT, C. VAYSSE, C. ATGIE - Nutrition clinique et métabolisme, 2013, vol. 27, p. S90
•
The Fraction of α-Linolenic Acid Present in the sn-2 Position of Structured Triacylglycerols
Decreases in Lymph Chylomicrons and Plasma Triacylglycerols during the Course of Lipid Absorption
in Rats - COUEDELO L., VAYSSE C., VAIQUE E., GUY A., GOSSE I., DURAND T., PINET S., CANSELL
M., COMBE N. - J Nutr. 2012 Jan;142(1):70-5
•
Lymphatic absorption of α-linolenic acid in rats fed flaxseed oil-based emulsion. L. COUEDELO, C. BOUE-VAYSSE, L. FONSECA, E MONTESINOS, S. DJOUKITCH, N. COMBE, M.
CANSELL - Br J Nutr. 2011 certification. VOL.105, n°7, p.1026-35.
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