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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



Intestinal absorption study - In vitro / ex vivo / in vivo models
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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.



Interest in the animal model in the lipid bioavailability study
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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%. 

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.

Fields ITERG works in and services we provide
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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 

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, LC-
PUFAs) 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
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