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INTRODUCTION 
 

This conference was exposed by Drs. Anna Tesouro and Cristina Latasa at the Biovet 

International Symposium, held from October 27 to 31 in Córdoba (Spain). This study presents 

the mechanism of action of pronutrients, a new technology researched by Biovet S.A. This are 

molecules of botanical origin that aim to reduce the use of chemical additives, improving the 

physiology of animals and maintaining production parameters. 

PRONUTRIENTS 
Introduction: 

The present study gives us a description of pronutrients, their mechanism of action as well as  

in vitro studies carried out by Biovet to demonstrate their effects. Some techniques of 

molecular biology and cell cultures have demostrated the beneficial effect of pronutrients on 

the replication of different target cells . 

Definition:  

Gordon Rosen defined the concept of pronutriente, already in 1950, as a "micro-ingredient 

included in feed in relatively small quantities whose mission is to improve animal physiology 

and intrinsic nutritional value and avoid the presence of pathogens." 

 

Pronutrients are complex organic molecules derived from plant extracts that are able to 

stimulate gene expression and regulate physiology without having pharmacological effect. It 

also leaves no residue, nor does it require a period of suppression. 

 

Its application improves animal physiology and has a positive impact on management and 

economic parameters. 

Vegetal-animal cells relation:  

 



 

SHIKIMIC ACID:  

Shikimic Acid is exclusive of plants, leads to the synthesis of the key aromatic amino acids 

phenylalanine and tryptophan (essential aminoacids).  

The final product of shikimate pathway is chorismate, precursor of different biosynthetic 

pathways of aromatic metabolites as lignin, flavonoids, alkaloids, quinones or folates. 

Pronutrients are different shikimic acid derivatives, which have a particularly important role 

in animal’s physiology. 

 

 

 

Obtainment of pronutrients 

 



 

PHYSIOLOGICAL MECHANISM 

 

✓ Not all the genetic information is read: need of an external stimulus. 

✓ Pronutrients in feed can improve physiology by increasing gene expression 

 

IN VITRO STUDIES 
 

1) SUnset technique for elucidating the pronutrient mechanism of action :  

A non-isotopic technique known as SUnSET was applied in order to measure the effect of 

pronutrients on mRNA-protein translation rates. It isb ased on the use of Puromycin: 

Structural analogue of tyrosyl-tRNA, incorporated into nascent proteins through a non-

hydrolizable peptidic bond.  



 

Puromycin binding results in the termination of peptide elongation, and leads to the release of 

the truncated puromycin bound peptide from the ribosome.  Thus, measurement of 

puromycin, via an anti-puromycin antibody (western blot-ELISA) can be correlated with mRNA-

protein translation rate. 

 

According to the target cells of the pronutrient tested we developed different in vitro models: 

 Enterocytes IPEC-J2  

Cell culture method: 

The IPEC-J2 cells are cultured in DMEM/F-12 mix (Dulbecco’s Modified Eagle Medium, 

Ham’s F-12 mixture) and supplemented with HEPES, fetal bovine serum (FBS) or porcine 

serum (PS), insulin/transferrin/selenium (ITS), penicillin/streptomycin and cultivated in a 

humid environment at 37 °C with 5 % CO2. Medium was changed every two days and 

passages were performed every 4-5 days. 

 

  



 Hepatocytes 

Cell culture method: 

Dulbecco’s modified Eagle medium: mix of F-12 nutrients (Ham) (1:1) with GlutaMAX™-I 

(DMEM/F12) supplemented with fetal bovine serum 20%. Humidified atmosphere with 5% 

CO2 at 37°C.Passages until a cellular density of 2×105/ml with 5 ml of fresh medium, in 25 

cm2 culture plates, every 4 days. 

 

 Alveolar macrophages 3D4/2 

Cell culture method: 

Dulbecco’s modified Eagle medium: mixture of nutrients F-12 (Ham) (1:1) with 

GlutaMAXTM-1 (DMEM/f12) supplemented with 20% of bovine fetal serum. Humidified 

atmosphere with 5% CO2 at 37ºC. For amplification, passages were done until reaching a 

cellular density of 2x105 ml with 5 ml of fresh medium on culture plates of 25 cm2, every 4 

days. 

  

General procedure: 

• The assays were performed in 12-well plates, where 1.2×105 cells/ml were added in a 

2ml volume per well. 

•  After four days of cultures, confluence was reached and  culture medium were 

substituted and supplemented with pronutrients following the scheme described 

below: 



 

 

 

 

• Upon applying treatments, cells were recovered and crude protein extracts were 

obtained 

• Protein concentration was measured and equal sample amounts were separated by 

SDS PAGE.  After electrophoresis, proteins were transferred into a nitrocellulose 

membrane and immune blot assays were performed using Kerafast Anti-puromycin 

[3RH11] antibody as primary antibody and an anti-mouse HRP labelled secondary 

antibody. 

 

ALQUERNAT NEBSUI 

    

• Puromycin            -         +           +        +             +  

• Cicloheximide        -         +           -         -              - 

• Pronutrients          -          -           -       1:1000    1:10.000   

Puromycin           -   +  +  +  +          

Cycloheximide    -   -  +   -   - 

Alq. Nebsui         -   -   -  1/10
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ALQUERNAT IMMUPLUS 

 

 

ALQUERNAT LIVOL 
   

 

 

 

 

 

 

 

 A  B  C  D 

TREATMENT 

 A: No treatment (negative control) 

 B: Puromycin (detector of protein synthesis) 

 C: Puromycin + AFB1 (hepatotoxic effect) 

 D: Puromycin + AFB1 + Alquernat Livol 

(hepatoregenerator)  



 

 

 

 

 

2) CHARACTERIZATION OF TISSUE-SPECIFIC PROTEINS INDUCED BY NEBSUI  

As a step forward in the characterization of the mechanisms underlying pronutrient 

effects, we decided to analyze what proteins have increased expression in IPECJ2 treated 

cells. To do so, total RNA from untreated and Nebsui-treated IECs was obtained and a 

differential expression analysis was performed via RNA-seq and subsequent bioinformatic 

analysis.  

Cell culture and treatments: 

 

RNA extraction, library construction and RNA seq: 

 

 



 

 

 

 

 

Bioinformatic analysis: 

 

Procedure: 

• The assay was performed in six 6-well plates, where 1.2×105 cels/ml were added in a 

3ml volume per well. 

•  After four days of growth, confluence was reached and culture medium was 

substituted and supplemented with Nebsui (1:10.000) in three plates, while the other 

three were used as untreated negative controls  

• After 60 minutes of exposure to Nebsui, medium was removed and RNA was directly 

extracted using a trizol-column mixed protocol.   

 

3) Intestinal permeability 

• A critical function of the intestinal epithelium is to form a barrier that prevents 

permeation of pro-inflammatory molecules, such as pathogens, toxins, and antigens, 

from the luminal environment into the mucosal tissues and circulatory system 

• Epithelial tight junctions (TJs) are the key structures regulating paracellular trafficking 

of macromolecules.  

Integrity of RNA samples was verified in 
NON-denaturing agarose gels and also via 
Bioanalyzer. The 6 samples showing best 
integrity and pureness scores were 
chosen for whole transcriptome library 
construction  



• Disruption of the intestinal TJ barrier induces a perturbation of the mucosal immune 

system and inflammation. 

 

Procedure: 

• Cells were seeded in Transwell inserts, with a collagen-coated membrane, a pore size 

of 0.4 micr. and membrane diameter of 6.5 mm (Corning, NY, USA), at a density of 

5.105/mL and cultured for 21 days until reaching confluence. Every three days, cell 

medium was refreshed.  

• Monolayers were treated with Nebsui 1:10000 for 90 min and then passage of FITC 

from apical (1mg/ml) to basolateral medium was measured 

Results: 

Nebsui pre-treatment of polarized epithelial intestinal cells reduces paracellular permeability  

 

Conclusions: 



 Alquernat Nebsui, pronutrient developed by Bivoet S.A., reinforces the integrity of 

intestinal barrier and thus protects animals against enteric pathogens, food antigens, 

and physiochemical stresses caused by digestive and microbial products, improving 

animal health status and productive parameters. 

GENERAL CONCLUSIONS 
 

1. Pronutrients induce the mRNA-protein translation rates in the target cells for each 

product studied. 

2. A higher mRNA-protein translation rate correlates with an increased production of 

tissue-specific proteins and thus a better performance of the target organ.  

3. This improvement at physiology level leads to better productive yields due to: 

• Better conversion rates 

• Lower mortality 

FURTHER RESEARCH SCHEDULED 
 

Research is one of the most important bases of the business mission of Biovet. 

As a next step in the characterization of the mechanisms underlying the effects of 

pronutrients, Biovet is executing differential expression analysis through RNA-seq and the 

subsequent bioinformatic evaluation to determine the genes involved in the improvement of 

physiology achieved.  

Studies are also underway to determine the metabolic file of Alquernat Nebsui, to 

quantitatively define the amount of nutrients that can be reduced in the diet in function of the 

greater absorption guaranteed by the product. 

All these investigations are aligned with the overall goal of Biovet to improve production 

efficiency through the application of pronutrient technology. 


