USE OF TANNIN RICH PLANTS FOR THE CONTROL OF GASTROINTESTINAL NEMATODES IN SMALL RUMINANTS IN ORGANIC FARMING SYSTEMS.
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Gastrointestinal nematodes represent one of the main threat associated with the use of pastures by grazing small ruminants. In organic farming systems, the use of chemical treatments to control these parasitic diseases  remain  strictly limited. There is thus a need  to explore novel, alternative approaches  to complement or replace the action of chemical anthelmintics. This seek for novel solutions is also widely required in other farming systems, because of  the widespread diffusion of anthelmintic (AH) resistance within worm populations  and because of  the  increasing concern of consumers on drug residues in animal products.

The use of bioactive plants with AH properties represents one promising novel approaches to chemotherapy which is currently explored. Because this option relates on the use of natural resources, it is fully acceptable in organic farming systems. Up to now, most results have been acquired on forages, as  illustrated by in vitro or in vivo data acquired in sheep, goat and deers. In most cases, condensed tannins (CT) have been described as being the biochemical compounds explaining the AH properties.  However, tannin rich woody plants represents also potential valuable resources whose AH properties need to be measured. In addition, an efficient use of such bioactive plants and /or their active compounds in farm conditions implies that the mode of action against the nematodes began to be analysed.  

The first objective of the current paper aimed at summarising the results obtained from in vitro assays, to assess  the AH effects of 7 bushes or trees which composed the vegetation of rangelands and are consumed by goats and occasionally by sheep. The second objective was to examine whether  some monomeric units of flavan 3ols, which are basic units of CT,  might  interfere with the early  process of the parasitic life of gastrointestinal nematodes, i.e. the exsheathment of the third-stage, infective larvae (L3). Two nematode species were used for models: Haemonchus contortus and Trichostrongylus colubriformis. 
 
Materials and Methods
Plant extracts 
The plant species were chosen because of their relative content in tannins. Extracts of 4 woody trees were obtained, i.e. hazel nut tree, oak tree, chestnut tree and pine tree, as well as extracts of 3 bushes: brambles;  one heather species and one legume (genista = Sarothamnus scoparius). The extracts were obtained from the whole plants for heather and genista; from leaves for pine tree, oak tree, brambles  and hazel nut tree and from the external tegument of fruits for chestnuts, all plants  being consumed by goats in situation of rangeland browsing. Rye grass extracts were included in the assay as a negative control, in order to assess any consequences due the preparation. For extraction, 10 grams of each plant material were reduced to powder, extracted by maceration in 100 ml of 30 % ethanol in water at  60°C for 2 h . The filtrate was concentrated under low pressure at 40°C, frozen  and lyophilized for 24 h to obtain dry ground samples which were used in the biological assay (Barrau et al, 2005). The tannin contents of the extracts were measured according to the method of the European Pharmacopea (2001). 

Larval Migration Inhibition Assay 
The 7 freeze-dried extracts were dissolved in distilled water and their anthelmintic effects were measured on the L3 and adult worms of the 2 nematode species, according to the larval migration assay (Rabel et al., 1994) and an assay on adult motility (Paolini et al, 2004)  The concentration of plant extracts solution used for incubation ranged from 150 to 1200 μg/ml.

Larval artificial exsheathment  assay. 
The effects of monomeric units of prodelphinidins (GC: gallocatechin, and EGC: epigallocatechin)  and procyanidins (C: catechin  and EC: epicatechin EC)  were compared. The exsheathment assay was performed as described in Bahuaud et al, (2006). 1500 ensheathed  nematode larvae (L3) were  incubated for 3 hours with each monomer  at a concentration of 150 µg /ml in PBS. Thereafter, the larvae were washed several times and  submitted to the artificial process of  exsheathment by contact with a solution of  sodium hypochlorite (2% w/v) and sodium chloride (16,5% w/v) diluted in 1 to 300 v. The kinetics of  exsheathment was measured by repeated  microscopic observation,  at regular intervals after contact with the solution of exsheathment. Six replicates were run per monomers. Negative controls in PBS were run in parallel.

Results / Discussion
The 7 plant extracts showed significant effects on the adult worms for the 2 species. In contrast, significant results varied depending on the plant when effects on L3 were assessed (Table 1).  These in vitro results suggest that most of these plants have AH activity. Further studies are required to verify the in vivo properties and what are the secondary metabolites responsible for the effects. 

The effects of the different monomers varied according to the nematode species and the class of CT. Whereas catechin has no effect on both nematode species, GC induced a total inhibition of exsheathment.  EC and EGC induced a delay in exsheathment of T. colubriformis but have no effects on   Haemonchus larvae. 

Overall, these effects on the larval exsheathment  tend to confirm that  monomers of prodelphinidins are more active than those of procyanidins, as suggested by Molan et al (2003). Differences in susceptibility to the action of CT depending on the nematode species were also confirmed, as observed in previous  in vivo studies.

Table 1 Anthelmintic Effects of plant extracts on the 2 stages of 2nematode species Each cross indicates significant effects when compared to control values  


H. contortus
L3              Ad
T. colubriformis
L3             Ad
Brambles
                    X
X                 X
Genista
                    X
                    X
Heather
X                 X
X                 X
Chest nut
X                 X
X                 X
Hazel nut
X                 X
                    X
Pine tree
                    X
X                 X
Oak tree
X                 X
                    X
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