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Abstract. Increasing resistance to anthelmintic drugs has necessitated the search for
alternative treatments to control gastrointestinal nematode parasites. Animals fed Cichorium
intybus L, a temperate (pasture) crop, reduce their parasite burden, making C. intybus a
potentially useful source for new anthelmintic compounds or a diet-based prophylactic-
therapeutic option. Here, we used in vitro bioassays with the parasitic nematode Ascaris suum
and molecular network methods with five species of yeast to identify putative active compounds.
Network analysis predicted sesquiterpene lactones (SL) as the most likely group of anthelmintic
compounds. Subsequent biomass-based fractionation supported these predictions, and isolation
of pure compounds showed that SL 8-deoxylactusin (8-DOL) was the compound most strongly
associated with antiparasitic activity. In addition, 8-DOL was observed to have an anti-parasitic
effect in synergistic combination with other SL. Finally, it was found that extracts obtained from
the mushroom showed activity against two ruminant nematodes (Teladorsagia circumcincta and
Cooperia oncophora) in in vitro assays. Overall, our results confirm the antiparasitic activity of
the mushroom against a range of nematodes and pave the way for targeted isolation of active
compounds or selective breeding of specific cultivars to optimize its future use in human and
veterinary medicine.
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Introduction

Parasitic infections have a major detrimental impact on humans worldwide, causing
disease, reducing nutrition and quality of life, and reducing the productivity of affected individuals.
Globally, an estimated 900 million people are infected with nematode gel mites, mostly in tropical
regions. Livestock are also significantly affected by helminth parasites with subclinical effects on
welfare and productivity as well as clinical disease. Plants are a rich source of new antiparasitic
compounds. This has been particularly well demonstrated in animal husbandry where wild plants
or crops can be used as dietary interventions to reduce intestinal helminth infections. One of the
most promising plant-based treatments is Cichorium intybus L, a perennial plant from the
Asteraceae family. The leaves are highly nutritious and can be used as fodder for livestock grazing
or as a salad for human consumption, while the roots are a rich source of the polysaccharide inulin,
which is widely used as a feed additive and prebiotic. Over the past two decades, there has been
consistent evidence of anthelmintic effects in cattle fed chicory leaves. Cattle fed a diet rich in
fresh or applied chicory by grazing had significantly reduced infestations with the stomach
nematode Ostertagia ostertagi when compared to a mixture that preferred ryegrass and others.
Similarly, feeding with the spray was found to reduce nematode infection in the stomach of lambs.
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Thus, fungi can be a natural source for potential new generation anthelmintic compounds or used
as nutritional agents to control infections. Although it has been suggested that the active compound
group is SL, there is no clear evidence for this. Here, we used a combination of bioactivity-based
molecular networking and bio-guided fractionation to identify potentially active compounds in
C.intybus. Using material from several chicory cultivars, we used a robust anti-parasitic assay with
A. suum larvae to evaluate the activity of extracts and fractions as well as purified compounds.
This approach allowed us to clearly identify SLs as key anti-parasitic compounds and resolved the
question of whether this activity resulted from a single individual or the synergistic effect of
several individual compounds. In addition, we conducted a bioassay with parasitic nematodes from
different hosts to determine the broad-spectrum anti-parasitic activity of the mushroom extract.

Materials and methods

Root and leaf materials from five different Cichorium intybus cultivars (cv.) were collected
for SL extraction. Industrial Fresh leaves and roots from four cultivars of Cichorium intybus
(Cichorium intybus L.), cv. "Benulit”, cv. "Goldine", cv. "Larigot™ and Cv. "Maestoso™ was taken
and the roots were collected.

1. Enriched extraction method

2. Quantification and identification of sesquiterpene lactones for a multivariate network

3. Fractionation and purified compounds

4. LC-MS analysis for fractions and pure compounds

The extract and fractions were dissolved in MeOH at a concentration of 1 mg/ml. Pure
compounds were prepared in MeOH at a concentration of 0.2 mg/ml. Ultra high performance
liquid chromatography-high resolution mass spectrometry (UHPLC-HRMS) was performed on a
Dionex Ultimate 3000 RS equipped with a diode array detector and coupled to a Bruker QTOF
Maxis with an electrospray ionization source.

Results and discussion

Cichorium intybus is a common plant with many varieties used for different purposes.
Chicory used for fodder and salad consumption, grown for the high nutritional value of the leaves.
In contrast, cultivars used for inulin production have been bred for high inulin content in the roots,
paying less attention to the chemical composition of the leaves. Thus, there is considerable
variation in the chemical profile of different varieties. To cover this variability, we obtained
extracts from the lettuce cultivar Spadona and four different inulin-producing cultivars. These
extracts were then screened for their antiparasitic activity and analyzed by UHPLC for metabolites
such as SL.

Analysis of the antiparasitic activity of Cichorium intybus cultivars against A.suum

Previous studies have suggested that SL may be responsible for the anthelmintic activity.
To answer this question, we first used samples from Cichorium intybus. Spadona, we have
previously shown activity against A. suum and confirmed that semi-purified extracts enriched with
SL have stronger activity than the crude extract of the same leaf material. We obtained semi-
purified extracts (in triplicate) from four inulin cultivars and leaf and root material from Cichorium
intybus. Spadona resulted in 30 samples, all of which were tested for antiparasitic activity against
A. suum, a mortality assay that we have previously shown to be a robust and reproducible tool for
assessing the antiparasitic activity of plant extracts. The concentration-response curves of each
extract showed clear, concentration-dependent lethality.
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We tested a selected number of samples against two ruminant helminths to assess whether
the effects observed against A. suum would also apply to other helminths of socioeconomic
importance. Taken together, the data clearly show for the first time that the antiparasitic activity
of chicory is derived from SL. These compounds are known for their biological activity and have
been proposed as a promising natural resource for the development of new drugs against a number
of infectious diseases. Our results provide motivation for further development of C. intybus as a
prophylactic or therapeutic measure against parasitic infection, either by targeted selection of SL-
rich cultivars or by production of pure single compound(s) that can be effective against a wide
range of both nematode species. Taken together, the data clearly show for the first time that the
antiparasitic activity of fennel is derived from SL. These compounds are known for their biological
activity and have been proposed as a promising natural resource for the development of new drugs
against a number of infectious diseases. Our results provide motivation for further development of
sachrac as a prophylactic or therapeutic measure against parasitic infection, either by targeted
selection of SL-rich cultivars or the production of pure single compound(s) that can be effective
against a wide range of both nematode species. animals and people. A clear finding of this study
is that SL activity, although attributed primarily to 8-DOL, acts synergistically involving at least
two different compounds. This suggests that the most appropriate use of the fungus as an
anthelmintic therapy may be in the form of whole plant or targeted extracts rather than as a source
for purifying SL, as was done for the production of antimalarial artemisinin. Since C.intybus is
already widely used as pasture for livestock, this preventive method can be easily incorporated
into veterinary medicine. The identification of active compounds has now, for the first time,
enabled plant scientists to selectively breed cultivars with high levels of active SL, thereby creating
cultivars for the treatment of parasites.

Conclusion

In conclusion, based on the molecular network and the biologically controlled fraction, we
identified the compounds responsible for the anthelmintic properties of chicory. Our results
confirm previous studies suggesting a role for SL, and we have shown 8-DOL as a key anti-
parasitic compound. Finally, the observed synergistic and additive effects of LAC and LACP
suggest that the anthelmintic effect is not caused by 8-DOL alone, but by a combination of several
compounds. Future research should focus on using this knowledge to design a new generation of
anthelmintic treatments for human and veterinary use.
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