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Abstract 

Background:  Natural compounds from plants are known to provide a source of anthelmintic molecules. In previ‑
ous studies, we have shown that plant extracts from the plant Picria fel-terrae Lour. and particular fractions thereof 
have activity against the free-living nematode Caenorhabditis elegans, causing quite pronounced stress responses in 
this nematode. We have also shown that a fraction, designated Pf-fraction 5, derived from this plant has a substantial 
adverse effect on this worm; however, nothing is known about the molecular processes affected in the worm. In the 
present study, we explored this aspect.

Results:  Key biological processes linked to upregulated genes (n = 214) included ‘response to endoplasmic reticu‑
lum stress’ and ‘lipid metabolism’, and processes representing downregulated genes (n = 357) included ‘DNA-confor‑
mation change’ and ‘cellular lipid metabolism’.

Conclusions:  Exposure of C. elegans to Pf-fraction 5 induces significant changes in the transcriptome. Gene ontology 
analysis suggests that Pf-fraction 5 induces endoplasmic reticulum and mitochondrial stress, and the changes in gene 
expression are either a direct or indirect consequence of this. Further work is required to assess specific responses to 
sub-fractions of Pf-fraction 5 in time-course experiments in C. elegans, to define the chemical(s) with potent anthel‑
mintic properties, to attempt to unravel their mode(s) of action and to assess their selectivity against nematodes.

Keywords:  Medicinal plant extracts, Picria fel-terrae Lour., Anthelmintic activity, Caenorhabditis elegans, RNA 
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Background
Parasitic nematodes cause substantial mortality and mor-
bidity in humans and animals worldwide. For instance, 
gastrointestinal nematodes of livestock affect hundreds of 
millions of small ruminants (including goats and sheep) 
and cause substantial losses to the livestock industry esti-
mated at tens of billions of dollars per annum worldwide 
[1]. The control of these nematodes has predominantly 

relied on the use of anthelmintic drugs, but the excessive 
and uncontrolled use of such drugs has led to widespread 
resistance in these nematodes to most anthelmintic 
classes [2], thus seriously compromising the control of 
parasites in many countries. Although the development 
of the compounds monepantel and derquantel (2-deoxy-
paraherquamide) [3–5] has provided some optimism 
about commercialising new classes of nematocides, suc-
cess in bringing new anthelmintics to market has been 
limited over the last years.

Natural compounds from plants provide a unique 
opportunity in the search for new, effective and safe 
anthelmintics [6–10]. In China, for example, plant-
derived medicines have been used for centuries to treat 
many disease conditions, including parasitoses, in 
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humans [11, 12] and other animals [13–15]. It is pos-
sible that some natural medicines act on pathways in 
nematodes that differ from targets of currently used 
anthelmintic drugs [16] and, therefore, might be able to 
kill nematodes that are resistant to one or more com-
mercial anthelmintics. However, for most natural com-
pounds, there has been limited systematic, scientific 
evaluations of efficacy, mode of action and identity of 
their active component(s), and no plant-derived anthel-
mintic has yet prospered commercially [17].

Recently, we evaluated eight plant extracts from differ-
ent parts of Picria fel-terrae Lour., Lansium domesticum, 
Linariantha bicolor and Tetracera akara for nematocidal 
activity in seven strains of the free-living nematode Cae-
norhabditis elegans, and characterised stress responses 
induced by these extracts [18]. Five of the eight extracts 
from plants that have been used by Malaysian healers 
to treat worm infections and gastrointestinal disorders 
in humans [19, 20] had significant nematocidal activity 
against both adult and larval stages of C. elegans [18]. The 
most effective extracts were derived from P. fel-terrae, 
and triggered stress response pathways that were distinct 
from two commercially available anthelmintics (levami-
sole and doramectin) [18]. In a subsequent study [21], we 
showed that extracts from P. fel-terrae Lour. had a signifi-
cant inhibitory effect on the motility and development of 
H. contortus larvae. A subsequent study, conducted to 
fractionate the plant extract of P. fel-terrae Lour., identi-
fied a fraction, designated Pf-fraction 5, with substantial 
anthelmintic activity [22]. In spite of this information, it is 
not known how P. fel-terrae plant extracts or Pf-fraction 5 
affect(s) the nematode. As transcriptomic investigations 
can provide a global snapshot of molecular alterations in 
an organism and clues about modes of action [23], here 
we elected to logically extend previous work to explore 
the transcriptional differences in C. elegans exposed to 
Pf-fraction 5 compared with untreated controls, and 
assessed which biological pathways are affected by this 
plant extract fraction.

Methods
Maintenance of C. elegans
Caenorhabditis elegans strain N2 Bristol was used and 
maintained using established methods [24] and were 
maintained on Nematode Growth Medium (NGM; 3% 
bacto-agar, 86  mM NaCl, 42 mM Na2HPO4, 22 mM 
KH2PO4 and 1  mM MgSO4) on a lawn of Escherichia 
coli (strain OP50) at 20 °C. Synchronized populations of 
C. elegans were obtained by a modified alkaline bleach-
ing method [25]. Eggs and egg-laying adults were washed 
briefly in M9 buffer (86  mM NaCl, 42  mM Na2HPO4, 
22 mM KH2PO4 and 1 mM MgSO4) and then incubated 
in bleaching solution (4  ml of commercial bleach, 1  ml 

of 1 M NaOH and 9 ml of H2O) for 3.5 min. Eggs were 
pelleted by centrifugation (1000×g) and washed three 
times in M9 and then incubated at 20 °C (rotating) for at 
least 20 h. To obtain young adults, L1s were transferred 
to NGM plates and maintained at 20 °C for 48 h. Young 
adults were isolated, washed four times in M9 before 
being used in experiments.

Preparation of Pf‑fraction 5
Picria fel-terrae Lour. whole-plant extract was prepared 
at the Sarawak Biodiversity Centre, Kuching, Malaysia 
[18]. A high quality solid phase extraction strata C18-E 
column (Silica-based sorbent, Phenomenex, Torrance, 
USA) was used to fractionate the extract [18]. To do 
this, 100  mg of dried extract was dissolved in 1  ml of 
absolute ethanol and then diluted with 19  ml of H2O. 
The column was washed with 20 ml of 100% acetonitrile 
(ACN, Sigma, Castle Hill, Australia) and conditioned 
using 20  ml of H2O. The dissolved plant extract was 
then loaded on to the C18-E column and the eluate col-
lected. This step was followed by successive elutions with 
20  ml of different percentages of ACN (10%, 25%, 40%, 
55%, 70%, 85% and 100%) from the column and collecting 
eluted fractions at the stationary phase. Pf-fraction 5 col-
lected using 40% ACN was dried by rotary evaporation at 
4 °C, and then reconstituted in 1 ml of absolute ethanol. 
For treatment of C. elegans, a working stock of Pf-fraction 
5 was prepared by diluting a 10 µl aliquot into 990 µl of 
M9 (1000-fold dilution) [22].

Treatment of C. elegans with Pf‑fraction 5
Paired samples of young adults (n  =  1000) were incu-
bated in diluted Pf-fraction 5 (‘treated C. elegans’) or 
M9 containing 1% ethanol (‘untreated controls’) at 20 °C 
for 12  h. The C. elegans exposed to Pf-fraction 5 under 
this condition exhibited a stress phenotype, but did not 
immediately die [18]. Following incubation for 12  h, 
treated and untreated C. elegans were separately har-
vested, snap frozen in liquid nitrogen and stored at − 
80 °C for subsequent molecular investigation.

RNA extraction
RNA was extracted from two independent biologi-
cal replicates of ‘treated’ and ‘untreated’ C. elegans 
using the TRIzol® reagent (Invitrogen, Waltham, USA) 
according to the manufacturer’s instructions. To facili-
tate total RNA precipitation, 2  μl GlycoBlue (Ambion, 
Austin, USA) co-precipitant were added. Total RNA 
was suspended in 90  μl of RNase-free H2O and treated 
with DNase (TURBO DNA-free kit, Life Technologies, 
Carlsbad, USA). RNA integrity was assessed using a 
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Bioanalyzer (Agilent, Santa Clara, USA), and RNA sam-
ples were stored at − 80 °C for subsequent sequencing.

Illumina RNA‑Seq sequencing and bioinformatic analyses
Pairs of mRNA libraries of Pf-fraction 5-‘treated C. 
elegans’ and ‘untreated C. elegans’ were constructed 
(TruSeq® RNA Sample Preparation v.2, Illumina, San 
Diego, USA) and sequenced (HiSeq™ 2500 sequencing 
platform, Illumina) according to the manufacturer’s pro-
tocols. Each of the four libraries contained ~ 25 million 
reads (Additional file 1: Table S1).

Reads were processed in the FASTQ format [26]. 
Nucleotide sequences of a Phred quality of < 25, adapters 
and reads of < 50 nucleotides (nt) in length were removed 
using the program Trimmomatic [27]. The quality of 
reads from individual libraries was then assessed using 
FastQC (http://www.bioin​forma​tics.babra​ham.ac.uk/
proje​cts/fastq​c/). For each replicate, high quality paired 
reads were mapped to the protein coding regions within 
the C. elegans reference genome (v.WBcel235; INSDC 
Assembly GCA_000002985.3) using RSEM v.1.2.21 [28]. 
Expected counts determined for each gene were submit-
ted to EBSeq (v.1.1.5) [29] employing median normalisa-
tion and a false discovery rate (FDR) of 0.05, to determine 
the posterior probability of each gene being differentially 
transcribed by more than a 2-fold change in gene tran-
scription between ‘treated’ and ‘untreated’ C. elegans. 
Enriched GO terms for gene sets recorded to be differen-
tially transcribed were predicted using BINGO [30], and 
the hypergeometric test and Benjamini & Hochberg False 
Discovery Rate (FDR) correction (adjusted P ≤  0.05) 
applied.

Representative enriched gene ontology (GO) terms 
were inferred using the program REVIGO [31]. Each pro-
tein-encoding gene was assigned to a Kyoto Encyclopedia 
of Genes and Genomes (KEGG) orthologous gene (KO) 
group using established methods [32]. Individual genes 
linked to one or more KO terms were assigned to known 
protein families and biological pathways using the KEGG 
BRITE and KEGG PATHWAY hierarchies employ-
ing custom python scripts. Enriched protein families 
and biological pathways represented by ≥ 5 genes were 
defined using the Fisher’s exact test, employing a cus-
tom script and linking data to KEGG biological pathway 
BRITE hierarchy.

Results and discussion
We compared transcription in Pf-fraction 5-treated C. 
elegans with untreated controls, and established the 
molecular pathways affected by treatment with this frac-
tion of whole-plant extract from P. fel-terrae. Four cDNA 
sequencing libraries (two technical replicates for each 

‘treated’ and ‘untreated’ C. elegans) yielded 99,732,338 
high quality reads (49,724,404 for ‘treated’ 50,007,934 
for ‘untreated’ C. elegans) (Additional file  1: Table  S1). 
Raw RNA-Seq read data are available for download 
from the NCBI sequence read archive (BioProject ID: 
PRJNA301756). More than 91% of high quality RNA-
Seq reads from each library mapped to the C. elegans 
reference genome (range: 91.8–92.4%) (Additional file 1: 
Table  S1). Compared with the ‘untreated’ group, we 
identified 214 upregulated and 357 downregulated pro-
tein-coding genes (≥ 0.95 probability of differential tran-
scription and ≥ 2 fold-change in transcription in ‘treated’ 
C. elegans (Additional file 2: Figure S1, Additional file 3: 
Table  S2). Protein families enriched in the upregulated 
gene set were assigned to seven KEGG BRITE protein 
families, and included transporters, transcription fac-
tors, spliceosomes, nuclear receptors, lipid biosynthe-
sis proteins, enzymes, chaperones and protein catalysts 
(Additional file  4: Table  S3). Pathways enriched in this 
upregulated set of 214 genes associated with environ-
mental information processing (including signal trans-
duction and MAPK signalling), genetic information 
processing (including folding, sorting and degradation 
and protein processing in the endoplasmic reticulum) 
and metabolism (including lipid metabolism and fatty 
acid degradation) (Additional file 5: Table S4).

Protein families enriched in the set of the 357 down-
regulated genes in ‘treated’ C. elegans were assigned to 
eight KEGG BRITE protein families, namely transport-
ers, peptidases, mitochondrial biogenesis proteins, lec-
tins, glycosyltransferases, enzymes, oxidoreductases 
and hydrolases (Additional file  4: Table  S3). Pathways 
enriched in the downregulated gene set associated with 
cellular processes (including transport and catabolism 
in lysosomes and peroxisomes) and metabolism of car-
bohydrates (ascorbate and aldarate metabolism, pentose 
and glucuronate interconversions and starch and sucrose 
metabolism), lipids (alpha-linolenic acid metabolism, 
biosynthesis of unsaturated fatty acids, fatty acid degra-
dation, glycerophospholipid metabolism, steroid hor-
mone biosynthesis) and xenobiotics (aminobenzoate 
degradation, drug metabolism by cytochrome P450 and 
other enzymes).

We identified seven and eight GO terms that were sig-
nificantly enriched for up- and downregulated gene sets, 
respectively (Additional file 6: Table S5). The key biologi-
cal processes representing upregulated genes included 
‘response to endoplasmic reticulum (ER) stress’ and 
‘lipid metabolism’ (Fig.  1), and processes representing 
the downregulated genes included ‘DNA-conformation 
change’ and ‘cellular lipid metabolism’ (Fig. 2).

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
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Endoplasmic reticulum (ER) stress
Thirteen genes relating to ER structure and function, 
including abu-1, abu-7, abu-15, pqn-2 and 5 hsp-16 
genes, were upregulated in Pf-fraction 5-treated C. ele-
gans (Additional file  6: Table  S5). The abu-1 and abu-7 
genes encode ER transmembrane proteins, and their 
upregulation is induced by the presence of unfolded pro-
tein in ER [33, 34]. The five upregulated hsp-16 genes are 
predicted to function as passive ligands to temporarily 

prevent unfolded proteins from aggregating [35, 36]. This 
information indicates that the exposure of C. elegans to 
Pf-fraction 5 leads to stress and dysfunction in ER. How 
this ER stress is induced is unclear, as we studied tran-
scription 12  h following exposure to Pf-fraction 5. The 
ER stress might be a direct result of exposure to Pf-frac-
tion 5, but could also be a downstream consequence of 
this exposure via a presently unknown mechanism or 
process.

Fig. 1  A gene ontology (GO) map of 214 upregulated genes in C. elegans in response to treatment with Pf-fraction 5 and linked to conserved 
biological processes. Individual rectangles represent single gene ontology terms, which are arranged into ‘superclusters’ (related terms), shown in 
different colors. The size of each rectangle reflects the frequency of individual GO terms representing the upregulated genes

Fig. 2  A gene ontology (GO) map of 357 downregulated genes in C. elegans in response to treatment with Pf-fraction 5 and linked to conserved 
biological processes. Individual rectangles represent single gene ontology terms, which are arranged into ‘superclusters’ (related terms), shown in 
different colors. The size of each rectangle reflects the frequency of individual GO terms representing the downregulated genes
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Cells respond to stress conditions by inducing a stress 
response, and associated genes are usually conserved 
among organisms, including nematodes [37]. An essen-
tial component of the stress response is an upregulation 
of heat-shock proteins (HSPs). HSPs act as molecular 
chaperones and bind to non-native conformations of 
proteins that persist upon cell stress [37]. These interac-
tions prevent misfolding, aggregation and/or premature 
clearance of proteins, and enable cells to restore the nec-
essary folding [38, 39]. In a healthy cellular environment, 
elevated levels of HSPs are adequate to protect cells from 
stress situations [40, 41]. However, if this mechanism 
fails to adequately respond to proteo-toxic imbalances, 
unfolded/misfolded proteins are accumulated [42]. The 
present transcriptomic analysis is consistent with an 
increase of unfolded proteins in Pf-fraction 5 treated C. 
elegans. The upregulation of the HSPs is usually associ-
ated with a downregulation of genes linked to normal 
cellular functions [40, 41], which might be a reason for 
the downregulation of many genes involved in a wide 
range of biological processes, as seen here (Fig. 2).

The hsp-70 multi-gene family of C. elegans has unique 
characteristics, and 12 genes in this family have been 
studied [43–45]. The proteins encoded by these genes 
function as molecular chaperones for unfolded proteins 
[37, 46]. One subfamily consists of an HSP-70 that can 
be translocated into ER, and another subfamily consists 
of a protein that can be translocated into the mitochon-
dria [44]. In the present study, the transcription of three 
hsp-70 genes was upregulated, indicating the presence of 
unfolded proteins and a cellular response to the stressor 
(Pf-fraction 5). ER stress can be induced by the accumu-
lation of unfolded protein aggregates (unfolded protein 
response, UPR), which leads to cell death by apopto-
sis [47–49]. ER is the principal organelle of the cell for 
lipid synthesis, protein folding and protein maturation 
[47–49], and is the major signal transducing organelle 
that senses and responds to changes of protein homeo-
stasis [47–49]. Therefore, the normal function of ER is 
essential for cell functions and, consequently, for the 
survival of the organism. If ER stress is not corrected in 
C. elegans, cells are damaged and removed by apoptosis 
[47–49]. This might explain the molecular and morpho-
logical changes seen in C. elegans exposed to Pf-fraction 
5, which eventually led to the death of treated C. elegans 
after 48 h of exposure.

The mitochondrion is the powerhouse of the cell, pro-
ducing ATP by oxidative phosphorylation. The function 
of the mitochondria can be challenged by exposure of the 
cells to toxins as well as pathogens. If the mitochondria 
are damaged, electrons can escape from the sites in the 
respiratory chain and react with oxygen to form reac-
tive oxygen species (ROS), which are well known for 

creating oxidative stress [50, 51]. The constant exposure 
to Pf-fraction 5 may have overwhelmed the cell’s ability to 
detoxify the active agent(s) and induced ER stress. In par-
allel, detoxification of active components within Pf-frac-
tion 5 might have stressed mitochondria and ultimately 
led to their dysfunction or destruction. This proposal 
could explain the downregulation of the fatty acid oxida-
tion and energy production processes of mitochondria. 
Alternatively, the observation that components of the 
unfolded protein response pathway are induced by Pf-
fraction 5 might indicate that fatty acid metabolism and 
mitochondrial function are impacted by defective protein 
folding and/or importation into the mitochondria. These 
aspects require investigation.

The ER protein folding mechanism and its chaperones 
have been considered as new drug targets [42]. The Plas-
modium mitochondrion is a validated drug target [52]; 
for example, the inner membrane electron transport 
chain is the target of the antimalarial drug atovaquone 
[53]. Moreover, the potential of targeting Trypanosoma 
cruzi mitochondria as a new drug target has been shown 
[54], and the cytochrome 450 family is being studied as 
an anti-cancer drug target [55]. This information suggests 
that targeting ER and/or mitochondria might have poten-
tial for designing or discovering a new nematocide, but 
further work is required to establish whether this might 
apply to Pf-fraction 5.

Both ER stress and oxidative stress often induce apop-
tosis (programmed cell death) in C. elegans. This is char-
acterised by an upregulation of egl-1, ced-3, ced-4 and 
ced-9 in C. elegans germ cells or developing cells. How-
ever, such stress can also be activated to maintain home-
ostasis in disease conditions [56]. In the present study, 
apoptosis marker genes were not significantly upregu-
lated in C. elegans following treatment with Pf-fraction 
5. However, given the pattern of the ER stress, such an 
upregulation might be detected at a later stage if deep 
sequencing were performed in a time-course experiment. 
Furthermore, as the biochemical pathway(s) used by 
parasitic helminths to bio-transform commercial anthel-
mintics are often unknown [57], detailed investigations of 
detoxification mechanisms are warranted.

Lipid metabolism and downregulation of β‑oxidation 
in mitochondria
As this study was performed in C. elegans with no access 
to a food source, a starvation response was expected. 
However, the nhr-49 gene, which is essential for the 
activation and repression of starvation genes [58, 59], 
was not differentially abundant between Pf-fraction 
5-‘treated’ and ‘untreated’ C. elegans, assuming that both 
groups of C. elegans respond to starvation in the same 
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way. Therefore, theoretically, starvation response genes 
should not be differentially transcribed, unless the chem-
icals within Pf-fraction 5 affect the energy metabolism of 
the treated C. elegans.

The genes hosl-1 and acs-2, which encode key enzymes 
in β-oxidation pathway, were upregulated. In fatty acid 
oxidation pathway, triglycerides are first broken-down to 
fatty acids (lipolysis) [60] and the long chain fatty acids 
are converted to their fatty acid-CoA derivative (activa-
tion) in the cytosol (Fig. 3a–c). The gene hosl-1 encodes 
the C. elegans ortholog of hormone-sensitive lipase [61], 
which catalyzes the first rate-limiting step of triglyceride 
hydrolysis [60]. The acs-2 gene encodes an acyl-CoA syn-
thetase, which is predicted to catalyze the conversion of 
a fatty acid to fatty acyl-CoA for subsequent β-oxidation 
in the mitochondria [58, 60]. An upregulation of these 

enzymes suggests that the fatty acids stores within C. ele-
gans are being used for energy production.

For β-oxidation, long chain fatty acids need to be 
transported across the inner mitochondrial membrane 
(impermeable to CoA) to the mitochondrial matrix. This 
is mediated by carnitine palmitoyltransferase I (CPT-1), 
which is located on the outer membrane of the mito-
chondria and replaces CoA from fatty acid-CoA with car-
nitine to form fatty acyl carnitine. The fatty acyl carnitine 
can then be translocated through the inner mitochon-
drial membrane. Then, the CPT-2 transports the fatty 
acids across the mitochondrial inner membrane to the 
mitochondria matrix where β-oxidation occurs. In this 
study, cpt-1 was downregulated (Fig.  3d), but cpt-2 was 
not affected. We hypothesise that Pf-fraction 5-treated C. 
elegans, despite having increased levels of lipolysis, would 
have reduced levels of β-oxidation as the long chain fatty 

Fig. 3  Fatty acid degradation processes/pathways in C. elegans. a Schematic diagram of fatty acid degradation process. b Lipolysis. c Activation 
of fatty acids. d Fatty acid transport to the mitochondria. e β-oxidation (adapted from Nelson and Cox [60]). Up-arrow indicates increase transcript 
abundance, down-arrow indicates decrease transcript abundance
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acids would not have been efficiently transported into the 
mitochondrial matrix for β-oxidation.

The genes acdh-1 and acdh-2 encode short chain 
acyl-CoA dehydrogenases, which catalyze the first step 
of fatty acid beta-oxidation in mitochondria (Fig.  3e) 
[62]. While the transcription of genes acdh-1 and 
acdh-2 were downregulated in response to Pf-fraction 
5, other genes associated with β-oxidation were not 
affected. These findings suggest that constituents of 
Pf-fraction 5 specifically target two major rate limiting 
steps in fatty acid degradation in C. elegans.

Nematodes, including C. elegans, are highly depend-
ent on lipids for energy storage and energy metabo-
lism [63], with the intestine being a major site of lipid 
storage and metabolism [64, 65]. Mitochondria and 
the peroxisomes are the two sites of fatty acid oxida-
tion in C. elegans, and most peroxisomes are in the 
intestine [66]. The genes elo-1, elo-5 and elo-6 encode 
enzymes that have fatty acid elongation activities, 
and are involved in the synthesis of polyunsaturated 
and branched fatty acids [67]. In this study, the elo-
5 gene was upregulated in response to Pf-fraction 5. 
All 3 Δ-9-desaturases in C. elegans, encoded by fat-
5, fat-6 and fat-7, respectively, are expressed exclu-
sively in the intestine [68]. Collectively, the present 
data suggest that lipid homeostasis is disrupted in C. 
elegans exposed to Pf-fraction 5. Interestingly, C. ele-
gans exposed to ivermectin also displayed a substan-
tial change in gene transcription associated with lipid 
mobilisation and fatty acid metabolism [69]. Although 
the mechanism of these changes might be distinct 
from those reported here, it does highlight the sensi-
tivity of exogenous influences on metabolic processes.

Conclusions
In the present study, we provide evidence that expo-
sure of C. elegans to Pf-fraction 5 elicits substantial 
changes in transcription. Genes associated with endo-
plasmic reticulum and mitochondrial stresses are sig-
nificantly affected, which is in agreement with our 
previous work [18]. Although the molecular events 
that lead to these changes are presently unclear, they 
likely represent a complex combination of “second-
ary” responses in C. elegans to exposure to Pf-fraction 
5. Significant further transcriptomic and biochemi-
cal work is required to understand how Pf-fraction 
5 kills C. elegans. On the other hand, as this fraction 
likely contains numerous chemical compounds [22], 
identifying the specific responses induced by particu-
lar active constituents causing anthelmintic activity 
might be a challenging task. Nonetheless, sub-frac-
tionation of Pf-fraction 5 is required to assess specific 

responses, and work is needed to dissect the modes of 
action of individual components or molecules within 
this anthelmintic fraction of the plant Picria fel-terrae 
Lour.
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