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Abstract
Background and Aim: The potential of plants as anthelmintics is very large, but there is still very little research conducted 
in the search for effective, safe, easily obtained, and affordable anthelmintic candidates. Palem putri (Veitchia merrillii) is 
an ornamental plant that is interesting to study because it is included in the areca nut group which is reported to have strong 
abilities as anthelmintics. The study aims to evaluate the anthelmintic efficacy of Veitchia merrillii against trematode worms 
such as Paramphistomum spp. and Fasciola hepatica.

Materials and Methods: This research employs both in vitro and computational techniques. An anthelmintic in vitro test 
was carried out on Paramphistomum spp. worms at concentrations of 10%, 25%, and 40% (gr/v), assessing mortality index 
as the observable outcome, followed by a histopathological investigation of the deceased worms for tissue and cellular 
damage evaluation. Seventeen compounds from V. merrillii seeds were studied in silico for their anthelmintic activity 
against F. hepatica worms using the quantitative structure-activity relationship technique, molecular docking, and Lipinski’s 
rule analysis for orally administered medication.

Results: About 25% and 40% extracts of V. merrillii damaged the tegument organs in the worms. Seventeen compounds in 
V. merrillii seed extract, on average, yielded a higher anthelmintic index on F. hepatica than praziquantel. Eleven of the 17 
compounds exhibit stronger affinity than praziquantel, with routine and gallic acid being the top two ligands (∆Gbinding 
values: −11.65 kcal/mol and −11.07 kcal/mol, respectively). According to Lipinski’s rule analysis, only routine compounds 
cannot be orally administered.

Conclusion: The seeds of V. merrilli have potential as an anthelmintic agent for Paramphistomum spp. at concentrations of 
25%–40% (gr/v).

Keywords: Molecular docking, QSAR, Trematoda, Veitchia merillii.

Introduction

Parasitic diseases significantly impact global 
health and livestock productivity. Small ruminants are 
susceptible to gastrointestinal infections from nema-
todes, trematodes, and cestodes [1]. In Indonesia, the 
presence of Haemonchus spp., Fasciola gigantica, 
and Paramphistomum spp. worms pose a significant 
threat to young livestock. Haemonchus placei, a type 
of gastrointestinal nematode, can hinder growth and 
lead to death in both cattle and sheep. This parasite, 
which feeds on blood, is responsible for numerous 
deaths, predominantly among the young. In addition, 
these gastrointestinal worms are easily resistant to 
commercial anthelmintics, especially in countries that 

have many small ruminants [2]. Paramphistomum 
spp. worms, including both adults and young images, 
have been known to cause Paramphistomiasis. The 
infection can progress from the rumen to the aboma-
sum and small intestine. Ruminants are at risk from 
this disease [3–6]. Livestock is commonly infected by 
Paramphistomum cervi, Paramphistomum ichikawai, 
Paramphistomum gotoi, and Paramphistomum sco-
tiae. These trematodes, including Fasciola hepatica 
and F. gigantica cause infections (fasciolosis) in cat-
tle, sheep, and other ruminants. Fasciolosis causes 
economic losses amounting to USD 31.65 million 
annually. Worm infestation in the liver and gallblad-
der of ruminants can impede growth, decrease produc-
tion, render the liver unsuitable for consumption, and 
potentially result in fatality. The necessary measures 
should be implemented to combat losses from fascio-
losis resulting from infections with these two worms.

Using natural anthelmintic sources as an alterna-
tive can eliminate worms. The availability and afford-
ability of numerous raw materials, easy financing, and 
lower chances of resistance make plants attractive 
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alternatives for anthelmintic production. It is esti-
mated that more than 20,000 plant species have been 
used worldwide to treat various types of diseases, 
most of them as antibiotics [7–9], some of which also 
study the anthelmintic properties of these medici-
nal plants. In Cameroon and Ghana, the medicinal 
use of Anogeissus leiocarpus, Khaya senegalensis, 
Euphorbia hirta, Annona senegalensis water extracts, 
and Parquetina nigrescens is reported for their anthel-
mintic properties [10]. Vidyadhar et al. [11] revealed 
the anthelmintic property of Enicostemma littorale. 
Jeyathilakan et al. [12] found that Cymbopogan nar-
gus and Azadirachta indica were useful for treating 
F. gigantica infections. Nigella sativa extract and 
ivermectin were reported to be effective as an anthel-
mintic by Shalaby and El-Moghazy [13]. Pal and 
Pandap [14] explained that the anthelmintic potential 
is also found in the Cynodon dactylon plant, which 
is traditionally used as a cure for epilepsy, diarrhea, 
dysentery, cancer, coughs, wounds, hypertension, 
and rheumatism by people in India. Gynandropsis 
gynandra and Buchholzia coriaceae’s leaf and root 
extracts are active against F. gigantica, Tenia solium, 
and Pheritima pashuma trematode worms [15]. Zahir 
et al. [16] explained that ethyl acetate extract of 
Achyranthes aspera leaves, acetone and chloroform 
extract of Anisomeles malabarica leaves, methanol 
extract of Gloriosa superba flowers, and methanol 
extract of Ricinus communis leaves have the potential 
to be used in controlling parasites Paramphistomum 
cervi, Rhipicephalus (Boophilus) microplus, 
Anopheles subpictus, and Culex tritaeniorhynchus. 
Ethanol extract of Jatropha curcas seeds inhibits 
Haemoncus contortus nematodes [17], while Allium 
sativum and Lawsonia inermis extracts exhibit fluidal 
activity against F. gigantica [18]. In Indonesia, most 
people have utilized areca nuts as an anthelmintic 
medicine [19–29]. The Veitchia merrillii, also referred 
as its areca nut family name Arecaceae [23,30,31], is 
a palm species. In-home gardens, offices, parks, and 
urban roadsides, this plant is popularly used as an orna-
mental plant. Beyond its economic significance, this 
plant is also found to have fatty acids, including pal-
mitic acid, oleic acid, and linoleic acid [32, 33]. Using 
high-performance liquid chromatography (HPLC), 
Vafaei [34] identified gallic acid, caffeic acid, vanillic 
acid, syringic acid, pyrogallol, quinic acid, and narin-
genin as active compounds. The last two compounds 
are the most frequently occurring components in the 
fruit of this plant. Hamzah et al. [23] have reported 
that this plant is effective in killing Ascaridia galli 
worms in vitro. This article provides information on 
V. merrillii’s anthelmintic properties against F. hepat-
ica and Paramphistomum spp. trematode worms.

This study aimed to investigate the antitrematode 
properties of V. merrilli fruit seeds using both in vitro 
and in silico techniques. The in vitro mortality and 
histology of Paramphistomum spp. worm tegument 
was examined following treatment with V. merrillii 

ethanol extract at concentrations of 10%, 25%, and 
40%. In vitro studies employing QSAR and molecu-
lar docking techniques were performed to evaluate the 
anthelmintic potential of 17 secondary metabolites in 
V. merrillii seeds against F. hepatica worms [32–34].
Materials and Methods
Ethical approval

This study was conducted in vitro using worm 
parasites and in silico, so ethical approval is not 
required.
Study period and location

The study was conducted from February to 
July 2023 in the Parasitology and Pharmacology 
Laboratory, Faculty of Veterinary Medicine, Syiah 
Kuala University.
Materials

The sample consisted of Veitchia merillii fruit 
seeds sourced from the “Blang Padang” park region 
of Banda Aceh, Indonesia. It was identified by Devi 
Syafrianti in the Biology Laboratory of Syiah Kuala 
University. Ethanol 70% was used to extract dried 
V. merrillii fruit seeds for in vitro testing on worm 
motility and mortality. Seventeen V. merrillii fruit seed 
active compounds, downloaded from PubChem and 
converted in pdb format, were used as ligands against 
thioredoxin enzyme receptor (pdb id. 2VIM) in an 
in silico test whose hardware specifications was a set 
of computers with processorCore™ i5-3230M2 Cores 
chip, 4 Threads@2.6GHz, 4.00 GB DDR3 1600 MHz 
random access memory, 2GB DDR3 Radeon HD 
8670M video graphics array, supported by inter-
net access. While software used was the Molecular 
Operating Environment (MOE) (V.9 2010, Chemical 
Computing Group, Inc., Canada) relies on various 
web servers including http://www.way2drug.com/
PASSOnline/predict.php, http://stitch.embl.de, and 
https://biosig.lab.uq.edu.au/pkcsm. for support.
Methods
Ethanol extraction of V. merrillii fruits seeds

Following the method of Jiraungkoorskul 
et al. [35] with modifications (maceration container 
connected to automatic stirring tool), we weighed 
V. merrillii seeds to ±5 kg, dried them in the absence 
of sunlight, and ground them into powder using a 
blender. The filtrate was taken 3 times after macerating 
the powder with ethanol solution. In the Rotavapor® 
R-300 (China), a vacuum rotary evaporator, the mac-
erate was evaporated to yield a thick, ethanol-free 
extract.

Worm motility and mortality test using V. merrillii extract
Paramphistomum spp. was collected from the 

abomasums of cattle slaughtered at the Lambaro 
Aceh Besar. Worms were transferred to RPMI 1640 
(Sigma-Aldrich®, USA) medium for motility and 
mortality testing. Ten worms for each treatment were 
placed in separate Petri dishes, and 10% (P1), 25% 
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(P2), and 40% (P3) of V. merrillii extract were added 
to each, respectively, in triplicate. Praziquantel served 
as the positive control (C0), while phosphate-buffered 
saline (PBS) acted as the negative control (C1). Every 
15 min, an index score was used to determine worm 
motility. The worm’s body movement is assessed. 
A  body moving completely was scored 3, partially 
moved, 2; alive but not moving, 1; and dead, 0. We 
confirmed worm death by touching them with a stir 
bar. A  moving worm confirms its life. The worm’s 
death is confirmed if it remains silent.

Histopathological examination
Histopathological preparations were made from 

each treatment group using dead worms. The exam-
ination involves an initial rinse of worm samples with 
PBS, followed by fixation using 10% buffer neutral 
formalin, then a stopping point with 70% alcohol, and 
subsequent dehydration using graded alcohol con-
centrations (70%, 80%, 90%, and absolute). The tis-
sue in Silol I, II, and III fluids is cleared, infiltrated 
with liquid paraffin, and then embedded in paraffin to 
form a paraffin block. 5-µm thick tissue slices were 
prepared using a microtome, stained with hematox-
ylin-eosin, and mounted on slides with Entellan®  
(Merck, Germany) adhesive. Observations were made 
and recorded as photomicrographs using the Olympus 
CX31 (Japan) microscope.

Literature search for secondary metabolites of 
V. merrillii plant seeds and download of the smile 
structure of these compounds through PubChem

Seventeen compounds, including gallic acid, caf-
feic acid, vanillic acid, syringic acid, pyrogallol, rutin, 
naringenin, limonene, cis-β-ocimene, allo-ocimene, 
linalool oxide, linalool, methyl salicylate, eucalyp-
tol, palmitic acid, oleic acid, and linoleic acid, have 
been isolated from the V. merrillii seeds according to 
Rodríguez-Leyes et al. [32] and Vafaei [34] (Table-1).

Determination of the potential of 17 metabolites of 
V. merillii plant seed compounds as anthelmintic 
agents in F. hepatica worms based on Way2Drug 
QSAR analysis

The Prediction of Activity Spectra for Substances 
(PASS) web server, available at http://www.way-
2drug.com/PASSOnline/predict.php, was used to pre-
dict anthelmintic activity against F. hepatica using 
SMILES data for the test compound. The probabil-
ity of Pa and Pi varies between 0.000 and to1.000. 
PASS predictions are interpreted within a flexible 
range, namely: (i) Pa > Pi values are considered to 
have the possibility of being active; (ii) if Pa > 0.7, 
the probability of being experimentally active is high; 
(iii) if Pa >0.5 but <0.7, there is a chance that it will 
be experimentally active, but the compound may be 
different from the known active compound; (iv) if Pa 
<0.5 the chance of finding activity experimentally is 
low, but the chance of finding new chemical entities 
is high [36, 37].

The potential as an anthelmintic for trematodes 
is an average of 17 secondary metabolites of V. mer-
rilli fruit seeds based on the anthelmintic parameter 
score for F. hepatica worms shown by the way2drug 
webserver varying from 0 to 1, which shows the accu-
racy of the analysis [38]. The anthelmintic activity 
of certain compounds against F. hepatica was used 
to determine their Pa scores through QSAR analysis. 
The similarity of a compound’s structure increases its 
predictive power.

Molecular docking
Through molecular docking analysis, the thi-

oredoxin enzyme from the worm F. hepatica serves 
as the target, chosen due to QSAR method findings 
indicative of its role in the anthelmintic mechanism. 
Seventeen V. merrillii seed compound structures, 
downloaded from PubChem as “canonical SMILES” 
and converted to the pdb format, were used as test 

Table-1: Seventeen compounds of secondary metabolites of Veitchia merrillii fruit seeds [32, 34].

S. No. Compounds Canonical SMILES

1 Gallic acid C1=C (C=C (C(=C1O) O) O) C(=O) O
2 Pyrogallol C1=CC(=C (C(=C1) O) O) O
3 Caffeic acid C1=CC(=C (C=C1C=CC(=O) O) O) O
4 Vanillic acid COC1=C (C=CC(=C1) C(=O) O) O
5 Syringic acid COC1=CC(=CC(=C1O) OC) C(=O) O
6 Rutin CC1C (C (C (C (O1) OCC2C (C (C (C (O2) OC3=C (OC4=CC(=CC(=C4C3=O) 

O) O) C5=CC(=C (C=C5) O) O) O) O) O) O) O) O
7 Naringenin C1C (OC2=CC(=CC(=C2C1=O) O) O) C3=CC=C (C=C3) O
8 Limonene CC1=CCC (CC1) C(=C) C
9 cis‑β‑ocimene CC(=CCC=C (C) C=C) C
10 Allo‑ocimene CC=C (C) C=CC=C (C) C
11 Linalool oxide CC(=CCCC (C)(C1CO1) O) C
12 Linalool CC(=CCCC (C)(C=C) O) C
13 Methyl salicylate COC(=O) C1=CC=CC=C1O
14 Eucalyptol CC1(C2CCC (O1)(CC2) C) C
15 Palmitic acid CCCCCCCCCCCCCCCC(=O) O
16 Oleate acid CCCCCCCCC=CCCCCCCCC(=O) O
17 Linoleic acid CCCCCC=CCC=CCCCCCCCC(=O) O

Praziquantel (Control) C1CCC (CC1) C(=O) N2CC3C4=CC=CC=C4CCN3C(=O) C2
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ligands. The 2VIM pdb structure for thioredoxin 
enzyme was retrieved from www.rscb.org. The ini-
tial molecular docking process involved optimizing 
ligand and receptor structures through adding hydro-
gen atoms, partial energy, and adjusting the system 
energy to a minimum for maximum binding affinity. 
The MOE application’s site finder is used to trace the 
binding site of the 2VIM receptor during the docking 
process. A “site” matching the docking target reported 
by Shukla et al. [39] was chosen. The selected test 
ligands are then docked. ∆Gbinding values for dock-
ing results are displayed in a table and visualized 
in the form of 2-dimensional image (MOE LigPlot; 
Chemical Computing Group, Canada).

Sequence alignment and superposition of the 3D 
structures

Alignment was performed to observe the differ-
ences between the sequences that make up the thiore-
doxin enzyme between the worm species F. hepatica 
and the host Bos taurus using the sequence alignment 
method with the help of the web server https://www.
ebi.ac.uk/Tools/msa/clustalo/. Furthermore, the 3D 
thioredoxin enzyme structures of the two species were 
superimposed to observe differences in their geomet-
ric conformations.

Analysis of drug-likeness, absorption, distribution, 
metabolism, excretion, and toxicity of 17 metabolites 
of V. merrillii fruit seed compounds

Absorption, distribution, metabolism, and excre-
tion (ADME) analysis evaluates a compound’s poten-
tial behavior within the body, encompassing ADME. 
A compound’s suitability for oral drug administration 
can be determined by Lipinski’s rule of five, which 
states that a molecule must have a molecular mass under 
500 daltons, a LogP value below five, no more than 
five hydrogen donor bonds, no more than 10 hydrogen 
acceptor bonds, and a molar refraction between 40 and 
130. ADME and compound toxicity were predicted 
using the pkCSM (predicting small-molecule phar-
macokinetic properties using graph-based signatures) 
web server, as described by Pires et al. [40].
Results and Discussion
Anthelmintic treatment

The abomasum samples obtained from the 
Lambaro Aceh Besar slaughterhouse only found 
Paramphistomum spp. worms, so in vitro treat-
ment was only carried out on this type of worm. The 
results show that 40% ethanol extract of V. merrillii 
fruit seeds has the strongest anthelmintic power com-
pared with concentrations of 10% and 25% against 
Paramphistomum spp. worms. All worms died within 
80 min after soaking. These results were even better 
than those of the positive control. The anthelmintic 
power parameters observed were the motility and 
mortality scores of Paramphistomum spp. worms after 
being given ethanol extract of V. merrillii fruit seeds at 
30, 60, 90, and 100 min after incubation.

The negative control group demonstrated contin-
uous movement for all Paramphistomum spp. worms 
for 30, 60, 90, and 100  min following incubation 
(score 3). 30 min after incubation, all Paramphistomum 
spp. worms in the control group were still active 
(scores 3); 60 min after incubation, four worms had 
entire body movement (scores 3) and six had incom-
plete body movement (scores 2); 90 min after incu-
bation, four worms were alive with no movement 
(scores 1) and nine were died (scores 0); 100 min after 
incubation, one worm had no movement but was still 
alive (scores 1) and nine were died (scores 0).

Eight Paramphistomum spp. worms exhibited 
active movement (score 3) and two had partial move-
ment (score 2) during 30 min of incubation with 10% 
ethanol extract from V. merrillii fruit seeds. Six tails 
remained alive with no movement (score 1) while one 
worm died (score 0) within 60 min post-incubation. 
All worms (score 0) ceased to move at 90 and 100 min 
post-incubation.

Seven Paramphistomum spp. worms, with some 
part of their bodies still moving, were found in the 
group given 25% ethanol extract, while three worms 
remained alive with part of their bodies active during 
the 30-min incubation; however, one tail was only 
alive with part of the worm body moving, seven tails 
did not move but remained alive, and two tail worms 
were died after 60 min; unfortunately, all worms had 
died by 90 and 100 min.

In the group given 40% ethanol extract of V. mer-
rillii fruit seeds, three Paramphistomum spp. worms 
were found to still be actively moving throughout their 
bodies (score 3), and seven worms showed that they 
were still alive with part of the worm’s body moving 
(score 2) during the 30 incubation period; six worms did 
not move but were still alive (score 1), four worms died 
(score 0) during 60 min post-incubation, and all worms 
died (score 0) at 90 and 100 min post-incubation. The 
in vitro experiment results are presented in Table-2.

Table-2: Motility of Paramphistomum spp. worms in 
Veitchia merrillii fruit seeds extract and control.

Time (min) Score Treatment (n=10)

C0 C1 P1 P2 P3

30 3 10 10 8 7 3
2 2 3 7
1
0

60 3 10 4
2 6 3 1
1 6 7 6
0 1 2 4

90 3 10
2
1 4
0 6 10 10 10

100 3 10
2
1 1
0 9 10 10 10
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V. merrillii fruit seeds have been identified as 
rich sources of alkaloids, phenol-flavonoids, and tan-
nins, according to Balqis et al. [19]. Vafaei [34] iden-
tified gallic acid, vanillic acid, kaffic acid, syringic 
acid, nagarin, pyrogallol, and routine flavonoids as the 
constituents of V. merrillii seeds using HPLC analy-
sis. Tannins are polyphenolic compounds with astrin-
gent or protein-precipitating properties. Damaging the 
worm’s protein membrane with this ability leads to 
paralysis and death. Tannins can hinder the nutritional 
intake of worms by suppressing their digestive metab-
olism [41, 42]. Mali and Mehta [43] reported the uncou-
pling mechanism of oxidative phosphorylation and 
cuticular glycoprotein binding in A. galli worms. This 
mechanism may occur in F. hepatica. The root extract 
of Adhatoda vasica plant inhibits nerve impulses in 
A. galli worms, leading to paralysis [44]. Alkaloids 
enhance gastrointestinal contractility, amplifying 
peristaltic waves to expel parasites from the diges-
tive system [44]. V. merrillii seeds’ flavonoids inhibit 
the development of worms and filarial parasites [10]. 
Lakshmi et al. [45] reported antifilarial activity of 
naringenin, flavone, hesperetin, rutin, naringenin, and 
chrysin against Brugia malayiin. Against various par-
asites, triterpenoids demonstrate anthelmintic prop-
erties. According to Mali and Mehta [43], extracts 
from Mimusops elengi Linn contain triterpenoids and 
saponins which lead to paralysis and death of worms. 
Strychnos spinosa leaves’ triterpenoids were reported 
by Hoet et al. [46] to inhibit Trypanosoma brucei’s 
development in vitro. Previously, the insecticidal bio-
activity of A. indica leaf triterpenoids against Aedes 
aegypti mosquito larvae was proven by Siddiqui et al. 
[47].

Histopathological observations revealed ongo-
ing mortality effects. The intention was to exam-
ine organ damage in Paramphistomum spp. worms 
caused by V. merrillii fruit seed extract administration. 
25% and 40% V. merrillii seed extract-induced tegu-
ment damage in Paramphistomum spp., as evidenced 
by their thinned and disintegrated layers (Figure-1). 
The tegument layer significantly contributes with cru-
cial enzymes such as acid and alkaline phosphatases, 
amino peptidase, glutathione S-transferase, acetylcho-
line esterase, glucose transporter, serine hydrolase, 
and glycolytic enzymes [48]. The tegument layer, as 
a sensory organ, adapts to the environment by absorb-
ing exogenous food ingredients [49].

The PASS prediction web server was used 
to predict the biological activity of each test com-
pound. The main biological activity of 17 V. merrillii 
fruit seed compounds is enhanced by various mech-
anisms as revealed in Table-3. The Pa > Pi value in 
this study indicated the biological activity of all test 
compounds. The average anthelmintic Pa value, deter-
mined by anthelmintic activity, among the 17 test 
compounds was 0.340 (±0.123), falling within a range 
of 0.145–0.580. The linoleic acid compound had the 
greatest Pa value, while limonene had the least17 

V. merrillii seed compounds exhibit stronger anthel-
mintic potential than praziquantel, as determined by 
the QSAR method.

In Table-3, the prediction scores for the 17 metab-
olites’ roles in providing anthelmintic effects are cate-
gorized by three different colors. Compounds scoring 
above 0.5 in prediction are represented in dark green, 
0.3–0.5 in light green, and below 0.3in yellow. The 
cholinergic and neurotransmitter antagonistic proper-
ties of this agent enhance its potential as an anthel-
mintic, with prediction scores of 0.301 and 0.416, 
respectively. Oleic acid and pyrogallol exhibited the 
greatest cholinergic and neurotransmitter antagonist 
activities, with scores of 0.713 and 0.66, respectively. 
In worms, this cholinergic antagonist can induce mus-
cle paralysis and death. The two receptors identified 
by You et al. [50] are crucial for comprehending the 
mechanism of anthelmintic drugs through their effects 
on Schistosoma haematobium, Schistosoma mansoni, 
and Schistosoma japonicum. Inhibit the function of 
the ubiquinol-cytochrome c reductase enzyme. The 
QSAR prediction results show an average score of 
0.807, meaning that if the Pa score is >0.7, the chance 
of this mechanism being experimentally proven is 
very high [36, 37]. In the mitochondria of eukaryotic 
cells, the ubiquinol-cytochrome c reductase complex 
functions as an electron transfer enzyme during cel-
lular respiration. Suppressing ubiquinol-cytochrome c 
reductase function impairs sugar metabolism energy 
production.

Seventeen secondary metabolites of V. merrillii 
seeds, on average, demonstrated a greater ability to 
induce Ca+2 channels compared to praziquantel, with 
a score of 0.438 versus 0.125. Increased Ca+2 chan-
nel activity leads to endogenous Ca+2 release and 
tetanic contractions/paralysis in the worm. In the tape-
worm Hymenolepis diminuta, praziquantel induces 

Figure-1:Tegument of Paramphistomum spp. (a) Negative 
control. (b) 10% V. merrillii extract. (c) 25% V. merrillii 
extract. (d) 40% V. merrillii extract. The arrows indicate a 
damaged tegument. V. merrillii=Veitchia merrillii.
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contraction and expulsion from the digestive tract by 
eliciting endogenous Ca+2release from cells. In schis-
tosomes, this compound triggers muscle contractions 
and paralysis, as well as the creation of balloon-like 
structures on the surface of the tegument that serve as 
antigens for antibodies and are subject to phagocytosis. 
Seventeen secondary metabolites of V. merrillii seeds, 
on average, exhibit considerable potential as apop-
totic agonists, with a Pa score of 0.620. The caspase-3 
stimulant and TP53 expression enhancer mechanisms 
increased the potency of the apoptosis agonist, as indi-
cated by Pa scores of 0.512 and 0.709. Thioredoxin 
enzyme activity inhibition is a reported mechanism 
for anthelmintic medications [39]. Seventeen second-
ary metabolites of V. merrillii seeds have an average 
Pa score of 0.543 for inhibiting thioredoxin enzyme 
activity (Table 3).
Molecular docking

Seventeen V. merrillii compounds’ anthelmintic 
potential was confirmed using molecular docking with 
trematode worms. Based on the thioredoxin model 
by Shukla et al. [39], the thioredoxin enzyme was 
selected as the molecular docking target. A 3D model 
of F. hepatica worm’s thioredoxin enzyme is acces-
sible online at https://www.rcsb.org/structure/2VIM. 
Paramphistomum spp. worms and their enzyme’s 
amino acid sequence have not been identified yet. In sil-
ico studies were exclusively conducted on F. hepatica.

Previously, thioredoxin ligands and enzymes 
were prepared with minimum system energy by add-
ing hydrogen atoms, partial charges, and conditioning 
the system. Next, the “binding site” area was identified 
using MOE software “site finder.” Given the absence 
of a native ligand for the downloaded thioredoxin 
2VIM receptor, the molecular docking was carried out 
utilizing the “blind docking” technique at the reported 
target “binding site” [39]. ∆Gbinding (kcal/mol) indi-
cates the energy released upon ligand-receptor inter-
action, while its visualization reveals the orientation 
and position of the inhibitor.

The results indicate that the test ligands, 
including the routine compound with the stron-
gest inhibitory effect (−11.65 kcal/mol), gallic acid 
(−11.07 kcal/mol), caffeic acid (−9.75 kcal/mol), and 
eucalyptol (−5.59 kcal/mol), all demonstrate poten-
tial as thioredoxin enzyme inhibitors. The stronger 
the affinity between an enzyme and its ligand, the 
more negative the ∆Gbinding value. The strength of 
this affinity is directly proportional to the value of the 
inhibition constant (Ki), which indicates the level of 
the compound’s ability to inhibit the activity of the 
target enzyme [51, 52].

Seventeen V. merrillii compounds, based on molec-
ular docking, exhibited strong anthelmintic potential, as 
evidenced by a ∆Gbinding value of −7.45 kcal/mol for 
praziquantel as a control. The strength of the ligand-re-
ceptor complex interaction is significantly affected by 
the presence of hydrogen bonds. Only those compounds 

with the strongest binding affinity form hydrogen bonds 
with thioredoxin. The docking results obtained from the 
complete value of ΔGbinding17 bioactive compounds 
are shown in Table-4 and Figure-2.

The molecular docking results demonstrate the 
efficacy of 17 V. merrilli compounds as potential 
anthelmintics against F. hepatica in cattle (Bos tau-
rus). Instead of docking the F. hepatica worm’s mol-
ecule with the thioredoxin enzyme, alignment of their 
sequences and superposition of their 3D structures 
through the thioredoxin enzyme can suffice for com-
parison. Seventeen V. merrillii metabolites may inhibit 
thioredoxin enzyme in cattle as they do in F. hepatica. 
The thioredoxin enzyme’s crucial function in main-
taining redox homeostasis, proliferation, and DNA 
synthesis [53–56] in cattle renders them susceptible 
to difficulties. According to Figure-3, sequence align-
ment and 3D structure superposition of thioredoxin 
enzyme from these two species reveal no similarities.
Lipinski’s rule analysis

Lipinski’s rule applies to orally administered 
active compounds. Lipinski’s rule parameters, which 
measure the solubility and intestinal permeability of 
compounds in the gastrointestinal tract, serve as the 
foundation for estimating the oral bioavailability of 
active substances [57]. The test compound can meet 
Lipinski’s rules except for one parameter. The rules 
that must be met are log p ≤5, molecular weight 
≤500 g/mol, hydrogen bond donor ≤5, and hydrogen 
bond acceptor ≤10 [58]. Table-5 presents the Lipinski 
parameters for 17 V. merrillii metabolite compounds.
Prediction of absorption, distribution, metabolism, 
and toxicity

Predicting pharmacokinetic and toxic properties 
through the web-based pkCSM platform is crucial 
to prevent costly and unnecessary drug development 

Figure-2: Visualization of molecular docking of five 
secondary metabolites of Veitchia merrillii with the 
strongest affinity compared with the praziquantel control 
for the Fasciola hepatica thioredoxin enzyme.
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failures. Seventeen secondary metabolites of 
V. merillii seeds’ ADME and toxicity predictions are 
presented in Table-6. The human intestinal absorption 
value and Caco-2 cell permeability were the absorp-
tion predictions evaluated. Plasma protein binding 

(PPB), cytochrome P450 (CYP) inhibitor metabolic 
profile, and toxicity (AMES and hepatotoxicity tests) 
were assessed. The absorption, distribution, metabo-
lism, and toxicity data are presented in Table-6. The 
HIA value measures the extent of intestinal absorption 

Figure-3: Sequence alignment and superposition of the 3D structure of Fasciola hepatica thioredoxin (cyan) with Bos 
taurus (yellow).

Table-4: ∆Gbinding and hydrogen bonds of 17 compounds in V. merilli fruit seeds 

Compounds PubChem CID ∆Gbinding(kcal/mol) Hydrogen bond

Gallic acid  370 –11,0716 Met 1(2x), Pro 49, Val 51
Pyrogallol 1057 –9,2807 Pro 49, Val 51, Glu 52
Caffeic acid  689043 –9,7496 Met 1(2x), Arg 20
Vanillic acid  8468 –8,4007 Asn 17, Pro 49
Syringic acid 10742 –8,3156 Met 1, Ala 45
Rutin 5280805 –11,6546 Asn 17, Ala 45(2x)
Naringenin 439246 –8,8228 Val 51
Limonene 22311 –5,8445 -
cis-β-ocimene 5320250 –5,6785 -
Allo-ocimene 5368821 –5,5986 -
Linalool oxide 102611 –7,6026 Arg 2, Asn 17, Glu 52
Linalool 6549 –7,7762 Met 1(2x)
Methyl salicylate 4133 –7,6671 Val 51
Eucalyptol 2758 –5,5880 -
Palmitic acid 985 –8,8364 Met 1(2x), Ala 45
Oleic acid 445639 –7,3524 Met 1(2x)
Linoleic acid 5280450 –7,4306 Val 51
Praziquantel (Control) 370 –7,4473 -

Table-5: Lipinsks rule parameters for 17 secondary metabolite compounds of Veitchia merrillii fruit seeds.

Compounds Molecular weight 
(<500 g/mol)

LogP (<5) Hydrogen bond Lipinski’s rules of five

Donor (<5) Acceptor (<10)

Gallic acid 170.12 0.5 4 5 Yes
Pyrogallol 126.11 0.97 3 3 Yes
Caffeic acid 180.16 0.97 3 4 Yes
Vanillic acid 168.15 1.40 2 4 Yes
Syringic acid 198.17 1.54 2 5 Yes
Rutin 610.52 1.58 10 16 No
Naringenin 272.75 1.75 3 5 Yes
Limonene 136.23 2.72 0 0 Yes
cis‑β‑ocimene 136.23 2.80 0 0 Yes
Allo‑ocimene 136.23 2.93 0 0 Yes
Linalool oxide 170.25 2.56 1 2 Yes
Linalool 154.25 2.70 1 1 Yes
Methyl salicylate 152.15 2.03 1 3 Yes
Eucalyptol 154.25 2.58 0 1 Yes
Palmitic acid 256.42 3.85 1 2 Yes
Oleic acid 282.46 4.27 1 2 Yes
Linoleic acid 280.45 4.14 1 2 Yes
Praziquantel (control) 312.41 3.00 22 2 Yes
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of an active substance in humans. A compound is cat-
egorized as being well absorbed if the % HIA value 
is in the range of 70%–100%, adequate in the range 
of 20%–70%, and poor in the range of 0%–20% [59]. 
Fifteen compounds exhibit desirable HIA values, and 
2 of them fall within the 20%–70% range. Eucalyptol 
had the highest HIA value, at 96.51%, while routine 
had the lowest, with only 23.45%. The in vitro oral 
absorption of active substances was predicted using 
Caco-2 cell modeling. In the pkCSM model, a Caco-2 
cell permeability value >0.9 × 10−6 cm/s is indicative 
of high permeability. There are 11 of 17 compounds 
with values >0.9 × 10−6 cm/s, whereas there are five 
compounds with values <0.9 × 10−6 cm/s, namely, gal-
lic acid, syringic acid, caffeic acid, vanillic acid, and 
routine.

A PPB value above 90% indicates strong pro-
tein binding while below 90% indicates weak protein 
binding, enabling effective drug distribution [40]. 
According to Table-6, naringenin has a PPB value 
exceeding 90%. The blood–brain barrier (BBB) is 
another distribution parameter. A drug’s concentration 
in the brain is signified by its BBB value. Determining 
the drug’s capacity to permeate the BBB relies on this 
parameter. Molecules with values >0.3 in the pkCSM 
predictive model are assumed to readily cross the 
BBB, whereas those below −1 are poorly distrib-
uted in the brain. Allo-ocimene produces the highest 
BBB value of 0.746, allowing it to penetrate the BBB 
among the five identified compounds (Table-6).

A drug’s metabolic characteristics are assessed 
based on its ability to inhibit cytochrome enzymes. 
CYP isozymes, a superfamily accounting for signif-
icant drug elimination through metabolic biotransfor-
mation [60]. There are five main isoforms of CYP450, 
including CYP1A, CYP2C19, CYP2C9, CYP2D6, 
and CYP3A4 [40]. Pharmacokinetic-related drug 
interactions leading to toxic side effects or unwanted 
drug reactions are often caused by the inhibition of this 
specific isoenzyme [61]. The CYPenzyme’s main iso-
form may be influenced by naringin compounds, pal-
mitic acid, oleic acid, and linoleic acid (Table-6). The 
safer induction/inhibition of cytochrome enzymes is 
estimated compared to the praziquantel control, which 
can induce/inhibit multiple types of cytochromes.

The AMES test assesses carcinogenic potential 
in the toxicity profile. The AMES test evaluates bacte-
ria’s susceptibility to a compound’s mutagenic effects. 
A positive test indicates that the compound is muta-
genic and, therefore, may act as a carcinogen [62]. Be 
cautious of the mutagenic or carcinogenic potential of 
the caffeic acid and allo-cimene compounds during 
therapy (Table-6).
Conclusion

This study found that in vitro V. merrillii seed 
extract killed trematode worms in Paramphistomum 
spp. by inducing mortality and damaging their teg-
ument. The seeds of V. merrillii exhibit in silico 

anthelmintic activity against F. hepatica similar to 
that of praziquantel, employing multiple mechanisms, 
including microtubule inhibition, Ca+2 channel activa-
tion, thioredoxin inhibition, caspase three stimulation, 
apoptosis induction, ubiquinol-cytochrome c reduc-
tase inhibition, neurotransmitter action, and cholin-
ergic antagonism, as verified by QSAR analysis. The 
thioredoxin enzyme is inhibited more effectively by 
most compounds in V. merrillii seeds, as shown by 
molecular docking studies. According to Lipinski’s 
rule analysis, all compounds except for rutin are suit-
able for oral administration. The seeds of V. merrillii 
show promise as an anthelmintic for trematode worms 
from potential plant sources.
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