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Haplorchis taichui is the minute intestinal fluke (MIF), presents a significant public health concern in
Thailand. Despite praziquantel (PZQ) being the main treatment, concerns over recurrent use and drug
resistance have surfaced. Thus, local herbal alternatives effective against gastrointestinal parasites could
be crucial for reducing issues, necessitating exploration of herbal sources for alternative treatments.
The objective of this study is to evaluate the efficacy of crude extracts from Allium sativum, Thunbergia
laurifolia, and Eurycoma longifolia against H. taichui newly excysted juveniles (NEJ). H. taichui NEJs were
exposed to varying concentrations of A. sativum (5, 10, and 20 mg/ml), T. laurifolia, and E. longifolia
(100, 200, and 400 mg/ml), alongside PZQ (20 mg/ml) and RPMI culture medium as controls. Motility
assessment at different exposure times and morphological surface changes were conducted by scanning
electron microscopy (SEM). Treatment with A. sativum, T. laurifolia, and E. longifolia inhibited motility
in H. taichui NEJs, resulting in reduced relative motility (RM) values and survival index (Sl). Significant
differences were noted in A. sativum and E. longifolia treated groups, with T. laurifolia showing no
significant differences compared to the negative control. Morphological damage, especially tegumental
swelling, was evident across all treatment groups, notably severe in the A. sativum group. These findings
suggest the potential effectiveness of crude extracts of A. sativum, T. laurifolia, and E. longifolia against
H. taichui NEJs. However, further investigations are necessary to understand their mechanisms and
key bioactive compounds for developing effective anti-parasitic agents against helminthic infections.

Keywords: Allium sativum; Thunbergia laurifolia; Eurycoma longifolia; crude extracts against-parasite;
Haplorchis taichui.

INTRODUCTION

Foodborne trematodes, specifically the minute intestinal fluke (MIF)
Haplorchis taichui, are prevalent in Thailand, posing a significant
public health challenge, particularly among low to middle-income
populations (Chai & Jung, 2022). The most recent extrapolation
estimates a global prevalence of foodborne trematode infections at
74.7 million individuals as of 2015-2016, with an annual increase of
0.2 million new cases (Furst et al., 2019). In Thailand, the status of
MIF indicates an overall infection rate of 1.31% (Wattanawong et al.,
2021). Astudy conducted in the northern and northeastern regions
of Thailand observed a substantial prevalence of MIF infection,
reaching 44.80% (56/125) in freshwater fish (Myint et al., 2022).
Human infection with H. taichui occurs through the consumption of
raw or undercooked fish containing the infective stage metacercaria,
notably in traditional dishes such as Koi pla, Pla som, and Pla ra in
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Northeastern Thailand. Despite praziquantel (PZQ) being the primary
treatment choice for MIF, it has been the mainstay of therapy since
its introduction as a broad-spectrum anthelmintic in 1975 for the
treatment of human-infecting trematodes and cestodes (Cioli & Pica-
Mattoccia, 2003). The first report of PZQ resistance in Schistosoma
mansoni infected mice was published by Fallon and Doenhoff
(1994). PZQ resistance is a complex issue, and studies investigating
potential drug resistance mechanisms in S. mansoni may involve
drug efflux mechanisms. (Wang et al., 2012; Summers et al., 2022)
Additionally, the emergence of side effects associated with PZQ
treatment continues to be a concern (Erko et al., 2012). Currently,
research on drug resistance in intestinal trematode parasites has
not included studies on PZQ resistance. Furthermore, there are no
anti-intestinal trematode drugs undergoing clinical trials in humans.
Therefore, investigating effective herbal remedies against intestinal
trematode parasites presents an alternative approach to reducing
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reliance on chemical treatments, which may lead to resistance and
adverse effects in the future. Previously, studies have found that the
bioactive compounds, including tannins, flavonoids, and alkaloids,
are renowned for their effectiveness against various parasites
(Mushtaq et al., 2018). Thus, locally available herbal alternatives
that are effective against gastrointestinal parasites may be a crucial
option for reducing issues. Therefore, there is a necessity to explore
herbal sources for alternative gastrointestinal parasites infection.

Promising avenues for further research include the exploration
of Allium sativum (Garlic), a traditional treatment with a rich history
of use against various illnesses. A. sativum’s primary bioactive
components, such as diallyl disulfide, s-allyl cysteine, methyl
cysteine, and allicin, exhibit potent antibacterial, anticancer,
and antiparasitic effects. Notably, allicin, extensively studied,
demonstrates therapeutic potential against cardiovascular diseases,
provides antioxidant effects, and offers protection to the liver
from toxins and alcohol (Rabinkov et al., 1998; Corzo-Martinez et
al., 2007). The efficacy of A. sativum is extensively documented
in both in vivo and in vitro studies, particularly highlighting its
inhibitory effects on helminths. A. sativum has proven effective
against Haemonchus contortus nematodes in ruminant animals
(Palacios-Landin et al., 2015), Anisakis sp. in marine fish (Morsy
et al., 2021), and Gyrodactylus turnbulli, a monogenean parasite
(Schelkle et al., 2013). Previous studies indicated the influence
of A. sativum on Schistosoma mansoni, including adult wormes,
cercaria, schistosomula, and miracidia stages (Mantawy et al., 2012;
Schelkle et al., 2013; Aly et al., 2017; Cort's et al., 2017). A. sativum
has been found to enhance the immune response in mice infected
with S. mansoni (El Shenawy et al., 2008; Mantawy et al., 2011,
2012; Metwally et al., 2018). Furthermore, A. sativum extract has
demonstrated an impact on the morphological damage of Fasciola
gigantica (Singh et al., 2009).

On the other hand, Thunbergia laurifolia (Rang Chuet) is widely
used for detoxification from lead poisoning or other toxins (Palipoch
et al., 2011). The significant compounds such as rosmarinic acid
(RA), apigenin, caffeic acid, allic acid, protocatechuic acid, and
various vitamins have been identified. The several reports have
been reported that apigenin bioactive compound in T. laurifolia has
antioxidant and anti-cancer properties (Oonsivilai et al., 2007; Chan
etal., 2010). The previous report showed that T. laurifolia fresh and
dried T. laurifolia solutions that clearly reduced the inflammatory
cells in hamster infection with O. viverrini Moreover, T. laurifolia
extract combined with PZQ to reduced inflammatory cell aggregation
and inhibiting cholangiocarcinoma (CCA) development, which
were correlated to the serum Alanine transaminase (ALT) level of
O. viverrini infection in hamster (Wonkchalee et al., 2012, 2013).

Moreover, Eurycoma longifolia (Pla Lai Puek) is the one of
tropical herbal medicinal plants in Southeast Asian countries,
has potential in aphrodisiac, anti-malarial, anti-cancer, and anti-
microbial (Ur Rehman et al., 2016). The quassinoids, cathin-6-one
alkaloids, squalene type triterpenes, tirucallane-type triterpenes,
and biphenyl neolignans are several major bioactive compounds
that were reported in E. longifolia (Bhat & Karim, 2010). Previous
studies have documented the effects of E. longifolia extract on
various parasites. Specifically, its impact on Blastocystis sp. (Girish
et al., 2015), effects on alterations in the cell wall of Toxoplasma
gondii (Kavitha et al., 2012a, 2012b). The extract has also shown
anti-plasmodial activity against Plasmodium falciparum, both in vitro
and in vivo (Jiwajinda et al., 2002; Chan et al., 2004; Kuo et al., 2004;
Mohd Ridzuan et al., 2005; Hout et al., 2006; Sriwilaijaroen et al.,
2010). Furthermore, it has been reported that E. longifolia extract
reduces the movement and egg-laying of Schistosoma japonicum
(Jiwajinda et al., 2002).

Therefore, the objective of this investigation is to evaluate the
effectiveness of extracts obtained from A. sativum, T. laurifolia, and
E. longifolia against newly excysted juvenile flukes (NEJ) of H. taichui.
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Evaluation criteria include relative motility (RM) and survival index
(SI) at different time intervals, along with morphological surface
changes assessed through scanning electron microscopy (SEM).
Thus, the examination of crude extracts from A. sativum, T. laurifolia,
and E. longifolia represents a crucial step in identifying promising
herbal candidates for the potential development of alternative
therapeutic agents for parasitic infections.

MATERIALS AND METHODS

Ethical approval

The present study obtained Bio Ethics clearance from the Ethics
Committee of the Institute of Research and Development, Suranaree
University of Technology (SUT), Thailand, with reference number,
No. SUT-IBC-16/2021. The research was conducted between January
2022-January 2023.

Parasite preparation

H. taichui metacercariae were obtained from naturally infected
cyprinid fish in an endemic area of Chaiyaphum Province,
Northeastern Thailand. Fresh cyprinid fish were subjected to
digestion in a 0.25% Pepsin-Hydrochloric acid solution, followed by
incubation at 37°C for 1-2 hours. Subsequently, the resulting solution
underwent filtration and centrifugation using a 0.85% normal saline
solution (NSS) in a sedimentation jar. Identification of metacercariae
was performed based on their morphological characteristics
observed under a stereomicroscope. The H. taichui metacercariae
were elliptical and had a baseball glove-shaped ventrogenital sac
with rodlets and an O-shaped excretory bladder occupying large
portion of posterior body (Phyo Myint et al., 2020). H. taichui
metacercariae were excysted in 0.25% trypsin in 1x phosphate
buffer saline (PBS) supplemented with 2x200 U/ml penicillin, 200
pg/ml streptomycin for 5-15 mins at 37°C atmosphere to obtained
H. taichui NEJs for the experiment (Arunsan et al., 2019).

Crude extract preparation

The A. sativum was collected from a local market in Nakhon
Ratchasima Province (Figure 1a). T. laurifolia leaves was harvested
in the Nakhon Ratchasima Province (Figure 1b). The roots of
E. longifolia crude was purchased from local herbal shop that
adheres to standards (Figure 1c), with dried roots ground into
powder. The aqueous solvent was used as the extraction solvent to
minimize interference in this test. Pressing extraction of A. sativum
effectively preserves allicin (Curtis et al., 2004; Bar et al., 2022), and
dehydration during powdering does not destroy key compound of
A. sativum (Khorshed & Obydul Hog, 2016). The aqueous extract
of T. laurifolia leaves yields key bioactive compounds such as
apigenin, apigenin glucosides, and phenolic acids (Oonsivilai et al.,
2007; Chan et al., 2011). Additionally, the aqueous extract from
E. longifolia roots is a valuable source of phytochemicals, including
eurycomanone, proteins, polysaccharides, and glycosaponins (Farag
etal., 2022).

A. sativum cloves were meticulously peeled and washed
with filtered water to remove any dust or particulate matter. One
hundred fifty grams of cloves were ground, and A. sativum water
was extracted by pressing it through three layers of gauze. A. sativum
water underwent centrifugation at 5,000 RPM for 10 minutes to
collect the supernatant, which was further filtered using Whatman
filter No.1. The resulting liquid was then subjected to freeze-drying
to yield a powdered extract (Labconco Free Zone Dry®, Kansas, USA)
under conditions of 133x103 mBar for 48 hours. The powdered
extract was stored at -20°C until used.

The fresh leaves of T. laurifolia, weighing 1 kg, were washed
with distilled water, loosely labeled, and subsequently placed in
a hot air oven at 60°C for approximately 24 hours. Subsequently,
the material was finely ground into a powder using a grinder. The
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Figure 1. (a) A. sativum cloves, (b) T. laurifolia leaves, (c) E. longifolia dried roots.

extraction was performed using the same method. The powders
of T. laurifolia leaves and E. longifolia roots were each weighed
at 10 g. and then dissolved in 40 ml of distilled water (DW) in
separate 50 ml tubes. Each mixture was incubated in shaking water
bath at 140 rpm and 25°C for 15 minutes (Memmert WTB50®,
Schwabach, Germany). The resulting solution was then subjected to
centrifugation at a speed of 3000 g for 3 minutes (Hermert Z446K®,
Fujian, China). The supernatant was carefully collected, and an
additional 40 ml of distilled water was introduced, repeating steps
3-5 twice. The combined supernatant was subsequently processed
through filtration using Whatman filter paper No. 1. The resultant
extract underwent evaporation to eliminate water content utilizing
(Rotavapor R-300® Flawil, Switzerland) until a concentrated extract
was achieved, followed by freeze-drying to produce a powdered
extract (Labconco Free Zone Dry®, Kansas, USA) under conditions
of 133x10-3 mBar for 48 hours. The resulting powdered extract was
stored at-20°C until used. The percentage yield of each crude extract
was determined using the formula below (Abbas et al., 2021).

Weight of the extract (g) x100

Yield (%) = (1)

Dried extract weight

In preliminary tests, A. sativum crude extract was chosen at
concentrations of 5-20 mg/ml, while T. laurifolia and E. longifolia
extracts were selected at 100-400 mg/ml. A. sativum has been
studied against various parasites, especially trematodes, with in vitro
concentrations ranging from 0.1 to 100 mg/ml and in vivo from 5 mg/
kg to 2 g/kg (El Shenawy et al., 2008; Singh et al., 2009; Mantawy
etal., 2011, 2012; Jeyathilakan et al., 2012; Riad et al., 2013; Aly et
al., 2017; Metwally et al., 2018). T. laurifolia reduced inflammation
in hamsters infected with O. viverrini at 100 mg/kg/day for 30 days,
though no in vitro studies exist (Wonkchalee et al., 2012, 2013).
E. longifolia has been investigated for quassinoid compounds against
S. japonicum at 2, 20, and 200 uM (Jiwajinda et al., 2002), but no
in vitro antiparasitic studies on other trematodes have been
reported.

Anthelmintic activity

H. taichui NEJs were allocated into five distinct groups of each herb
(5 NEJs/group, duplicate in each group): Group 1 received RPMI-1640
culture medium, while group 2 was treated with the standard drug
PZQ at a concentration of 2 mg/ml (a concentration approximately
80-100 from 25 mg/kg orally as a single dose standard treatment).
Groups 3 to 5 received treatments with varying concentrations of
A. sativum crude extract (5, 10, and 20 mg/ml) and T. laurifolia
and E. longifolia crude extracts (100, 200, and 400 mg/ml). All
treatments were diluted in RPMI culture medium and supplemented
with 100 pg/ml of streptomycin antibiotic. All groups were exposed
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at different time intervals (0, 10, 20, 30 minutes, 1, 2, 3, 6, and
12, hours) under 37°C atmosphere. The motility was assessed by
examining H. taichui NEJs under a stereomicroscope and scored
based on the criteria established by Jiraungkoorskul et al. (2005)
(3 = moving whole body, 2 = moving only parts of the body, 1 =
immobile but alive, and 0 = died).

The RM value was computed based on the motility scores
across all experimental groups. Notably, the negative control group,
where all parasites were scored 3, demonstrated an RM value of
100. Accordingly, a diminished RM value observed in the all-treated
group suggested a more robust inhibition of motility due to the A.
sativum, T. laurifolia, and E. longifolia crude extract. The RM values
were determined employing the formula detailed below (Kiuchi et
al., 1987; Lorsuwannarat et al., 2013).

2nN

Motility index (MI) = (2)

Ml test x 100

Relative motility (RM) value = (3)

Ml control

n = motility score,
N = number of worms with the score of “n”

The Sl was calculated to determine the percentage of live worms
at a specific time after incubation. Worms that exhibited a motility
score of O were classified as died, whereas those with other scores
(3,2, and 1) were regarded as still alive. The Sl was calculated using
the formula provided below (Kiuchi et al., 1987; Lorsuwannarat et
al., 2013).

Number of live worm

(each group)

% Survival index (SI) = x 100

(4)

Total worm (each group)

Morphological study

The evaluation of morphological damage in H. taichui NEJs, following
12 hours of incubation, was performed using SEM. Subsequently,
the H. taichui NEJs underwent multiple washes with distilled water
(DW). The specimens were fixed overnight in a glutaraldehyde
fixative solution at 4°C. Following fixation, the worms underwent
three sequential 10-minute washes with DW. Post-fixation involved
immersion in a 1% osmium tetroxide fixative solution in 0.1 M
PBS with a pH of 7.2 for 1 hour, followed by three 10-minute DW
washes. Subsequently, the samples were dehydrated through a
series of graded acetone solutions (30%, 50%, 70%, 90%, 95%, and
100% alcohol) in two cycles. They were then desiccated using a
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critical point dryer (Leica CPD 300°® Vienna, Austria), coated with a
layer of gold using an Au ion sputtering device on conductive tape,
and examined under scanning electron microscopy (FESEM/Carl
Zeiss Auriga® Dresden, Germany) at an electric high tension 3.00
Kilovolt (kV).

Data analysis

The RM values and Sl were analyzed through the respective formulas,
the RM values indicated stronger extract activity, while the survival
indices reflected the percentages of live flukes at a given time post-
treatment (Lorsuwannarat et al., 2013). Mean scores and standard
deviations of motility were calculated for each group. Data analysis
was performed using IBM SPSS Statistics 26 (SPSS Inc., Chicago, USA)
with a One-Way ANOVA conducted among groups to compare the
mean motility scores. Statistical significance was determined by a
P-value < 0.05.

RESULTS

Motility test and viability assay

The specified time interval was reached, parasites were observed
for motility scoring and calculated RM and Sl value (Figure 2a and
Figure 2b). This study will highlight the differences in the extracts
of A. sativum, T. laurifolia, and E. longifolia at their maximum
concentrations (20, 400, and 400 mg/ml, respectively). The results
at other concentrations are presented in Table 1. The negative
control group exhibited normal motility at 0 minutes and initiated
slight movement at 10 minutes, continuing until the conclusion of
the experiment at 12 hours (RM = 100 and S| = 100). The positive
control group was observed that the H. taichui NEJs exhibited
normal motility at 0 minutes (RM = 100 and SI = 100). However, at
10 minutes, the parasites began to rapidly decrease their movement
(RM =100 and SI = 66.67). There was a slight increase in the rate
at 20 minutes, followed by a continuous decline at 30 minutes, 1
hour, 2 hours, 3 hours, and 6 hours (RM = 70.00, 62.50, 62.50, 50.00,
50.00, and 50.00, with SI = 100 at all concentrations, respectively).
The movement was ceased entirely at the 12-hour mark (RM =0
and Sl = 0). A. sativum treated group at a concentration of 20 mg/
ml, it was observed that when the parasites encountered the herbal
extract, they began to exhibit a reduction in movement (RM =66.67
and Sl =100) at 10 minutes. Subsequently, there was a slight increase
in the rate of movement (RM =90.00 and SI = 100) at 20 minutes.
However, the parasites showed a rapid decrease in motility (RM =
62.50, 50.00, and 25.00, with SI = 100) at 30 minutes, 1 hour, and 2
hours. The movement was ceased entirely at 3 to 12 hours (RM =0
and Sl =0). T. laurifolia treated group at a concentration of 400 mg/

ml, it was observed that when the parasites were exposed to the
extract at 0, 10, 20, and 30 minutes, the parasites initially exhibited
normal motility, followed by a slight decrease (RM = 100 and S| =
100). However, the parasites consistently showed a steady decline
in motility (RM = 50.00, 50.00, 50.00, and 25.00, with SI = 100) at
1 to 3 hours. There was another reduction in movement (RM =
25.00 and SI = 50.00) at 6 hours, leading to complete cessation of
motility at 12 hours (RM = 0 and SI = 0). E. longifolia treated group
at a concentration of 400 mg/ml, it was observed that when the
parasites were exposed to the extract at 0 minutes, they exhibited
normal motility (RM = 100 and SI = 100). However, at 10 and 20
minutes, the parasites displayed initially normal movement, followed
by a rapid reduction (RM = 66.67 and Sl = 100). Between 20 and
30 minutes, there was a slight resurgence in parasite activity (RM =
80.00 and 100.00, with SI = 100). Subsequently, at 1, 2, and 3 hours,
the parasites exhibited a rapid decline in motility (RM =50.00, 50.00,
and 50.00, with SI = 100). At 6 hours, there was another decrease
in movement (RM = 25.00 and SI = 50.00), leading to complete
cessation of motility at 12 hours (RM = 0 and SI = 0).

A comparative analysis indicated significant differences between
the average motility scores of the negative control group and those
of both the A. sativum and E. longifolia treated groups. Conversely,
no significant differences were observed between the negative
control group and the T. laurifolia treated group. Furthermore,
no significant differences were noted among the positive control
group and the A. sativum, E. longifolia, and T. laurifolia treated
groups (p < 0.05) (Figure 3). Additionally, no significant differences
were observed among the average motility scores across the crude
extracts of A. sativum, E. longifolia, and T. laurifolia; there were also
no significant differences within the same crude extract (p < 0.05).

Surface morphological changes

The surface morphological changes of H. taichui NEJs were assessed
using SEM post of treatment for 12-hour. The tegumental surface of
H. taichui NEJs in the negative control group were showed normal of
tegumental sureface, illustrates the surface around the oral sucker
(Os) presence the normal of sensory papillae (Pa). The anterior
region showcasing prominent large spines and posterior (Po) region
displays the smaller size of the spines (Ss) (Figure 4a-d). The positive
control group treated with a 2 mg/ml PZQ solution, the tegumental
surface of H. taichui NEJs (Os). Furthermore, the overall tegument
of the body showed mild swelling, particularly along the edges
of both large spines (Ls) and small spines (Ss) (Figure 4e-h). The
A. sativum treated group (20 mg/ml) was presented the tegumental
surface of H. taichui NEJs displaying morphological abnormalities
to show pronounced swelling. The observation extended to the
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Figure 2. (a) The RM values and (b) SI of H. taichui NEJs were evaluated following treatment with 20 mg/ml A. sativum crude extract, 400
mg/ml T. laurifolia crude extract, and 400 mg/ml E. longifolia crude extract. The results demonstrated a decrease in both RM values and
Sl over time compared to both negative and positive controls, across various time intervals.
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Figure 3. Motility scores exhibited statistically significant differences between the negative control group, treated with A. sativum,
and crude E. longifolia extract, while no significant differences were observed between the negative control group and those treated
with T. laurifolia extract. Conversely, no statistically significant differences in mean motility scores were observed among the positive
control group and all treatment groups (P < 0.05).
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Figure 4. Tegumental surface of H. taichui NEJs was examined 12 hours post-incubation across all experimental groups. (a), (b), (c), and
(d) Negative control group, scale bar=30, 20, 5 and 5 um, respectively. (e), (f), (g), and (h) Positive control group, scale bar=20, 5, 5, 20
um, respectively. (i), (j), (k), and (I) A. sativum treated group at a concentration of 20 mg/ml, scale bar=50, 20, 5, and 5 um, respectively.
(m), (n), (0), and (p) T. laurifolia treated group at a concentration of 400 mg/ml, scale bar=50, 20, 5, and 5 um, respectively. (q), (r),
(s), and (t) E. longifolia treated group at a concentration of 400 mg/ml, scale bar=50, 20, 5, and 5 um, respectively. Abbreviations; *
=Swelling area, Os = Oral sucker, Pa = Papillae, Po = Posterior region, An = Anterior region, Ls = Large spines, and Ss = Small spines.
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entire tegument of the body, where noticeable swelling was evident,
particularly along the edges of both large spines (Ls) and small spines
(Ss) (Figure 4i-1). In the T. laurifolia treated group (400 mg/ml), the
tegumental surface of H. taichui NEJs displaying morphological
abnormalities exhibited a swollen appearance covered with blebs
around the oral sucker exhibited a pervasive swelling of the body
tegument. The swelling was evident across the entire tegument of
the body, with notable prominence along the edges of both large
spines (Ls) and small spines (Ss), as well as around the oral sucker
(Os) (Figure 4m-p). The E. longifolia treated group (400 mg/ml),
the tegumental surface of H. taichui NEJs displaying morphological
aberrations showed a comprehensive swelling and damage of the
body tegument. The overall tegument of the body exhibited swelling
along the edges of large spines (Ls) in the posterior region and small
spines (Ss) in the ventral sucker (Vs) region (Figure 4g-t).

DISCUSSION

This study represents the effect of A. sativum, T. laurifolia, and
E. longifolia crude extract on a gastrointestinal fluke, H. taichui NEJs.
Exposure to A. sativum, T. laurifolia, and E. longifolia resulted in a
substantial reduction in motility among H. taichui NEJs, leading to
notable decreases in both relative RM values and SI. Noteworthy
distinctions were observed between the A. sativum and E. longifolia
treatment groups, where in T. laurifolia demonstrated no significant
variations compared to the negative control. When compared to
the positive control group, it was found that the groups treated
with extracts of A. sativum, T. laurifolia, and E. longifolia did not
exhibit statistically significant differences, indicating comparable
efficacy to the PZQ standard drug. Additionally, the current findings
align with the research conducted by Lorsuwannarat et al. (2013),
which examined the in vitro anthelmintic effects of plumbagin
on S. mansoni. In their study, the group treated with plumbagin
demonstrated a more rapid reduction in RM values compared to
the group treated with PZQ. Furthermore, they are consistent with
the investigation by Songsri et al. (2019) into the impact of Chia oil
(Salvia hispanica L.) on adult worms of H. taichui. In their research,
adult worms were subjected to incubation with either PZQ (10 pg/
ml) or Chia oil (1 or 10 mg/ml) for durations of 1, 6, 12, and 24 hours.
The results indicated that all worms exhibited complete inactivity
and contraction after just 1 hour of exposure to 10 mg/ml Chia
oil, in contrast to 10 pg/ml PZQ. This observation underscores the
efficacy of Chia oil in affecting the motility of H. taichui adult worms.
The SEM analysis, representative samples from all concentrations
of the crude extracts of A. sativum, T. laurifolia, and E. longifolia
to assess their effects on morphological damage, revealed
morphological damage characterized by tegumental swelling evident
across all treatment crude extract in this study, notably severe in
the A. sativum treated group. Conversely, the negative control group
exhibited a normal tegumental surface, while the positive control
group showed swelling and blebbing around the oral sucker. The
study concerning the examination of alternative extracts on the
H. taichui in previous research. Previous study investigated the
effects of aqueous extract from Artocarpus takoocha Roxb on the
tegumental surface of H. taichui. They found that the aqueous
extracts of A. takoocha exhibited anti-helminthic activity against
H. taichui, inducing numerous small blebs and disruption of the
tegument surface (Wongsawad et al., 2005). Previous investigation
into the tegument of the parasite H. taichui was documented by
Kumchoo et al. (2007), their study specifically examined the effects
of niclosamide on the tegumental of adult H. taichui using SEM.
Extended incubation with the drug led to notable alterations in the
tegument, marked by substantial swelling and blebbing.
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The analysis of morphological changes in the surface of
H. taichui NEJs through SEM highlighted significant alterations
upon exposure to crude extracts of A. sativum, T. laurifolia, and
E. longifolia. Particularly, the group exposed to A. sativum exhibited
distinct changes consistent with those reported (Riad et al., 2013; Aly
etal., 2017). Their investigations suggested that the administration
of A. sativum extracts to mice infected with the S. mansoni blood
fluke had discernible effects on the parasite’s integument. SEM
analysis of the adult stage of the parasite revealed noteworthy
alterations, including swelling, and blistering around the body,
compared to the control group. Furthermore, A. sativum extract
has been shown to have an impact on the morphological damage
of F. gigantica (Singh et al., 2009). To date, there has been no
direct investigation into the effects of T. laurifolia and E. longifolia
extracts on the H. taichui gastrointestinal fluke. However, a previous
study conducted in hamsters infected with O. viverrini effectively
mitigated inflammation and hindered the aggregation of cells that
could potentially evolve into cholangiocarcinoma cells (Wonkchalee
et al., 2012, 2013). The reports on the efficacy of E. longifolia
against parasites have been documented. It has been reported to
influence T. gondii, as evidenced by SEM examination revealing
cell wall alterations with the formation of invaginations followed
by completely collapsed cells compared to normal T. gondii cells
in response to the fractions (Kavitha et al., 2012a). E. longifolia
significant inhibitory effect on adult schistosome movement (IM)
and egg-laying of S. japonicum (Jiwajinda et al., 2002). Additionally,
E. longifolia has demonstrated anti-plasmodial activity against
P. falciparum both in vitro and in vivo (Mohd Ridzuan et al., 2005;
Hout et al., 2006; Sriwilaijaroen et al., 2010). The morphological
changes observed in the H. taichui NEJs can be explained by the
following process: Cellular death resulting from disrupted respiration
leads to hypoxia and metabolic alterations. Reduced ATP production
causes a shift in metabolism to anaerobic pathways, which results
in lactate accumulation and a decrease in pH. ATP depletion leads
to lysosome swelling and enzyme release. The increased calcium
influx due to tissue hypoxia damages cellular membranes and
organelles, ultimately causing cellular self-digestion (autolysis) and
tissue degradation (Cobb et al., 1996; Madea et al., 2014).

Currently, the drug used to eradicate intestinal parasite is PZQ.
Its mechanism of action involves increasing calcium influx, which
causes the muscles of parasites to contract thereby affecting their
movement and causing paralysis (Martin et al., 1997). Allicin is the
major bioactive compound of A. sativum, in a study investigating
the mechanism of allicin, a bioactive compound of A. sativum, on
parasites, research has been conducted on protozoa Leishmania sp.
by Corral et al. (2016). Their findings illustrated that allicin induces
dysregulation of calcium homeostasis and oxidative stress, which
cannot be controlled by the antioxidant defense of the cell. This
leads to mitochondrial dysfunction and a bioenergetic catastrophe
resulting in cell necrosis and cell cycle arrest in the premitotic
phase. Rosmarinic acid is a major compound in T. laurifolia extract
and has garnered significant interest due to its potential broad
pharmacological effects (Woottisin et al., 2022). The mechanism
by which T. laurifolia affects parasites is not well understood.
However, insights can be drawn from the known effects of phenolic
compounds on bacterial cells describe how these compounds disrupt
gram-positive bacterial membranes at the interface, compromising
membrane plasticity and integrity, which destabilizes the cell
membrane and transport systems (Miceli et al., 2011; Resende
et al., 2015). Quassinoids are one of the major bioactive groups
in E. longifolia (Bhat & Karim, 2010). The mechanism of action
of E. longifolia was investigated, revealing that extract fractions
target T. gondii within its cytoplasmic region. It was suggested that
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these fractions may induce intracellular oxidative stress through an
indirect pathway involving mitochondria. This process could lead
to uncontrolled superoxide bursts within mitochondria, thereby
increasing oxidative stress, which plays a critical role in hypoxia/
reoxygenation injury in parasite cells (Kavitha et al., 2012a).

CONCLUSION

The knowledge acquired from herbal crude extracts, specifically
those derived from A. sativum, T. laurifolia, and E. longifolia,
which demonstrate anti-parasitic properties against the
H. taichui gastrointestinal fluke, holds considerable potential for
the development of herbal extracts designed to control and treat
infections caused by gastrointestinal flukes. This avenue offers
a viable alternative to existing pharmaceutical interventions. To
further advance our understanding and application of these herbal
extracts, forthcoming research endeavors should encompass
comprehensive investigations involving both in vivo and in vitro
studies. These studies are crucial for elucidating the underlying
mechanisms and assessing the overall impacts of A. sativum,
T. laurifolia, and E. longifolia crude extracts on H. taichui NEJs.
Despite the promising effects of these herbal extracts in combating
H. taichui gastrointestinal fluke, it is essential to emphasize the
need for future investigations into their specific mechanisms
and the identification of key bioactive compounds. Additionally,
assessing cytotoxicity against human cells is crucial. Comprehensive
in vivo studies and clinical trials are necessary to develop effective
antiparasitic agents, which may offer promising alternatives for the
treatment of MIF infection. This crucial research step is essential for
the development of effective anti-parasitic agents, positioning herbal
extracts as viable alternatives for the treatment of gastrointestinal
fluke infections. As we move forward, a more comprehensive
understanding of the underlying biological processes and active
components will pave the way for the formulation of targeted and
efficacious treatments in the ongoing pursuit of addressing parasitic
infections.
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