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The human liver fluke, Opisthorchis viverrini, is a significant risk factor for cholangiocarcinoma (CCA) in 
Thailand. Praziquantel (PZQ) is the primary treatment for opisthorchiasis but is associated with adverse 
effects and the potential development of CCA amid chronic infection and reinfection, prompting the 
search for alternative treatments. Thunbergia laurifolia is widely used for detoxification from lead 
poisoning and other toxins. The bioactive compounds of T. laurifolia are categorized into sterols, 
phenolics, carotenoids, glycosides, and unclassified steroids. It is considered an herb that contains 
a variety of active compounds, which may demonstrate effectiveness in eliminating parasites. This 
study evaluated the anthelmintic efficacy of crude extracts of Thunbergia laurifolia on newly excysted 
juveniles (NEJs) and adult stages of O. viverrini.The experiments were involved treating O. viverrini 
NEJs and adult worms with various concentrations of the crude extracts (NEJs: 5, 10, 20, 40 mg/ml; 
adult worms: 20, 30, 40 mg/ml), with PZQ and RPMI-1640 medium serving as positive and negative 
controls, respectively. An assessment of relative motility (RM) and survival index (SI) was conducted, 
along with a morphological evaluation using scanning electron microscopy (SEM) and biochemical tests 
to evaluate the generation of reactive oxygen species (ROS) as a response to stress. Results showed that 
T. laurifolia crude extract reduced RM and SI of the O. viverrini NEJs and adult worms. SEM revealed 
minimal tegumental damage when compared to the positive control group. Elevated ROS levels were 
significantly higher, suggesting oxidative stress as a potential mechanism of action. These findings 
suggest that T. laurifolia possess promising anthelmintic properties against O. viverrini, meriting further 
research to isolate active compounds and elucidate their mechanisms. Such studies could lead to the 
development of novel herbal treatments for opisthorchiasis.
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INTRODUCTION

Human liver fluke, Opisthorchis viverrini, it causes of opisthorchiasis, 
prevalent in northern and northeastern Thailand, escalating to 
14.3% in high-risk areas (Wattanawong et al., 2021). Thailand 
incurs healthcare costs exceeding USD $120 million annually due 
to O. viverrini infection (Kaewpitoon et al., 2015). O. viverrini has 
been classified as a Group 1 biological carcinogen by the WHO 
International Agency for Research on Cancer (IARC, 2024). The 
persistent inflammatory response induced by O. viverrini in the bile 
ducts poses a substantial long-term risk for cholangiocarcinoma 
(CCA) (Sripa et al., 2007, 2011; Pinlaor et al., 2009; Hanpanich et 
al., 2017). Currently, the drug of choice for treating opisthorchiasis 
is praziquantel (PZQ) (CDC, 2024). PZQ was initially selected for 

its anti-helminthic properties in the mid-1970s and has since 
been utilized to treat various human trematode infections (Cioli 
& Pica-Mattoccia, 2003). However, repeated treatment with PZQ 
and subsequent reinfection with O. viverrini are associated with an 
increased risk of developing CCA (Lawson et al., 1991; Pinlaor et 
al., 2009; Kamsa-Ard et al., 2015). Inflammation and the resulting 
stress induced by O. viverrini antigens are statistically associated with 
papillary and intrahepatic CCA, along with the repeated use of PZQ 
treatment (Luvira et al., 2018). The emergence of drug resistance 
and the side effects associated with PZQ treatment raise significant 
concerns (Fallon & Doenhoff, 1994; Cioli & Pica-Mattoccia, 2003; 
Erko et al., 2012). The importance of investigating alternative herbal 
remedies is highlighted by the potential of bioactive compounds, 
such as tannins, flavonoids, and alkaloids, which are well-known 
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for their effectiveness against diverse parasites (Bauri et al., 2015; 
Fomum & Nsahlai, 2017; Mushtaq et al., 2018). These compounds 
could serve as guiding principles for identifying key bioactive agents 
for parasite elimination in future research endeavors.
	 Several herbals for O. viverrini liver fluke treatment have 
been investigated. The treated O. viverrini adult worms exhibited 
reduced movement and increased mortality when exposed to crude 
extract of Allium sativum. This treatment also revealed significantly 
elevated reactive oxygen species (ROS) level and distinctive 
morphological damage (Pechdee et al., 2024). Studies have shown 
that extracts of Garcinia mangostana and Thunbergia laurifolia 
possess anti-inflammatory and antioxidant properties against 
O. viverrini infection (Wonkchalee et al., 2012, 2013; Aukkanimart 
et al., 2015). Additionally, the anthocyanin complex derived from 
blue butterfly pea, turmeric, and purple waxy corn cobs exhibited 
anti-inflammatory and anti-periductal fibrosis effects against 
O. viverrini infection (Intuyod et al., 2014). Furthermore, the effects 
of Areca catechu on the motility of O. viverrini NEJs and adult 
worms (Wannachat, 2020). In contrast, T. laurifolia is widely used 
for detoxification from lead poisoning and other toxins, as well as 
for its antioxidant, anti-inflammatory, hepatoprotective, antitumor, 
and antihyperglycemic properties (Palipoch et al., 2011). The 
T. laurifolia exhibits a range of pharmacological activities, including 
antiproliferative, hepatoprotective, detoxifying, antimicrobial, 
antidiabetic, anti-inflammatory, and non-toxic effects (Palipoch et al., 
2011; Rocejanasaroj et al., 2014). A previous report identified and 
categorized the bioactive compounds of T. laurifolia crude extract 
into five main groups, which are considered significant: sterols, 
phenolics, carotenoids, glycosides, and unclassified steroids (Chan 
et al., 2011; Junsi & Siripongvutikorn, 2016). These classifications 
underscore the plant’s potential medicinal properties, linking its 
chemical diversity to its traditional uses and therapeutic benefits. 
Significant compounds such as rosmarinic acid, apigenin, caffeic 
acid, allic acid, protocatechuic acid, and various vitamins have 
been identified in T. laurifolia. The apigenin is main bioactive 
compound in T. laurifolia, possesses antioxidant and anti-cancer 
properties (Oonsivilai et al., 2007; Chan et al., 2010). A previous 
study demonstrated that both fresh and dried T. laurifolia solutions 
significantly reduced inflammatory cells in hamsters infected with 
O. viverrini. Furthermore, the combination of T. laurifolia extract with 
praziquantel reduced inflammatory cell aggregation and inhibited 
the development of CCA, which correlated with these effects 
correlating to the serum alanine transaminase (ALT) levels in the 
infected hamsters (Wonkchalee et al., 2012, 2013). 
	 Therefore, the aim of this investigation is to assess the impact of 
T. laurifolia crude extract on the human liver fluke, O. viverrini NEJs 
and adult worms. The protective properties of the extracts against 
O. viverrini NEJs and adult worms were studied through relative 
motility values (RM) and % survival index (SI), alongside viability 
confirmation, and morphological tegumental damage. Additionally, 
O. viverrini adult worms were assessed and included evaluating 
oxidative stress generation.

MATERIALS AND METHODS

Ethics approval 
The Animal Ethics and Bio Ethics have been approved by Committee 
of the institute of research and development, Suranaree University 
of Technology, Thailand (Animal Ethics: Ethical Clearance No. 
SUT-IACUC-0013/2023 and Bio Ethics: Ethical Clearance No. SUT-
IBC-008-2023).

Parasite preparation 
Opisthorchis viverrini metacercariae were obtained from naturally 
infected cyprinid fish in an endemic region spanning Nakhon 
Ratchasima and Chaiyaphum Provinces in northeastern Thailand. The 
whole fresh cyprinid fish were cut into pieces and then digested in a 

0.25% pepsin-hydrochloric acid solution. and incubated at 37°C for 
1-2 hours. The solution was then filtered and centrifuged using 0.85% 
normal saline solution in a sedimentation jar (Srisawangwong et al., 
1997). Metacercariae were identified based on their morphology 
under a stereomicroscope (Vajrasthira et al., 1961; Scholz et al., 
1991). O. viverrini metacercariae were excysted in 0.25% trypsin in 
1x phosphate-buffered saline (PBS) supplemented with 200 u/ml 
penicillin and 200 µg/ml streptomycin for 5-15 minutes at 37°C to 
obtain O. viverrini NEJs for the experiment (Arunsan et al., 2019).
	 Five male Syrian golden hamsters (Mesocricetus auratus) 
were used in the infection experiment because female hamsters 
are more aggressive and to avoid pregnancy during infection. 
The hamsters, aged 6-8 weeks, were orally infected with 50 
O. viverrini metacercariae via intragastric intubation, facilitating 
the development of O. viverrini adult worms in the liver bile ducts 
over a period of 2-3 months (Sripa & Kaewkes, 2002). The infected 
hamsters were kept in stainless steel cages and were provided ad 
libitum access to a standard diet and water. The room temperature 
was maintained at 23 ± 2°C, with a relative humidity of 45-50%, 
under a 12-hour light-dark cycle. Consequently, the O. viverrini-
infected hamsters were sacrificed to collect adult worms from 
the liver bile ducts for experimental purposes. Hamsters were 
euthanized with 1-3% isoflurane. A surgical incision was prepared 
to open the abdominal cavity. The liver was removed and placed 
immediately in 0.85% normal saline solution (NSS). Adult worms 
were pressed from the liver bile duct and incubated in RPMI-1640 
culture media. Successively, the actively adult worms were collected 
for experimentation. 

Plants extract preparation
The fresh leaves of T. laurifolia, weighing 1 kg, were washed with 
distilled water (DW), loosely labeled, and subsequently placed in a 
hot air oven at 60°C for 24 hours. Subsequently, the material was 
finely ground into a powder using a grinder. The aqueous solvent 
was used as the extraction solvent to minimize interference in this 
test. According to previous studies, apigenin, caffeic acid, gallic 
acid, protocatechuic acid, and rosmarinic acid are key bioactive 
compounds of T. laurifolia that were extracted using aqueous 
extraction. (Chan et al., 2011; Rojsanga et al., 2018; Ruangpayungsak 
et al., 2018). A mixture consisting of 10 g of T. laurifolia was dissolved 
in 40 ml of DW. This blend underwent agitation in a 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 DW 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 calculated using the formula described by Abbas et al. (2021).

O. viverrini experimental allocation
PZQ is the standard drug, and in this preliminary study, the 
PZQ concentration was based on the standard opisthorchiasis 
treatment (25 mg/kg orally as a single dose) (Chai et al., 2020). 
PZQ concentrations of 2 mg/ml (10x) for O. viverrini NEJs and 
20 mg/ml for adult worms were prepared from 600 mg tablets 
(HK Pharmaceutical, Bangkok, Thailand) to observe changes 
in pathophysiological and physiological conditions. Based on 
preliminary results, T. laurifolia crude extracts were selected at 
concentrations of 5, 10, 20, and 40 mg/ml for O. viverrini NEJs and 
20, 30, and 40 mg/ml for adult worms, respectively. Previous studies 
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have not reported the in vitro antiparasitic effects of T. laurifolia. 
However, its extract has been tested on O. viverrine infected 
hamsters (Wonkchalee et al., 2012, 2013).
	 Sixty O. viverrini NEJs were divided into six distinct groups, each 
consisting of 5 NEJs (with duplicates in each group). Group 1 received 
RPMI-1640 as the negative control, while Group 2 was treated with 
2 mg/ml of PZQ as the positive control. Groups 3, 4, 5, and 6 were 
treated with 5, 10, 20, and 40 mg/ml concentrations of T. laurifolia 
crude extract, respectively. Forty O. viverrini adult worms were 
divided into five distinct groups, each consisting of 4 adult worms 
(with duplicates in each group). Group 1 received RPMI-1640 as the 
negative control, while Group 2 was treated with 20 mg/ml of PZQ as 
the positive control. Groups 3,4 and 5 were subjected to treatment 
with 20, 30, and 40 mg/ml concentrations of T. laurifolia crude 
extract. The negative control, positive control, and all T. laurifolia 
crude extract concentration groups were prepared in RPMI-1640 
culture medium. Additionally, each group was supplemented with 
100 µg/ml of streptomycin antibiotic (Arunsan et al., 2019).

Motility and survival assay 
All groups of O. viverrini NEJs and adult worms were exposed to 
different time intervals: 0 and 5 minutes, 1, 3, 6, 12, and 24 hours 
for O. viverrini NEJs, and 0 and 30 minutes, 1, 3, 6, 12, and 24 hours 
for O. viverrini adult worms under 37°C. The motility assessment 
included evaluating relative mobility (RM) and % survival index (SI) 
based on predefined scoring criteria at various exposure times. 
The motility was assessed by examining O. viverrini NEJs and 
adult worms under a stereomicroscope and scored based on the 
criteria: 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. The 
RM values were determined employing the formula detailed below 
(Kiuchi et al., 1987; Lorsuwannarat et al., 2013).

	
(1)

	
(2)

n = motility score, 
N = number of parasites with the score of ‘‘n’’

	 The SI was calculated to determine the percentage of live 
O. viverrini NEJs and adult worms at 0, 5, and 30 minutes, as well 
as at 1, 3, 6, 12, and 24 hours after incubation. O. viverrini NEJs and 
adult worms that exhibited a motility score of 0 were classified as 
died. The SI was calculated using the formula provided below (Kiuchi 
et al., 1987; Lorsuwannarat et al., 2013). 

	
(3)

	

Morphological study by SEM
The evaluation of morphological damage in O. viverrini NEJs and 
adult worms following 12 hours of incubation was performed using 
scanning electron microscope (SEM).  The O. viverrini NEJs and adult 
worms underwent multiple washes with 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 washes with DW. Subsequently, the samples were 
dehydrated through a series of graded acetone solutions (30%, 50%, 
70%, 90%, 95%, and 100%) in two cycles. They were then desiccated 
using a 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 
of 3.00 kV.

Measurement of stress generation due to ROS
After 6 hours of incubation, the O. viverrini adult worms were 
thoroughly rinsed with DW. Following the rinsing procedure, 
the worms were exposed to a 30 µM fluorogenic dye, H2DCFDA
(Med Chem Express®, New Jersey, USA), and incubated in darkness 
at 37°C for 30 minutes. After incubation, the samples were washed 
again with DW to eliminate any surplus fluorogenic dye. Slides were 
prepared for fluorescent imaging using a fluorescence microscope 
(Ex/Em = 488/525 nm). The fluorescence levels from ROS were 
quantified by analyzing fluorescence microscopy images with ImageJ 
software (https://imagej.net/ij/download.htm). The corrected 
total worm fluorescence (CTWF) was determined by subtracting 
the integrated density from the product of the selected worm’s 
area and the mean fluorescence of the background readings 
(El-Sharkawey, 2016). 

Worm viability assay 
After 24 hours of incubation, the O. viverrini NEJs and adult worms 
were exposed to a 0.4% trypan blue stain at room temperature for 
2-3 minutes. They were washed for 3 times with 1x PBS, and their 
viability was assessed under a light microscope.

Data analysis
The RM and SI values were analyzed using their respective formulas. 
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). A one-way ANOVA was conducted 
among five groups (negative control, positive control, and treated 
groups) to compare the mean motility scores. Statistical significance 
was determined by a P-value < 0.05. Probit regression analysis was 
performed to calculate the half-maximal inhibitory concentration 
IC50 of T. laurifolia crude extract in inhibiting the motility of both 
O. viverrini NEJs and adult worms.

RESULTS

Motility and viability of O. viverrini NEJs
The motility rates were not constant. It showed that fluctuating 
depending on the different concentration, the T. laurifolia treated 
groups at concentrations of 5, 10, 20, and 40 mg/ml showed 
normal motility in O. viverrini NEJs within 0 to 5 minutes across all 
groups (RM = 100 and SI = 100 in all concentration group). After 1 
hour, the motility rate remained constant until 12 hours, with the 
following results: 5 mg/ml (RM = 66.67, 74.07, 65.38, and 46.43; 
SI = 100, 100, 100, and 100 for 1, 3, 6, and 12 hours, respectively); 
10 mg/ml (RM = 66.67, 74.07, 50.00, and 46.43; SI = 100, 100, 
100, and 100, for 1, 3, 6, and 12 hours, respectively); 20 mg/ml 
(RM = 56.67, 59.26, 46.15, and 42.86; SI = 100, 100, 100, and 100, 
for 1, 3, 6, and 12 hours, respectively); and 40 mg/ml (RM = 36.67, 
37.04, 38.46, and 35.71; SI = 100, 100, 100, and 100, for 1, 3, 6, and 
12 hours, respectively). At 24 hours, motility ceased, and the worms 
died in all groups (RM = 0 and SI = 0 in all groups). The negative 
control group displayed normal motility from 0 minutes to 12 hours 
(RM = 100 and SI = 100), with a slight decrease in motility observed at 
the conclusion of the experiment at 24 hours (RM = 100 and SI = 60). 
The positive control group displayed normal motility within the first 
0 to 5 minutes (RM = 100 and SI = 100). However, after 1 hour, the 
parasites exhibited a rapid decrease in movement (RM = 53.57 and 
SI = 100), remaining relatively stable from 3 to 6 hours (RM = 51.85 
and 53.85, SI = 100 and 100, respectively), and further declining at 
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12 hours (RM = 39.29 and SI = 100). Motility ceased entirely by the 
24 hours mark (RM = 0 and SI = 0) (Figure 1a and 1b). A comparative 
analysis was indicated significant differences between the negative 
control group and the groups treated with 20 and 40 mg/ml of 
T. laurifolia for NEJs. However, there were no significant differences 
in mean motility scores between the positive control group and the 
T. laurifolia treated groups (P < 0.05) (Figure 2). Viability confirmation 
via trypan blue staining showed no staining in the negative control 
group (Figure 3a). In contrast, extensive trypan blue staining was 
observed in the positive control group (Figure 3b), as well as in all 
groups treated with T. laurifolia (Figure 3c-3f). The inhibitory motility 
concentration of T. laurifolia crude extract on O. viverrini NEJs was 
recorded at LC50 = 22.723 mg/ml for average exposure times of 
0, 5, and 30 minutes, as well as for 1, 3, 6, 12, and 24 hours.

Morphological surface study of O. viverrini NEJs
Surface morphological alterations of O. viverrini NEJs were examined 
via SEM after 12 hours of treatment. The tegumental surface of 
O. viverrini NEJs in the negative control group were showed normal 
of tegumental sureface, presence the normal of sensory papillae 
(Pa), under of the ventral sucker (Vs) region displays the small 
spines (Sp) (Figure 4a-4d). In the positive control group treated, 
the tegumental surface of O. viverrini NEJs showed a swollen 
appearance with blebs present around the ventral sucker (Vs). 
The entire body’s tegument exhibited swelling and stretching 
(Figure 4e-4h). T. laurifolia treated groups, the tegumental surface 
of O. viverrini NEJs displaying morphological abnormalities 
exhibited slight swelling of the body tegument compared to the 
negative control group (Figure 4i-4l). 

Figure 1. The (a) RM and (b) SI values of T. laurifolia treated groups against O. viverrini NEJs were evaluated following treatment with 
concentrations of 5, 10, 20, and 40 mg/ml.

Figure 2. The motility scores of the T. laurifolia treated group showed significant differences compared to the negative control group, as well 
as between the groups treated with 20 and 40 mg/ml on NEJs (P < 0.05). However, no significant differences in mean motility scores were 
observed between the positive control group (P > 0.05). * = Significant difference.
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Figure 3. Viability of O. viverrini NEJs was assessed using trypan blue staining: (a) the negative control group, no staining was observed and 
evidenced, (b) the positive control group, (c), (d), (e), and (f) T. laurifolia treated groups. Scale bar = 200 µm.

Figure 4. Tegumental surface of O. viverrini NEJs: (a), (b), (c), and (d) negative control group, scale bar = 40, 4, 10, and 10 µm, respectively. (e), 
(f), (g), and (h) Positive control group, scale bar = 50, 10, 2, and 10 µm, respectively. (i), (j), (k), and (l) T. laurifolia treated group, scale bar = 
40, 10, 10, and 5 µm, respectively. * = Swelling of the tegumental surface. Abbreviations; An = Anterior region, Os = Oral sucker, Po = Posterior 
region, Pa = Papilla, Sp = spines, and Vs = Ventral sucker.

Motility and viability of O. viverrini adult worm
The T. laurifolia treated groups with concentrations of 20, 30, and 
40 mg/ml exhibited normal motility in O. viverrini adult worms 
across all groups (RM = 100 and SI = 100 in all concentration groups). 
However, a decrease in motility was observed at 30 minutes in all 
groups, with the following results: 20 mg/ml (RM = 48.21, SI = 100), 
30 mg/ml (RM = 51.79, SI = 100), and 40 mg/ml (RM = 50.00, 
SI = 100). This motility rate remained constant from 1 hour to 
6 hours with the following results: 20 mg/ml (RM = 52.94, 50.97, 
and 60.98; SI = 100, 100, and 100 for 1, 3, and 6 hours, respectively); 
30 mg/ml (RM = 64.71, 64.69, and 60.98; SI = 100, 100, and 100 for 
1, 3, and 6 hours, respectively); and 40 mg/ml (RM = 50.98, 49.01, 
and 63.41; SI = 100, 100, and 100 for 1, 3, and 6 hours, respectively). 
Additionally, the motility rate in each group decreased again at 
the 12-hour mark: 20 mg/ml (RM = 40.00, SI = 50.00), 30 mg/ml 
(RM = 40.00, SI = 50.00), and 40 mg/ml (RM = 40.00, SI = 50.00). Motility 
ceased entirely at 24 hours (RM = 0 and SI = 0 in all concentration 
groups). The negative control group exhibited continuous active 

movement and sustained vitality (RM = 100 and SI = 100 in all 
groups). In the positive control, O. viverrini adult worms began to 
exhibit a continuous decrease in motility at 30 minutes, reaching the 
following values: 1 hour (RM = 50.98, SI = 100), 3 hours (RM = 43.13, 
SI = 100), 6 hours (RM = 39.02, SI = 75.00), and 12 hours (RM = 35.00, 
SI = 25.00). The motility rate reached complete cessation at the 
24-hour mark (RM = 0 and SI = 0). (Figure 5a and 5b). A comparative 
analysis was indicated not significantly different between both 
the negative control and positive control groups compared to the 
T. laurifolia treated groups (P < 0.05) (Figure 6). The viability of 
O. viverrini adult worms was assessed using trypan blue staining. In 
the negative control group, no staining was observed. Conversely, 
extensive trypan blue staining was evident in the positive control 
group, as well as in all treated groups with T. laurifolia (Figure 7). 
The inhibitory motility concentration of T. laurifolia crude extract 
on O. viverrini adult worm was recorded at LC50 = 15.015 mg/ml for 
average exposure times of 0, 5, and 30 minutes, as well as for 1, 3, 
6, 12, and 24 hours.
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Figure 5. RM and SI values of O. viverrini adult worms: (a) RM values of groups treated with T. laurifolia and (b) SI of groups treated 
with T. laurifolia were evaluated after incubation with concentrations of 20, 30, and 40 mg/ml.

Figure 7. The viability of O. viverrini adult worms was assessed using trypan blue staining: (a) negative control group, (b) positive 
control group, and (c), (d), and (e) T. laurifolia treated groups at concentrations of 20, 30, and 40 mg/ml, respectively. Scale bar = 2 mm.

Figure 6. The mean motility scores of the T. laurifolia-treated group were not statistically significant when compared to those of the 
negative and positive control groups (P > 0.05).
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Figure 8. The ROS generation images of T. laurifolia treated groups at various parts of the adult worm were compared with those of the negative 
and positive control groups: (a), (f), and (k) represent the negative control group; (b), (g), and (l) represent the positive control group; (c), (h), 
and (m) represent the 20 mg/mL T. laurifolia treated group; (d), (i), and (n) represent the 30 mg/mL T. laurifolia treated group; and (e), (j), 
and (o) represent the 40 mg/mL T. laurifolia treated group. Scale bar = 1 mm. Abbreviations; Gp = genital pore and Ro = reproductive organ.

Figure 9. The CTWF of fluorescence intensity in the T. laurifolia treated groups was compared with the negative and positive control groups.

ROS Generation of O. viverrini adult worm
The T. laurifolia treated groups were showed elevated levels of 
ROS throughout the entire body of the O. viverrini adult worms, 
encompassing the anterior, middle, and posterior regions, in 
comparison to the negative and positive control groups. This effect 
was particularly pronounced in certain areas such as the reproductive 

organ (Ro) and area of genital pore (Gp), at concentrations of 20 mg/
ml, 30 mg/ml, and 40 mg/ml respectively (Figure 8). Additionally, 
the CTWF were showed fluorescence intensity of T. laurifolia treated 
groups (20, 30, and 40 mg/ml) exhibited higher levels compared to 
the negative and positive control groups (Figure 9).
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Figure 10. The tegumental surface of O. viverrini adult worms: (a), (b), (c), and (d) negative control group, scale bar = 400, 40, 20 and 5 µm, 
respectively, (e), (f), (g), and (h) positive control group, scale bar = 40, 40, 50 and 4 µm, respectively, (i), (j), (k), and (l) T. laurifolia treated 
group scale bar = 400, 40, 40, and 4 µm, respectively. * = Alterations to the tegumental surface (h) and (j) show swelling leading to rupture. 
Abbreviations; An = Anterior region, Mv = Microvilli, Os = Oral sucker, Po = Posterior region, and Vs = Ventral sucker.

Morphological surface study of O. viverrini adult worm
Surface morphological alterations of O. viverrini adult worm were 
examined via SEM after 12 hours of treatment. The negative 
control group (Figure 10a-10d), worms exhibited a regular, smooth 
surface, numerous short microvilli (Mv) and the typical distribution 
of papillae (Pa) around the oral suckers (Os) and ventral suckers 
(Vs). The arrangement of papillae (Pa) among the microvilli was 
also normal. In the positive control group, the microvilli (Mv) on 
the surface appeared swollen, and there was slight swelling of 
the papillae (Pa) around the ventral sucker (Vs) (Figure 10e-10h). 
The O. viverrini adult worm treated with T. laurifolia displayed a 
generally smooth surface across its body. There was noticeable 
swelling around the oral sucker (Ov) and ventral suckers (Vs), and 
upon closer inspection of the microvilli (Mv) region, slight surface 
swelling was observed. However, the papillae (Pa) remained clearly 
visible (Figure 10i-10l).

DISCUSSION

O. viverrini NEJs and adult worms were demonstrated the potential 
of crude extracts of T. laurifolia in reducing the RM and SI to depend 
on concentrations and exposure times. O. viverrini NEJs, T. laurifolia 
treated group, significant differences were observed between the 
negative control group for 20 mg/ml and 40 mg/ml. The O. viverrini 
adult worms, T. laurifolia no significant difference compared to both 
the negative and positive control groups. This result is consistent 
with the anthelmintic effects of plumbagin on Schistosoma mansoni, 
as it showed a more rapid reduction in RM values compared to the 
group treated with PZQ (Lorsuwannarat et al., 2013). Similarly, the 
comparable outcomes using a crude extract from Areca catechu 
on O. viverrini NEJs and adult worms, indicating a swift decline 
in motility with escalating concentrations of A. catechu extract 
(Wannachat, 2020). Additionally, Ahmed et al. (2020) discussed that 
the observed anthelmintic effects of plant extracts may be due to the 
presence of secondary metabolites. Specifically, tannins, alkaloids, 
and phenolic compounds (acting as enzyme inhibitors) have been 
demonstrated to disrupt coupled oxidative phosphorylation and 
inhibit ATP synthesis in parasites. This disruption can result in the 

release of enzymes that degrade the worm membrane (Martin, 
1997; Joshi et al., 2011; Wang et al., 2012). This study considered 
the IC50 value of T. laurifolia crude extract, it showed a lower value 
when compared to the highest concentration used in the test. This 
suggests the potential ability of the extract to inhibit the motility 
of O. viverrini NEJs and adult worms.
	 This study observed morphological surface alterations of 
O. viverrini NEJs and adult worms. The SEM analysis revealed 
morphological damage characterized by tegumental swelling evident 
across all treatment groups of O. viverrini NEJs and adult worm. 
T. laurifolia treated groups, exhibited slight swelling of the 
tegumental surface. This process involves cellular death due to 
halted respiration, leading to hypoxia and metabolic changes. 
Reduced ATP production shifts metabolism to anaerobic pathways, 
resulting in lactate accumulation and decreased pH. Lysosome 
swelling and enzyme release follow ATP depletion. Increased calcium 
influx from tissue hypoxia damages membranes and organelles, 
ultimately causing cellular self-digestion (autolysis) and tissue 
degradation (De Groot & Littauer, 1989; Cobb et al., 1996; Madea 
et al., 2014). 
	 In contrast, T. laurifolia treated groups was elevated ROS 
levels throughout the entire body, particularly prominent in 
specific regions such as the reproductive organ (testes and ovary) 
and around of genital pore. Notably, minimal ROS generation 
was observed in the regions of the negative control group. This 
observation is consistent with the study conducted by Goel et al. 
(2020) on oxidative stress in H. contortus parasites treated with 
Lansium parasiticum aqueous extract-protected silver nanoparticles, 
indicating a metabolic shift in response to ROS-induced oxidative 
stress (Goel et al., 2020). Generally, the generation of stress-induced 
ROS entails the production of highly reactive molecules, such as 
superoxide anions, hydrogen peroxide, and hydroxyl radicals, within 
cells or organisms in response to various stressors. These stressors 
encompass physical, chemical, environmental, or biological factors 
capable of disrupting the normal balance in cells. Under stressful 
conditions, the overproduction of ROS can lead to oxidative stress, 
which is associated with impairment of proteins, lipids, and DNA, 
thus affecting cellular functionality (Finkel, 2011). The generation 
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of stress-induced ROS involves a complex process with numerous 
cellular pathways and mechanisms, playing critical roles in cellular 
processes such as signaling and immune responses (Schieber & 
Chandel, 2014). Therefore, the expression of ROS in O. viverrini adult 
worms in this study depends on the cellular characteristics of each 
parasite.
	 Currently, the drug used for the treatment of Opisthorchiasis 
is PZQ. Its mechanism of action involves increasing calcium influx, 
which causes the muscles of parasites to contract, affecting their 
movement and inducing paralysis (Pax et al., 1978; Becker et al., 
1980; Greenberg, 2005; Angelucci et al., 2007). Rosmarinic acid, 
a major compound in T. laurifolia extract, has garnered significant 
interest due to its potential broad pharmacological effects (Guan 
et al., 2022; Woottisin et al., 2022). The mechanism through which 
T. laurifolia affects parasites has not been extensively studied. 
However, insights into this mechanism can be inferred from the 
general action of phenolic compounds on bacterial cells, as outlined 
by Resende et al. (2015). Phenolic compounds are known to 
effectively disrupt the membranes of gram-positive bacteria at the 
membrane-interface. This disruption can significantly compromise 
membrane plasticity, leading to weakened membrane integrity, 
destabilization, and subsequent disruption of the cell membrane 
and transport systems (Miceli et al., 2011; Resende et al., 2015). 
Despite some successful strategies, there is still considerable 
progress needed in implementing novel therapies for schistosomiasis 
or opisthorchiasis (Vale et al., 2020). Studies on parasite eradication 
in T. laurifolia have shown promising results demonstrated the 
effectiveness of T. laurifolia in reducing inflammation caused 
by pathological alterations in O. viverrini-infected hamsters 
(Wonkchalee et al., 2012, 2013).

CONCLUSION

The knowledge derived from the T. laurifolia crude extract, which 
exhibits antiparasitic properties against the O. viverrini NEJs 
and adult worms. This is evident from the reduction in parasite 
motility and the increased expression of ROS following exposure 
to T. laurifolia crude extract at concentrations of 20 mg/ml and 40 
mg/ml. At the same time, no significant effects were observed in 
the adult worm experiment. To enhance our comprehension and 
application of T. laurifolia crude extract, future research should 
include extensive in vivo and in vitro studies. Despite the promising 
outcomes observed with the use of T. laurifolia crude extract against 
O. viverrini infections, it is crucial to emphasize the need for further 
studies to elucidate the specific mechanisms of action, identify 
the key bioactive components, assess cytotoxicity, and determine 
parasite specificity. This crucial research step is important for the 
future development of effective antiparasitic agents and herbal 
alternatives to control O. viverrini liver fluke infection.
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