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CHAPTER I 
INTRODUCTION 

 
1.1 Thesis title  

Efficacy of crude extracts of Allium sativum, Thunbergia laurifolia, and 

Eurycoma longifolia against newly excysted juvenile and adult stages of liver fluke, 

Opisthorchis viverrini 

 

1.2 Rational and Background 
Opisthorchis viverrini, a parasitic liver fluke, it causes of opisthorchiasis, 

prevalent in northern and northeastern Thailand, with an overall infection rate of 2.2%, 

escalating to 14.3% in high-risk areas (Wattanawong et al., 2021). The persistent 

inflammatory response induced by O. viverrini in the bile ducts poses a substantial 

long-term risk for cholangiocarcinoma (CCA) (Hanpanich et al., 2017; Pinlaor et al., 2009) 

Currently, the drug of choice for treating opisthorchiasis is praziquantel (PZQ). 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 and Pica-Mattoccia, 2003). 

However, repeated treatment with PZQ and subsequent reinfection with O. viverrini 

are associated with an increased risk of developing cholangiocarcinoma (CCA) (Lawson 

et al., 2015; Pinlaor et al., 2009). 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 (Cioli and Pica-Mattoccia, 2003; Erko et al., 2012; Fallon and Doenhoff, 1994). 

The importance of investigating alternative herbal remedies is underscored. Bioactive 

compounds such as tannins, flavonoids, and alkaloids, recognized for their
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effectiveness against diverse parasites (Mushtaq et al., 2018), could serve as guiding 

principles for identifying key bioactive compounds for parasite elimination in future 

research endeavors. 

Several herbal remedies for O. viverrini liver fluke have been investigated. For 

instance, studies have shown that extracts of Garcinia mangostana and Thunbergia 

laurifolia possess anti-inflammatory and antioxidant properties against O. viverrini 

infection (Aukkanimart et al., 2015; Wonkchalee et al., 2.12, 2013). Additionally, Intuyod 

(2014) suggested that an anthocyanin complex (AC) derived from blue butterfly pea, 

turmeric, and purple waxy corn cobs exhibits anti-inflammatory and anti-periductal 

fibrosis effects against O. viverrini infection. Furthermore, Wannachat in 2020 

demonstrated the effects of extracts from Areca catechu on the motility of O. viverrini 

NEJs and adult worms. 

Allium sativum (Garlic or Ka-team in Thai), a traditional remedy with a rich 

historical usage against various ailments, possesses primary bioactive compounds 

including diallyl disulfide, s-allyl cysteine, methyl cysteine, and allicin, which exhibit 

robust antibacterial, anticancer, and antiparasitic properties. Particularly, allicin, 

extensively researched, showcases therapeutic potential against cardiovascular 

diseases, exerts antioxidant effects, and confers hepatoprotection against toxins and 

alcohol alcohol (Corzo-Martínez et al., 2007; Rabinkov et al., 1998). The effectiveness 

of A. sativum is extensively documented in both in vivo and in vitro studies, notably 

highlighting its inhibitory effects on helminths. A. sativum has demonstrated efficacy 

against Haemonchus contortus nematodes in ruminant animals (Palacios-Landín et al., 

2015), Anisakis sp. in marine fish (Morsy et al., 2021) Previous research has indicated 

the influence of A. sativum on Schistosoma mansoni, including adult worms, cercaria, 

schistosomula, and miracidia stages (Aly et al., 2017; Cortés et al., 2017; Mantawy et 

al., 2012; Riad et al., 2009; Schelkle et al., 2013;). A. sativum has been shown 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 exhibited an impact on the motility of Fasciola gigantica (Singh et al., 2009). 
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In contrast, Thunbergia laurifolia (Rang Chuet, in Thai) is widely utilized for 

detoxification from lead poisoning or other toxins (Palipoch et al., 2011). Significant 

compounds such as rosmarinic acid (RA), apigenin, caffeic acid, allic acid, 

protocatechuic acid, and various vitamins have been identified in it. Several reports 

have indicated that apigenin, a bioactive compound in T. laurifolia, possesses 

antioxidant and anti-cancer properties (Chan et al., 2010; Oonsivilai et al., 2007).              

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 cholangiocarcinoma 

(CCA), which correlated with the serum Alanine transaminase (ALT) levels in hamsters 

infected with O. viverrini (Wonkchalee et al., 2012, 2013). 

Additionally, Eurycoma longifolia (Pla Lai Puek, in Thai), one of the tropical 

herbal medicinal plants in Southeast Asian countries, shows potential in aphrodisiac, 

anti-malarial, anti-cancer, and anti-microbial properties (Ur Rehman et al., 2016). 

Quassinoids, cathin-6-one alkaloids, squalene type triterpenes, tirucallane-type 

triterpenes, and biphenylneolignans are among the major bioactive compounds 

reported in E. longifolia (Bhat and Karim, 2010). Previous studies have reported the 

effects of E. longifolia extract on the glutathione protein of Toxoplasma gondii and 

Plasmodium falciparum (Hout et al., 2006; Kavitha et al., 2012; Mohd Ridzuan et al., 

2005; Sriwilaijaroen et al., 2010). 

Therefore, the aim of this investigation is to assess the impact of A. sativum,     

T. laurifolia, and E. longifolia crude extracts on the human liver fluke, O. viverrini newly 

excysted juvenile (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. Additionally, for              

O. viverrini adult worms, the assessment included evaluating oxidative stress 

generation and morphological tegumental damage. Thus, the examination of crude 

extracts from A. sativum, T. laurifolia, and E. longifolia constitutes a critical step in 
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identifying promising herbal candidates for the potential development of alternative 

therapeutic agents for parasitic infections. 

 

1.3 Research Gap 
 Currently, long term and repeated treatment with PZQ is associated with 

intrahepatic and papillary CCA. The side effects and drug resistance of PZQ treatment 

are concerning, highlight the significance of exploring alternative herbal remedies. The 

A. sativum, T. laurifolia, and E. longifolia are widely used herbal remedies in Thailand, 

with a rich tradition. These herbals may serve as valuable guides for identifying key 

bioactive compounds for future parasite elimination strategies. This underscores the 

possibility of developing alternative and combined standard drugs, reducing reliance 

on chemical drugs, and enhancing the added value of Thai herbal treatments. 

 

1.4 Research Objectives  
1.4.1 General objective 
This study aims to evaluate the effects of A. sativum, T. laurifolia, and                 

E. longifolia crude extracts against the human liver fluke, O. viverrini NEJs, and adult 
worms. 
 1.4.2 Specific objectives 

  1.4.2.1 Crude extracts were obtained from A. sativum bulbs, of                

T. laurifolia leaves, and E. longifolia roots. 

1.4.2.2 O. viverrini metacercaria were collected from naturally cyprinoid-

infected fish. These metacercaria were then excysted to obtain O. viverrini NEJs. 

1.4.2.3 O. viverrini adult worms were obtained by infecting hamsters 

with these metacercaria. 

1.4.2.4 The effects of crude extracts of A. sativum, T. laurifolia, and         

E. longifolia against O. viverrini NEJs and adult worms were evaluated. 
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1.4.2.5 The motility values (RM and SI) of O. viverrini NEJs and adult 

worms were evaluated at different time points following specific scoring criteria. Worm 

viability was confirmed through Trypan blue staining. 

1.4.2.6 The morphological surface of O. viverrini NEJs and adult worms 

was evaluated after 12 hours of incubation with crude extracts using SEM. 

1.4.2.7 Oxidative stress detection of ROS and NO in O. viverrini adult 

worms was performed using H2DCFDA staining and the Griess reagent reaction assay. 

 

1.5 Research Hypotheses 
Is it possible to investigate the efficacy of A. sativum, T. laurifolia, and                  

E. longifolia crude extracts against O. viverrini NEJ and adult worms?  

Recurrent treatment with Praziquantel (PZQ) is associated with intrahepatic and 

papillary CCA, while emerging drug resistance raises concerns. The persistent concerns 

regarding the side effects of PZQ highlight the significance of exploring alternative 

herbal remedies. A. sativum, T. laurifolia, and E. longifolia are widely used herbal 

remedies in Thailand, with a rich tradition. Therefore, these herbs may provide valuable 

insights into identifying key bioactive compounds for future parasite elimination 

strategies. 

 

1.6 Scope and Limitations 
The research was conducted at the Parasitic Disease Research Center laboratory 

(PDRC), Institute of Medicine, Suranaree University of Technology. A. sativum bulbs,     

T. laurifolia leaves, and E. longifolia dried roots were collected from the fresh market 

or around Nakhon-Ratchasima province, northeastern Thailand. Natural cyprinoid fish 

were gathered from water reservoirs in endemic areas of northeastern Thailand to 

obtain O. viverrini metacercariae. These metacercariae were then excysted to obtain 

O. viverrini NEJs. Male hamsters were procured from the Laboratory Animal Facility, 

Faculty of Medicine, Khon Kaen University, Thailand, and were infected with O. viverrini 
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metacercariae to obtain adult worms. The hamsters were housed for 2-3 months to 

allow for the development of O. viverrini adults. The experiment focused on assessing 

the antiparasitic activities of A. sativum, T. laurifolia, and E. longifolia crude extracts. 

The antiparasitic activities of the extracts were assessed through in vitro assays on        

O. viverrini NEJs and adult worms. The protective effects of the extracts against              

O. viverrini NEJs and adult worms were investigated using relative motility values (RM) 

and % survival index (SI), as well as viability confirmation. For O. viverrini adult worms, 

assessment included the evaluation of oxidative stress generation and morphological 

tegumental damage. 

 

1.7 Expected Result 
The effectiveness of A. sativum, T. laurifolia, and E. longifolia crude extracts 

against O. viverrini NEJs and adult worms suggests the potential for alternative 

treatments for opisthorchiasis. Assessing the feasibility, safety, and efficacy of these 

crude extracts as alternative therapeutics is crucial for preventing, treating, and 

controlling human liver fluke infections in the future. The anticipated outcomes 

include the introduction of alternative opisthorchiasis treatments, the elevation of the 

value of Thai herbs, and the recognition of the high impact of related publications. 

Although this study has shown promising results in vitro, further extensive research is 

needed, particularly regarding their practical application in the treatment and 

prevention of human parasite infections. 

 



 
 

CHAPTER II 
LITERATURE REVIEWS

 

2.1 Opisthorchis viverrini  
Opisthorchis viverrini is a fish-borne trematode liver fluke. It belongs to the 

Opisthorchiidae family, which includes human liver flukes such as O. viverrini,                 

O. felineus, and Clonorchis sinensis. In Thailand, at least 6 million people are infected 

with the liver fluke O. viverrini, with a particularly high prevalence in northern and 

northeastern regions, where the overall infection rate is 2.2%, escalating to 14.3% in 

high-risk areas (Jongsuksuntigul et al., 2003; Wattanawong et al., 2021). O. viverrini has 

been categorized as a group I biological carcinogen by the WHO International Agency 

for Research on Cancer (IARC, 1994). The persistent inflammatory response triggered 

by O. viverrini in the bile ducts poses a significant long-term risk for cholangiocarcinoma 

(CCA) (Hanpanich et al., 2017; Pinlaor et al., 2009; Sripa et al., 2007; 2011). O. viverrini 

infection and opisthorchiasis pose significant public health challenges in northeastern 

Thailand. The economic burden linked to O. viverrini infection in Thailand amounts to 

approximately USD $120 million annually, encompassing medical expenses and loss 

of wages (Kaewpitoon et al., 2015). Human acquisition of O. viverrini infection occurs 

through the consumption of raw or undercooked cyprinid fish containing the infective 

stage, metacercaria. The life cycle of O. viverrini involves a snail or first intermediate 

host, Bithynia spp., and a second intermediate host consisting of various species of 

cyprinid fish (Harinasuta and Harinasuta, 1984; Wykoff et al., 1965).  

2.1.1 O. viverrini adult worm 

Adult worms of O. viverrini are monoecious trematodes characterized by their 
dorso-ventrally flattened, lancet-shaped, thin, and transparent bodies. Freshly 
obtained worms from bile ducts exhibit a reddish-bile coloration, with an average size 
of approximately 7.0 (range: 5.4 – 10.2) × 1.5 (range: 0.8 – 1.9) mm. The oral sucker,
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surrounding the mouth, is situated at the subterminal anterior position, while the 
ventral sucker is blind-ended at approximately the anterior one-fifth of the body 
length. The digestive system comprises a mouth, pharynx with a short esophagus, 
which then separates into two intestinal ceca extending close to the posterior end of 
the body. Two deeply multilobed testes are in the posterior body. The multilobed 
ovary is positioned in front of the anterior testis, close to the seminal receptacle and 
Laurer’s canal. Vitelline glands are irregularly arranged in many groups on the lateral 
side of the body The excretory bladder is a sac-like tube that is long and S-shaped, 
running between the two testes (Harinasuta and Harinasuta, 1984; Kaewkes, 2003; 
Wykoff et al., 1965). 
 

 
Figure 2.1 O. viverrini adult worm (Pechdee, 2016) 

 
2.1.2 O. viverrini cercaria 
The cercariae of O. viverrini emerge from infected Bithynia spp. snails in 

response to light stimulation and subsequently swim freely to find their second 

intermediate host, cyprinid fish. These cercariae have an average body size of 154 × 

75 µm, covered with minute spines, and a tail size of 392 × 26 µm, featuring a dorso-

ventral fin-fold. At rest or when hanging head down in water, O. viverrini cercariae 

exhibit an oculate, pleurolophocercus, and tobacco pipe-formed shape. Two eyespots 

are located laterally between the oral sucker and pharynx, with brownish pigments 

dispersed in the body portion. The oral sucker is subterminally anteriorly positioned 

and bears several rows of tooth-like structures, while the ceca are not well developed. 
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The tail of the cercariae exhibits transversely striated tegument at the proximal third 

and a fin fold that extends from the dorsal to ventral surface of the distal part. 

Cystogenous glands are dorsolateral on both sides of the body (Arunsan et al., 2014; 

Kaewkes, 2003; Wykoff et al., 1965) 

 

 
Figure 2.2 O. viverrini cercaria (Pechdee, 2016) 

 
2.1.3 O. viverrini metacercaria 
The O. viverrini metacercaria are formed after the penetration of cercariae 

underneath the skin of cyprinid fish. These mature encysted metacercariae have an 
average size of 201 × 167 µm. Typically, O. viverrini metacercariae are oval-shaped, 
although some may occasionally be round. The cyst walls consist of two layers, with 
the outer wall being thicker than the inner wall. Oral and ventral suckers are clearly 
visible in the encysted larva. The excretory bladder contains a dense mass of dark 
granules, and brownish-yellow pigments are scattered throughout the body. (Komiya, 
1966; Scholz et al., 1991; Vajrasthira et al., 1961). 
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Figure 2.3 O. viverrini metacercaria (Pechdee, 2016) 

 
2.1.4 Life cycle of O. viverrini 

O. viverrini adult worms primarily inhabit the secondary bile ducts of human of 
and definitive host. They attach to the walls of these ducts using their oral and ventral 
suckers. The adult worms lay embryonated eggs containing miracidia, which are passed 
with bile into the duodenum and excreted with feces into the external environment. 
These embryonated eggs are then ingested by Bithynia spp. snails, where egg-hatching 
occurs in the digestive tract to release miracidia. These miracidia penetrate the snail 
tissue and transform into sporocysts. Rediae and cercariae are multiplied through 
asexual reproduction of germinal cells in sporocysts and rediae, respectively. Upon 
exiting the snail as free-swimming cercariae, they penetrate and transform into 
metacercaria by encystation in cyprinid fishes. Metacercariae become infective to 
definitive hosts, including humans, dogs, and cats, when these hosts ingest raw, 
fermented, or inadequately cooked cyprinid fish. After ingestion, the metacercaria is 
digested by gastric and intestinal juices. Juvenile excysted in duodenum then migrate 
up through the common bile duct into the intra-hepatic bile ducts. (Harinasuta, 1984; 
Waikakul et al., 1998). 
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Figure 2.4 Life cycle of O. viverrini (CDC, 2018) 

 

2.2 Tegumental surface of O.viverrini  
The tegumental surface of O. viverrini newly excysted juvenile (NEJ) and adult 

stages was examined using scanning electron microscopy by Apinhasmit et al. (1993, 

1994. The NEJ surface exhibits circumferentially arranged ridges alternating with 

troughs, bearing rows of spines encircling the body. These spines vary in edge shapes: 

serrated edges on the anterior part and single sharp edges on the middle part, with no 

spines on the posterior body. Three types of presumed sensory papillae are present: 

type A, a single small cone-shaped ciliated papilla; type B, a group of ciliated papillae 

on a common dome-shaped base; and type C, a large papilla with a non-ciliated bulb. 

Type A papillae are evenly scattered but more concentrated around oral and ventral 

suckers and the excretory pore. Pairs of both type A and B papillae line the body's 
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lateral surfaces, while type C papillae are solely on the ventral sucker's lip. In adult 

flukes, the surface appears highly corrugated with wave-like folds encircling the body, 

covered in closely packed stubby microvilli. Microvilli are more numerous and taller 

on the ventral surface than on the dorsal surface. Among microvilli on both stages, 

three types of sensory papillae like those in the NEJ were observed, but they are larger 

in size. The number of type A papillae increases, while that of type B papillae 

decreases during maturation (Apinhasmit et al.1993, 1994). 

 

2.3 Anthelminthic drugs  
 2.3.1 Praziquantel 

The general information of Praziquantel (PZQ), is 2- (cyclohexylcarbonyl) -1, 2, 

3, 6, 7, 11b-hexahydro-4H-pyrazino [2,1-a] isoquinolin-4-one. Initially chosen for its 

anthelmintic properties in the mid-1970s, praziquantel was first utilized in the 

treatment of veterinary cestode and trematode infections. Subsequently, its 

application expanded to various human trematode infections, and it is currently 

regarded as the primary therapeutic agent for all forms of schistosomiasis (Cioli and 

Pica-Mattoccia, 2003). In its physical state, the drug appears as a white solid with a 

bitter taste, demonstrating stability under normal conditions. (Gonnert and Andrews, 

1977). The pharmacokinetics of PZQ indicate that after oral administration, 

praziquantel appears in the bloodstream within approximately 15 minutes and reaches 

its peak concentration after 1-2 hours (Leopold et al., 1978; Valencia et al., 1994). 

Metabolism of praziquantel, when intravenously injected in animals, results in the 

rapid elimination of the sum of unchanged drug and metabolites from the intravascular 

space, with a half-life of 3 hours (phase I) and 8 hours (phase II). However, elimination 

of praziquantel itself is considerably shorter, approximately 1 hour. Following oral 

administration, praziquantel is almost entirely absorbed from the gastrointestinal tract, 

with maximum serum concentrations reached within 30 minutes to 1 hour (Steiner et 

al., 1976). The primary enzyme involved in praziquantel metabolism is microsomal 
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cytochrome P450, with main metabolites represented by mono-, di-, and tri-

hydroxylated compounds (Cioli and Pica-Mattoccia, 2003). 

2.3.2 Praziquantel opisthorchiasis treatment  

Praziquantel (PZQ) has emerged as a highly effective chemotherapy option and 

is now the preferred treatment for opisthorchiasis. Opisthorchiasis treatment, the 

World Health Organization (WHO) recommends a praziquantel regimen of 25 mg/kg 

three times a day for 2 days (CDC, 2024). Further investigations into optimal dosing 

have been conducted. A systematic review and network meta-analysis found that 

administering praziquantel at doses of 50 mg/kg and 25 mg/kg of praziquantel given in 

a single day showed the highest predicted cure rate [93·8% (85·7–97·5)], while a single 

dose of 50 mg/kg praziquantel also resulted in a high predicted cure rate [92·1% (64·9–

98·6)] (Qian et al., 2022). 

The PZQ treatment, despite its effectiveness, can lead to adverse effects, 

primarily due to the induction of inflammation and subsequent oxidative and nitrative 

stress caused by the release of O. viverrini antigens. This presents a significant risk factor 

for the development of cholangiocarcinoma (CCA) in infected individuals (Pinlaor et 

al., 2009). Moreover, repeated treatment with PZQ, and consequently repeated 

infection with O. viverrini, is correlated with an elevated risk of CCA occurrence (Kamsa-

Ard et al., 2015). Statistically, repeated PZQ treatment is associated with papillary and 

intrahepatic CCA (Luvira et al., 2018). Additionally, recurrent infections with O. viverrini 

followed by repeated PZQ treatment are linked to a high reinfection rate of nearly 

90%, further heightening the risk of cholangiocarcinoma development (Hanpanich et 

al., 2017). 

However, concerns are mounting due to the emergence of drug resistance and 

the side effects associated with PZQ treatment (Cioli and Pica-Mattoccia, 2003; Erko et 

al., 2012; Fallon and Doenhoff, 1994). Previous reports indicate PZQ resistance among 

certain strains of S. mansoni (Doenhoff et al., 2008; Gryseels et al., 2001; Stelma et al., 

1995), as well as its ineffectiveness against schistosomula and the early developmental 
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stages of Schistosoma spp. (Sabah et al., 1986), potentially diminishing its efficacy in 

regions where schistosomiasis is endemic (Cioli and Pica-Mattoccia, 2003). 

2.3.3 Praziquantel mechanism of action  

The mechanism of action of praziquantel (PZQ) remains unclear. Evidence 

suggests that PZQ disrupts calcium-mediated processes in adult schistosomes, 

potentially by antagonizing (or partially agonizing, resulting in dysregulation) the 

parasite’s voltage-gated calcium (Cav) channels and/or molecules that interact with 

and regulate these channels (Greenberg et al., 2005). Previous reports have linked 

exposure of schistosomes to the drug with calcium influx and muscular contraction, 

suggesting that calcium channels may be the target (Angelucci et al., 2007). Despite its 

high effectiveness, the molecular-level mechanism of action of PZQ remains 

incompletely understood. However, studies have observed that schistosomes exposed 

to the drug, both in laboratory settings and within living organisms, experience paralysis 

of their musculature. These findings suggest that PZQ induces a rapid influx of calcium 

ions (Ca2+) within the schistosome, disrupting its inorganic ion transport mechanism 

and ultimately leading to the contraction of its musculature (Becker et al., 1980; Pax 

et al., 1978). 

 

2.4. The effects of herbal on parasite 
2.4.1 The herbal study on O. viverrini 

Previous research has investigated herbal remedies against O. viverrini both in 

vitro and in vivo. Wannachat et al. (2020) reported similar findings using a crude extract 

from Areca catechu on O. viverrini, indicating a rapid decrease in motility with increasing 

concentrations of the A. catechu extract. Aukkanimart et al. (2015) examined the 

antioxidant, anti-inflammatory, and anthelmintic effects of the traditional folk medicine 

Garcinia mangostana pericarp extract in hamsters with opisthorchiasis. Intuyod et al. 

(2014) studied the activity of an anthocyanin complex containing cyanidin and 

delphinidin-rich extracts derived from turmeric against inflammation and periductal 

fibrosis in hamsters infected with O. viverrini. Additionally, Wonkchalee et al. (2012, 
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2013) demonstrated the efficacy of T. laurifolia in reducing inflammation resulting from 

pathological alterations in O. viverrini-infected hamsters.  

 

Table 2.1 The efficacy of herbal remedies against O. viverrini  

Herbs Concentration/ dose Result Reference 

Areca catechu 

crude extract 

1, 5,10 mg/ml (in vitro) 

and 100 mg/kg 12 

week (in vitro) 

A rapid decrease in motility of 

O. viverrini worms is observed 

with increasing concentrations 

of the A. catechu extract. 

The reduction in egg 

production and worm burden 

(Wannachat,et 

al., 2020)  

Garcinia 

mangostana 

pericarp extract 

powder 

100 mg/kg/day 

administered to O. (in 

vivo) 

Anti-inflammatory 

interfere with parasite 

development 

(Aukkanimart et 

al., 2015) 

Anthocyanins 

extract from 

purple waxy corn, 

petals of blue 

butterfly pea and 

turmeric 

175 and 700 mg/kg 

body weight every day 

for 1 month (in vivo) 

Increases free-radical 

scavenging capacity. 

Decreases inflammation 

suppresses oxidative/nitrative 

stress. 

Reduces liver injury and 

periductal fibrosis. 

(Intuyod et al., 

2014) 

Thunbergia 

laurifolia Fresh 

and dried leaves 

extract 

100 mg/kg/day and 

100 mg/kg/dose 

combination with PZQ 

(in vivo) 

Antioxidant 

Antiinflammatory properties 

(Wonkchalee et 

al., 2013; 2012) 

 

2.4.2 Allium sativum 

A. sativum (Garlic) belongs to the family Liliaceae, is grown globally primarily 

for the fleshy segments, known as cloves, within its bulbs (Figure 2.5). The garlic bulb 

is rounded and comprised of about 15 smaller bulblets called cloves, all enveloped 
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in a whitish or pinkish papery coat. It features four to twelve long, sword-shaped leaves 

attached to an underground stem. The flowers are densely packed in a spherical 

cluster on a spike that can extend up to 25 cm in length. Typically, the flowers fail to 

mature to a stage conducive for fertilization, resulting in abortion. While seeds are not 

commonly found in the wild, they have been successfully cultivated under laboratory 

conditions, exhibiting a black coat similar onion seed (Alam et al., 2016). 

A. sativum contains an abundance of sulfur-based compounds, which impart 

its distinctive flavor and aroma, and are also associated with its beneficial effects (Butt 

et al., 2009). A. sativum is among the plants utilized for maintaining health and treating 

various ailments, known for its minimal or absence of side effects. A. sativum 

composition includes water (constituting 65% of its fresh weight), along with 

carbohydrates, proteins, lipids, fiber, vitamins, and minerals. The primary compounds 

found in garlic comprise organic sulfides, saponins, phenolic compounds, and 

polysaccharides (Zhong et al., 2019). One of its bioactive compounds, particularly 

allicin, is an organic sulfide predominantly present in freshly crushed garlic (comprising 

1.1-3.5% of its fresh weight) (Hirsch et al., 2000). Most of the biological effects of garlic 

are attributed to its characteristic organosulfur compounds. Allicin (diallyl thiosulfate) 

has been reported to exhibit various biological activities, including antibacterial, 

antifungal, antiviral, antiparasitic, anticancer, and immunomodulatory effects on 

parasite-host interactions (Arreola et al., 2015; Cortes et al., 2017; Metwally et al., 2018; 

Liu et al., 2009). Furthermore, A. sativum has shown therapeutic potential against 

cardiovascular diseases, provides antioxidant effects, and offers protection to the liver 

from toxins and alcohol (Corzo-Martínez et al., 2007; Rabinkov et al., 1998). 
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Figure 2.5 Thai A. sativum, cloves (A), bulbs (B), and peel (C) (Cr. Pechdee, 2024). 

 

2.4.3 The phytochemistry compound of A. sativam  
The potential bioactive compounds found in A. sativam were categorized into 

several groups, depending on whether the garlic is intact or processed (Rana et al., 

2011). Key bioactive compounds in garlic include thiosulfinates, which consist of δ-

glutamyl-S-allyl-L-cysteines and S-allyl-L-cysteine sulfoxides (alliin). These compounds 

serve as precursors to various compounds. Typically, when raw garlic is cut or crushed, 

these sulfoxides are converted into thiosulfinates (such as allicin) through enzyme-

catalyzed reactions (Fujiwara et al., 1958). Other thiosulfinates found in garlic include 

allylmethyl-, methylallyl-, and trans-1-propenyl-thiosulfinate, which, like allicin, are all 

unstable (Lawson et al., 1991).  

Organosulfur volatiles, A. sativam contains a wider variety of organosulfur 

volatiles than intact A. sativam. Major sulfides in A. sativam oil include diallyl disulfide 

(DADS) and diallyl sulfide (DAS), which result from the breakdown of allicin. The main 

volatiles identified in disrupted garlic and garlic essential oil include DAS, DADS, diallyl 

trisulfide, methylallyl disulfide, methylallyl trisulfide, vinyldithiins, and ajoenes. These 

are also significant components of steam-distilled A. sativam oil and oil-soluble             

A. sativam extracts, but with varying compositions (Amagase, 2006; Moutia et al., 2018).  

Water-soluble organosulfur compounds, such as those found in aqueous and 

alcoholic A. sativam extracts, primarily consist of S-allyl-L-cysteines (SAC) derived from 

δ-glutamyl-S-allyl-L-cysteines. Additionally, these extracts contain trans-S-1-propenyl-

L-cysteine and a small amount of S-methyl-L-cysteine (Amagase, 2006). 
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Furthermore, A. sativam contains other compounds such as lectins, 

prostaglandins, pectin, adenosine, fructan, vitamins B1, B2, B6, C, and E, biotin, nicotinic 

acid, glycolipids, phospholipids, fatty acids, and essential amino acids. Additionally, 

sapogenins and steroid saponins in garlic exhibit important pharmacological activities, 

including antifungal, antitumor, antithrombotic, and hypocholesterolemic effects 

(Moutia et al., 2018). 

2.4.4 Thunbergia laurifolia 

T. laurifolia (Rang Chuet in Thai), is a climbing plant characterized by smooth, 
opposing leaves along the stem. These leaves measure 8-10 cm in length and 4-5 cm 
in width, with a broad base that tapers to a pointed tip, often featuring scalloped lobes 
near the base. The flowers of this plant are trumpet-shaped, while the seed pod takes 
on a cone-shaped form, measuring approximately 1 cm in length with a rounded base. 
Notably, the purple flower variant of T. laurifolia has been noted for its diverse 
pharmacological properties, particularly in extracts derived from its stems, roots, and 
leaves (Junsi and Siripongvutikorn, 2016). 

T. laurifolia is extensively utilized for its detoxifying properties against lead 
poisoning and other toxins, as well as for its antioxidant, anti-inflammatory, 
hepatoprotective, antitumor, and antihyperglycemic activities (Palipoch et al., 2011; 
Oonsivilai et al., 2007). In Thailand, T. laurifolia was included in the "National List of 
Essential Herbal Drugs A.D. 2011" by the Ministry of Public Health for the treatment of 
poisoning symptoms and fever (Thai-FDA, 2020). The leaf extract of T. laurifolia is 
primarily employed as an antidote for intoxications caused by insecticides, herbicides, 
lead, alcohol, and chemical toxins (Palipoch et al., 2011; Rocejanasaroj et al., 2014). 
Furthermore, it has demonstrated various pharmacological activities including 
antiproliferative, hepatoprotective, detoxifying, antimicrobial, antidiabetic, anti-
inflammatory, and non-toxic effects (Chan et al., 2011).  
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Figure 2.6 T. laurifolia leaves (Cr. Pechdee, 2024)  

 
2.4.5 The phytochemistry compound of T. laurifolia 
The phytochemical analysis of T. laurifolia leaves reveals the presence of 

compounds grouped into five categories. Group 1 comprises sterols, including beta-

sitosterol, stigmasterol, and alphaspinasterol. Group 2 consists of phenolics such as 

rosmarinic acid, apigenin, caffeic acid, gallic acid, and protocatechuic acid. Group 3 is 

carotenoids such as lutein and group 4 are unclassified steroids. Group 5 consists of 

glycosides, including grandifloric acid, benzyl β-glucopyranoside, benzyl β-(2’-O-β-

glucopyranosyl)-glucopyranoside, 6-C-glucopyranosyl apigenin, 6,8-di-C-glucopyranosyl 

apigenin, (E)-2-hexenyl-β-glucopyranoside, and hexanol-β-glucopyranoside (Chan et al., 

2011; Junsi and Siripongvutikorn, 2016). Other components, such as fiber, ash, protein, 

fat, and carbohydrate percentages in the leaf were analyzed proximately, with values 

of 16.8, 18.8, 16.7, 1.68, and 46.0%, respectively, based on dry weight (Jaiboon et al., 

2010). 

Notably, rosmarinic acid is identified as the primary component in T. laurifolia 
leaf water extract. This compound has garnered significant attention due to its diverse 
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pharmacological effects, including anti-inflammatory, antioxidant, antidiabetic, and 
hepatoprotective properties. Its broad spectrum of pharmacological activities renders 
it promising for drug development. The efficacy and safety of rosmarinic acid are 
contingent upon its pharmacokinetics, with bioavailability being a critical factor in the 
successful utilization of medicinal herb extracts (Guan et al., 2022; Woottisin et al., 
2022).  

2.4.6 Eurycoma longifolia  

E. longifolia (known as Plarai Pleak in Thai and Tongkat Ali in Malaysia) is                
a slender evergreen tree that grows wild at an altitude of approximately 500 meters 
above sea level in the forests spanning Malaysia, Borneo, southern Myanmar, 
Cambodia, Vietnam, Laos, Thailand, Indonesia, and the Philippines. It is an evergreen, 
slow-growing herbal plant, reaching a maximum height of 15-18 m and bearing fruit 
after nearly 2–3 years of cultivation. The fruits start green, measuring 2-3 cm in length, 
and mature into a dark red color upon ripening. Its leaves are pinnate, arranged spirally, 
and elongated (10-15 inches) with 10–30 leaflets. Large panicles bear its flowers, and 
the plant is dioecious, with male and female flowers appearing on separate trees. 
Naturally thriving on wild jungle slopes, this plant is widely sought after either on its 
own or as an essential component in herbal remedies for various ailments and as 
health supplements (Bhat and Karim, 2010; Wizneh and Asmawi, 2014). The roots of   
E. longifolia have exhibited various biological activities, including anti-cancer, 
antimicrobial, anti-parasitic, hypertension regulation, anti-pyretic properties, and 
enhancement of male testosterone levels (Al-Salahi et al., 2013; Hout et al., 2006; 
Rehman et al., 2016). 
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Figure 2.7 E. longifolia, Root (A) and Tree (B). (Pharmaceutical Sciences, Ubon 

Ratchathani University, 2010a). 

 
2.4.7 The phytochemistry compound of E. longifolia 

The E. longifolia serves as a rich source of various classes of bioactive 

compounds, including quassinoids, β-carboline alkaloids, canthin-6-one alkaloids, 

triterpene-type tirucallane, squalene derivatives, and a range of lactones such as 

eurycolactone, eurycomalactone, laurycolactone, biphenyl neolignan, and bioactive 

steroids (Bhat and Karim, 2010).  

The major constituents in E. longifolia along with their secondary metabolites include:  

Quassinoids consist of various types of eurycomanone (pasakbumin-A), eurycomanols, 

pasakbumin-B, hydroxyklaineanones, eurycomalactones, eurycomadilactones, eurylactones, 

laurycolactones, longilactones, and hydroxyglaucarubol (Chan et al., 1989). 

Squalene derivatives include Teurilene, eurylene, 14-deacetyleurylene, and 

longilene peroxide (Itokawa et al., 1991). 

Biphenyl neolignans comprise 2-hydroxy-3,2,6-trimethoxy-4-(2,3-epoxy-1-

hydroxypropyl)-5-(3-hydroxy-1-propenyl)-biphenyl; two isomeric 2,2-dimethoxy-4-(3-

hydroxy-1-propenyl)-4-(1,2,3-trihydroxypropyl) diphenyl ethers; and 2-hydroxy-3,2-

dimethoxy-4-(2,3-epoxy-1-hydroxypropyl)-5-(3-hydroxy-1-propenyl)biphenyl (Morita et 

al., 1992). 
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Alkaloids consist of 5,9-dimethoxycanthin-6-one; 9,10-dimethoxycanthin-6-one, 

11-hydroxy-10-methoxycanthin-6-one; 10-hydroxy-9-methoxycanthin-6-one; and 9-

methoxy-3-methylcanthin-5,6-dione (Mitsunaga et al., 1994). 

The root, particularly, contains a high concentration of eurycomanone,                

a bioactive compound derived from quassinoid metabolites that holds significant 

medicinal value (Hada Masayu et al., 2017; Jusoh et al., 2015). The presence of 

eurycomanone and its derivatives in E. longifolia has shown promising effects, including 

energy enhancement, muscle mass augmentation, bone mass increase, and 

amelioration of sexual dysfunction (Abd Aziz et al., 2021). 

 

2.5 Oxidative stress 
Oxidative stress arises from an imbalance in the production of reactive oxygen 

species (ROS) within the body, disrupting its capacity to detoxify these reactive 

intermediates or repair resulting damage to cellular and organ systems. The 

intracellular redox balance, reflecting the equilibrium between oxidizing and reducing 

agents within cells, is closely tied to the antioxidant peptide glutathione. Enzymes 

regulate glutathione levels intracellularly to maintain a reducing environment. 

Although some ROS are continually generated at low levels during normal metabolic 

processes, enzymes typically regulate these levels. However, disturbances in the redox 

balance can lead these moderately reactive species to interact with transition metals 

or other components of the redox cycle, resulting in the formation of highly reactive 

oxygen species. These highly reactive species can potentially cause significant damage 

to cell membranes, lipids, proteins, DNA, and cellular organelles (Burton and Jauniaux, 

2011; Storz and Imlayt, 1999). 

2.5.1 Free radical  

When cells utilize oxygen for energy production through ATP (Adenosine 

triphosphate) synthesis in mitochondria, they concurrently generate free radicals, 

namely ROS and Reactive Nitrogen Species (RNS). These by-products play a dual role 

as both beneficial and harmful compounds, significantly impacting cellular functions. 
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ROS and RNS at low or moderate levels support cellular responses and immune 

function. However, elevated concentrations lead to oxidative stress, damaging cell 

structures and contributing to chronic conditions such as cancer, arthritis, and 

neurodegenerative diseases. To counter oxidative stress, the body employs 

antioxidants, either produced internally or obtained from diet or supplements. These 

antioxidants neutralize ROS and RNS, bolstering immune defenses and potentially 

reducing the risk of degenerative diseases. (Pham-Huy et al., 2008). 

ROS and RNS collectively encompass free radicals and other non-radical 

reactive derivatives, also referred to as oxidants. Radicals are less stable compared to 

non-radical species but demonstrate stronger reactivity. A molecule that contains one 

or more unpaired electrons in its outer shell is characterized as a free radical (Dröge, 

2002; Valko et al., 2004; Bahorun et al., 2006). Free radicals encompass hydroxyl (OH•), 

superoxide (O2
•ˉ), nitric oxide (NO•), nitrogen dioxide (NO2

•), peroxyl (ROO•), and lipid 

peroxyl (LOO•). Additionally, hydrogen peroxide (H2O2), ozone (O3), singlet oxygen (1O2), 

hypochlorous acid (HOCl), nitrous acid (HNO2), peroxynitrite (ONOOˉ), dinitrogen 

trioxide (N2O3), and lipid peroxide (LOOH) are not free radicals but are generally 

classified as oxidants. Nevertheless, they can readily initiate free radical reactions within 

living organisms. Biological free radicals are thus highly reactive molecules with 

unpaired electrons capable of reacting with various organic substrates such as lipids, 

proteins, and DNA (Genestra, 2007; Pham-Huy et al., 2008). 

2.5.2 Generation of free radicals and oxidants 

ROS and RNS are formed within cells through enzymatic and non-enzymatic 

reactions. Enzymatic reactions, such as those in the respiratory chain, phagocytosis, 

prostaglandin synthesis, and cytochrome P450 system, generate free radicals. For 

instance, the superoxide anion radical (O2
•ˉ) is produced by oxidase systems like 

NADPH oxidase and xanthine oxidase, leading to the formation of hydrogen peroxide, 

hydroxyl radical (OH•), peroxynitrite (ONOOˉ), and hypochlorous acid (HOCl). Hydroxyl 

radical, the most reactive free radical in vivo, forms via the Fenton reaction catalyzed 

by Fe2+ or Cu+ ions. Hypochlorous acid (HOCl) is generated by myeloperoxidase in 
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neutrophils, while nitric oxide radical (NO•) arises from the oxidation of L-arginine by 

nitric oxide synthase in biological tissues (Bahorun et al., 2006; Dröge, 2002; Genestra, 

2007; Pham-Huy et al., 2008) (Figure 2.8). Free radicals can originate from non-

enzymatic reactions of oxygen with organic compounds, as well as from ionizing 

radiations. Nonenzymatic processes occur during oxidative phosphorylation (aerobic 

respiration) in mitochondria. ROS and RNS are produced from both endogenous and 

exogenous sources. Endogenous free radicals stem from immune cell activation, 

inflammation, mental stress, excessive exercise, ischemia, infection, cancer, and aging. 

Exogenous ROS/RNS arise from environmental factors such as air and water pollution, 

cigarette smoke, alcohol, heavy metals (Cd, Hg, Pb, Fe, As), certain drugs (cyclosporine, 

tacrolimus, gentamycin, bleomycin), industrial solvents, cooking processes (smoked 

meat, used oil, fat), and radiation. Upon entry into the body via various routes, these 

exogenous compounds decompose or metabolize into free radicals (Genestra, 2007; 

Valko et al., 2004, 2007). 

 

 



25 
 

 

Figure 2.8 Main pathways for the formation of ROS and NOS. Mitochondria are the 

major source of cellular ROS during respiratory processes (Tell et al., 2013). 

 

2.5.3 Nitric oxide (NO)  

Nitric oxide (NO) serves as a vital biological mediator, playing crucial roles across 

various biological processes in fields such as biochemistry, physiology, immunology, 

and neuroscience. It is synthesized as a free radical from L-arginine by the enzyme 

Nitric Oxide synthase (NOS), which is encoded by separate genes and is highly regulated 

in biology. Several cofactors participate in this synthesis process, including oxygen, 

tetrahydrobiopterin (BH4), nicotinamide-adenine dinucleotide phosphate (NADPH), 

flavin adenine dinucleotide (FAD), and flavin mononucleotide (FMN) (Benz et al., 2002; 

Khazan and Hedayati, 2015). 

There are three identified isoforms of Nitric Oxide synthase (NOS), as detailed 

in (Table 2.2). The neuronal isoform (nNOS or NOS1) and the endothelial isoform (eNOS 
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or NOS3 or cNOS) are constitutive enzymes that are calcium-dependent (cNOS). In 

contrast, the inducible isoform (iNOS or NOS2) is calcium-independent (Nahrevanian, 

2009; Pacher et al., 2007). NO functions as a retrograde neurotransmitter and is 

produced by the neuronal isoform in both the central and peripheral nervous systems, 

suggesting its role in memory and learning processes. Additionally, nNOS regulates 

cardiac function, peristalsis, and sexual arousal in males and females. An alternatively 

spliced form of nNOS acts as a major muscle protein that responds to calcium release 

from the sarcoplasmic reticulum (SR). The inducible isoform iNOS produces large 

amounts of NO as part of a defensive mechanism. It is synthesized by various cell 

types in response to cytokines and plays a critical role in the body's defense against 

parasites, bacterial infections, and tumor growth. However, iNOS can also contribute 

to septic shock and may be involved in autoimmune diseases Endothelial NOS (eNOS) 

generates NO in blood vessels and is involved in regulating vascular function, cardiac 

function, angiogenesis, insulin secretion, and airway tone. eNOS is particularly crucial 

in controlling smooth muscle tone (Förstermann and Sessa, 2012; Khazan and 

Hedayati, 2015; Nahrevanian, 2009; Pacher et al., 2007). 

Additionally, non-enzymatic production of NO occurs through the one-electron 

reduction of nitrite, a reservoir of NO in blood and tissues. This process appears to be 

widespread and is significantly accelerated under hypoxic conditions. This discovery 

challenges the traditional view that nitrate and nitrite are merely waste products of 

NO. NO can react with oxygen, metals, and free radicals. Biological transformations of 

NO into its forms (NOx) include NO2, N2O3, NO2 (nitrite), and NO3 (nitrate) in blood, 

influenced by diffusion, convection, distribution coefficients, and chemical reactions 

across different compartments of human blood. The rates of NO formation and 

clearance determine its steady-state concentration. NO is beneficial at low 

concentrations (nanomolar) but can become toxic at higher levels (micromolar) or in 

the presence of ROS such as H2O2 and O2•ˉ(Förstermann and Sessa, 2012; Khazan and 

Hedayati, 2015). 
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Table 2.2 Characteristics of NOS Isoforms [modified from (Khazan and Hedayati, 2015)] 

Name Gene(s) Location Function 
Ca2+ 

Dependency 
Neuronal 
NOS 
 (nNOS, 
NOS1)  
 

NOS1, 
chromosome 
12  
 

nervous 
tissue, skeletal 
muscle type II  
 

cell communication, signal 
transduction, 
neurotransmission 

Ca2+ 
dependent 
 

Inducible 
NOS (iNOS, 
NOS2) 

NOS2, 
chromosome 
17 

Immune 
system, 
cardiovascular 
system 

Immune defense against 
pathogens 

Ca2+indepen
dent 

Endothelial 
NOS (eNOS, 
NOS3, cNOS) 

 NOS3, 
chromosome 
7 

endothelium vasodilation, modulation of 
platelet 
aggregation, modulation of 
leukocyte 
endothelial interactions 

Ca2+ 
dependent 
 

 

2.5.4 The beneficial activities of free radicals  

At low or moderate concentrations, ROS and RNS play essential roles in cellular 

structure maturation and act as defenders in the immune system. Phagocytes release 

these radicals to combat invading pathogens, crucial for protecting against disease . 

Patients with granulomatous disease demonstrate the necessity of ROS production 

through the NADPH oxidase system, as their impaired function leads to recurrent 

infections. Additionally, ROS and RNS contribute beneficially to cellular signaling 

systems, regulated by nonphagocytic NADPH oxidase isoforms in various cell types. For 

instance, nitric oxide (NO) serves as an intercellular messenger influencing blood flow, 

thrombosis, and neural function. Furthermore, these radicals contribute to nonspecific 

host defense, aiding in the elimination of pathogens and tumors, and can induce 

mitogenic responses. In summary, ROS/RNS at controlled levels are crucial for human 

health (Dröge, 2002; Pham-Huy et al., 2008; Valko et al., 2007). 
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 2.5.5 The deleterious activities of free radicals 

Excessive production of free radicals and oxidants results in oxidative stress, a 

harmful process that significantly impacts cell membranes and various structures such 

as proteins, lipids, lipoproteins, and DNA. Oxidative stress occurs when cells fail to 

adequately neutralize the excess free radicals generated, creating an imbalance 

between their formation and neutralization by antioxidants. For instance, excessive 

hydroxyl radicals and peroxynitrite can lead to lipid peroxidation, resulting in the 

production of cytotoxic and mutagenic compounds like malondialdehyde (MDA) and 

conjugated dienes. Lipid peroxidation spreads rapidly through a radical chain reaction, 

affecting numerous lipid molecules. Proteins are also susceptible to damage by 

ROS/RNS, causing structural alterations and loss of enzymatic function. DNA damage 

from oxidative stress results in various lesions that can induce mutations. To 

counteract these effects, the body employs DNA repair enzymes and antioxidants. 

Failure to regulate oxidative stress properly can contribute to chronic and degenerative 

diseases, accelerate the aging process, and exacerbate acute pathologies such as 

trauma and stroke (Halliwell, 2007; Pham-Huy et al., 2008; Willcox et al., 2004). 

2.5.6 ROS detection methods  

The diversity of free radicals and the various mechanisms of antioxidant action, 

multiple methods are employed to assess these capabilities. For instance, the ability 

to scavenge free radicals is evaluated using stable free radicals like DPPH•. The FRAP 

assay measures the ability to reduce ferric ions (FRAP). Additionally, the antioxidant 

properties of cell extracts are tested using the DCFH-DA assay. This assay involves the 

use of DCFH-DA (2’, 7’-dichlorofluorescin-diacetate), a nonfluorescent compound that 

penetrates cells. Once inside, esterase enzymes cleave off the diacetate group from 

DCFH-DA, converting it into DCFH, which is more polar. Intracellular free radicals oxidize 

DCFH to produce the fluorescent compound DCF, emitting light. Therefore, the 

fluorescent signal from DCF reflects intracellular oxidative stress within the cell (Datta 

et al., 2019; Goel et al., 2020; Wolfe and Liu, 2007). 
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2.5.7 NO detection methods  

NO exhibits extremely low stability in the body, degrading rapidly after 

synthesis with an average half-life of about 3-6 seconds in tissues and 1-2 seconds in 

blood. Upon synthesis, NO quickly oxidizes in the presence of oxygen to form nitrite 

and nitrate, metabolic by-products found in plasma and whole blood, respectively. 

Nitrite can further convert to nitrate under oxygen-sufficient conditions. The half-lives 

of nitrate and nitrite in the circulatory system are approximately 5-8 hours and 110 

seconds, respectively. Because of NO short half-life, directly measuring its synthesis is 

challenging, prompting researchers to focus on measuring its metabolite products, 

nitrite and nitrate. Various methods are available for NO measurement, including UV 

absorbance, GC-MS, HPLC, ion-selective electrode, capillary electrophoresis, 

fluorescent assay, chemiluminescence assay, and electrochemical detection. Among 

these, the Griess assay is widely preferred due to its speed, simplicity, cost-

effectiveness, and accuracy. It correlates well with measurements obtained using GC-

MS for quantifying NO levels in serum (Ghasemi et al., 2007; Khazan and Hedayati, 

2015; Romitelli et al., 2007). 

 

2.6 Scanning electron microscopy 
The concept of SEM dates back to the early 20th century, originating from the 

pioneering work of physicists Ruska and Knoll in 1933 (Abdullah and Mohammed, 

2019). SEM has evolved into a crucial instrument for studying microstructural 

morphology and chemical compositions, replacing light sources with high-energy 

electron beams. This technique enables detailed examination of inorganic and 

biological materials at magnifications ranging from 1000 to over 500,000 times, with 

resolutions finer than 1 nm (Davies et al., 2022). 

2.6.1 Principle and components in an SEM 

SEM systems consist of essential components: an electron source, multiple 

electron lenses, a deflection system, a vacuum system, a control console, and various 

detectors for signal analysis. The electron gun generates and accelerates electrons 
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typically within the 0.1–30 kV energy range, selected based on considerations such as 

cost, longevity, and resolution requirements. To produce images, the beam crossover 

from the electron source must be demagnified to form a focused point or probe with 

a spot size smaller than 10 nm, achieved through electromagnetic lenses. The 

condenser lens reduces the beam size, while the objective lens focuses the electron 

probe onto the sample surface, a function controlled by the operator to achieve 

optimal image focus. Within the objective lens, additional components include the 

stigmator for correcting beam aberrations, scanning coils for moving the probe across 

the sample surface in a raster pattern with defined dwell times, and beam limiting 

apertures to control the beam size. The scanning coils create a raster pattern on both 

the sample and the viewing screen simultaneously, with the magnification ratio 

determined by the size of the sample raster projected onto the screen. For instance, 

a 10 µm wide sample raster projected at 100 mm on the screen results in a 

magnification of 10,000 times. A SEM requires a vacuum system capable of maintaining 

pressures ranging from 10-4 to 10-8 Pa, depending on the specific instrument's 

requirements and applications (Davies et al., 2022; Zhou et al., 2007). Differences 

between a light microscope and an electron microscope as detailed in (Table 2.3).  

 

Table 2.3 Difference between light microscope and electron microscope [modified 

from (Kannan, 2018)]. 

No. Feature Light microscope Electron microscope 
1. Electromagnetic 

spectrum 
Visible light, 400- 
700 nm  
Colors visible 

Electrons, app. 4nm 
Monochrome 

2. Maximum 
resolving 
power 

app. 200nm 0.5nm with very fine 
detail 

3. Maximum 
magnification 

x1000 to x1500 x500000 
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Table 2.3 (Continued) Difference between light microscope and electron microscope 

(Kannan, 2018) 

No. Feature Light microscope Electron microscope 
4. Radiation 

source 
Tungsten or quartz 
halogen lamp 

High voltage (50kV) 
tungsten lamp, Lanthanum 
hexaboride 

5. Lenses Glass Electro magnetics 
6. Interior Air-filled Vacuum 
7. Focusing screen Human eye (retina), 

photographic film 
Fluorescent (TV) screen, 
Photographic film 

8. Preparation of 
specimens 

Temporary mounts 
living or dead 

Tissues must be 
dehydrated = dead 

9. Fixation Alcohol OsO4 or KMnO4 
10. Embedding 

medium 
Wax  Resin 

11. Sectioning of 
specimen 

Hand or microtome 
sectioning < 20µm slice 
Whole cells visible 

Ultra microtome 
sectioning 
< 50nm slices 
Parts of cells visible 

12. Staining Water soluble dyes Heavy metals 
13. Support for 

sample 
Glass slide Copper grid 
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Figure 2.9 The components of SEM (Kannan, 2018) 

 

2.6.2 Specimen Preparation for SEM 

A scanning electron microscope (SEM) is utilized to capture three-dimensional 

images of specimen surfaces and to observe large objects. It functions by scanning the 

sample with a high-energy electron beam in a raster pattern. Electron interactions with 

atoms generate signals that convey details about the sample's surface topography, 

composition, and other characteristics. Ayub et al. (2017) have provided a detailed 

description of specimen preparation methods for SEM (Ayub et al., 2017). 

2.6.2.1 Cleaning the specimen surface: Thorough cleaning is essential to 

remove contaminants like dust or soil. 

2.6.2.2 Stabilizing the specimen: This step typically involves fixation 

using chemical solutions such as glutaraldehyde and osmium tetroxide to preserve the 

specimen's structure. 

2.6.2.3 Rinsing: To remove excess fixative from the specimen. 

2.6.2.4 Dehydrating: Gradually removing water from the specimen using 

acetone or ethanol. 

2.6.2.5 Drying: Ensuring the specimen is completely dry to prevent 

damage in the high vacuum environment of the electron microscope chamber. 
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2.6.2.6 Mounting: Securing the specimen onto a holder using adhesive 

or conductive tape. 

2.6.2.7 Coating: Applying a thin layer (20-30 nm) of conductive metal 

like gold or platinum to enhance specimen conductivity and prevent the buildup of 

electrical charges. 

2.6.3 Advantages of SEM  

SEM provides detailed 3D and topographical imaging, offering high-resolution 

views of surface details and morphology insights. It integrates various detectors such 

as secondary electron, backscattered electron, and energy dispersive X-ray 

spectroscopy (EDS) for comprehensive analysis of elemental composition and material 

properties. SEM operates swiftly, generating real-time or near real-time data to facilitate 

efficient analysis and experimentation. Modern SEMs produce digital data, facilitating 

convenient storage, analysis, and dissemination of research findings across academic 

communities. Moreover, SEM typically requires minimal sample preparation compared 

to other microscopy techniques, thereby reducing the time and effort involved in 

specimen preparation (Arenas-Alatorre et al., 2010; Kannan, 2018). 

2.6.4 Disadvantages of SEM  

SEM systems are costly to acquire, operate, and maintain, requiring substantial 

laboratory space due to their size and complexity. Proficiency in SEM operation 

necessitates specific training and expertise in intricate instrumentation and electron 

microscopy principles. The preparation of samples for SEM analysis can introduce 

artifacts or alter the natural state of the specimen, potentially impacting result 

accuracy. SEMs are predominantly tailored for examining solid samples and may 

require special preparation techniques to analyze liquids, gases, or delicate biological 

specimens effectively. Although minimal, there is a slight risk of radiation exposure 

associated with scattered electrons from beneath the sample surface during SEM 

operation (Arenas-Alatorre et al., 2010; Kannan, 2018). 

 

 



34 
 

2.7 Related research  
2.7.1 Effects of A. sativum to parasite 

A. sativum utility is documented in in vivo and in vitro studies, inhibiting 
protozoa, helminths and influencing immune responses. It has been observed that 
garlic demonstrates inhibitory effects on the development of various protozoa, 
including Trypanosoma brucei brucei, T. congolense, T. vivax, Trypanosoma spp., 
Entamoeba histolytica, Leishmania major and L. infantum (Behnia et al., 2008; Corral 
et al., 2016; Ghazanfari et al., 2006; Krstin et al., 2018; Nok et al., 1996; Vathsala et al., 
2020). In infected mice, garlic has also shown enhance immune response against 
Plasmodium yoelii (Feng et al., 2012). Additionally, garlic has proven effective against 
Haemonchus contortus, a parasitic nematode in ruminant animals (Palacios-Landín et 
al., 2015), Anisakis sp., a nematode in marine fish (Morsy et al., 2021). Studies indicate 
that garlic influences Schistosoma mansoni at various stages, including adult worms, 
cercaria, schistosomula, and miracidia (Mantawy et al., 2012). It has enhanced the 
immune response in mice infected with S. mansoni (Aly et al., 2017; Cortes et al., 2017; 
El Shenawy et al., 2008; Mantawy et al., 2011; Metwally, 2006, 2018; Riad et al., 2013; 
Wan et al., 2017). Furthermore, garlic extract has been shown to affect the 
morphological damage caused by the liver fluke, Fasciola gigantica (Jeyathilakan et al, 
2012; Singh et al., 2009). 
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Table 2.4 Prior studies of the efficacy of A. sativum in exerting anti-parasitic effects. 

Part/Extraction  Parasites 
Concentration/ 

dose 
Result Reference 

Bulbs/A. sativum oil  Anisakis spp. 
infected rats 

100 mg/kg BW 
daily for 21 
days 

Garlic oil exhibited 
a protective effect 
in rats inoculated 
with L3 larvae by 
ameliorating liver 
and kidney 
functions. 

(Morsy et 
al., 2021) 

Garlic pearl oil P. berghei 
infected mice 

100 ul/mouse 
on Day 3, 4 and 
5 

The garlic-arteether 
combination 
exhibited 
immunomodulatory 
and antiparasitic 
effects through the 
nitric oxide 
pathway in P. 
berghei infected 
mice. 

(Vathsala et 
al., 2020) 

Bulbs/dichloromethane 
extraction 

Trypanosoma 
brucei brucei 

Briefly, 2 x 106 
T. b. brucei 
cells/ml were 
incubated with 
3, 4 and 5 
ug/ml 

It inhibited T. b. 
brucei 
trypanothione 
reductase 
irreversibly and 
decreased the 
mitochondrial 
membrane 
potential  

(Krstin et 
al., 2018) 
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Table 2.4 (Continued) Prior studies of the efficacy of A. sativum in exerting anti-parasitic 
effects. 

Part/Extraction  Parasites Concentration/ 

dose 

Result Reference 

Bulbs/aqueous extract 
and Allicin standard 
extract 

S. mansoni 
infected mice 

50 mg/kg (Garlic 
extract) and 0.5 
uM/mouse 
(Allicin) 
pretreatment 
and 
posttreatment 
on days 49 

Garlic and allicin 
significantly 
reduced the worm 
burden and 
lowered serum 
concentrations of 
liver fibrosis 
markers and 
proinflammatory 
cytokines. 

(Metwally et 
al., 2018) 

Bulbs/ methanol 
extraction and and 
fractions 

S. mansoni 
infected mice 

2g/Kg BW 
daily for 45 
days 

A. sativum 
treatment had 
effective 
schistosomicidal 
activities, through 
reduction of worm 
burden and tissue 
eggs. 

(Aly et al., 
2017) 

Bulbs/ A. sativum oil  S. japonicum 
cercariae and 
infected mice  

for 30 min, 1h, 
and 4h (in vitro) 
and 10-2, 10-3, 
10-4, 10-5, 10-6 

(v/v) (in-vivo) 
on day 35  

Garlic oil extract 
resulted in 
mortality of S. 
japonicum 
cercariae, exhibited 
preventive efficacy 
against of infection, 
and contributed to 
a reduction in 
worm burden. 

(Wan et al., 
2017) 
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Table 2.4 (Continued) Prior studies of the efficacy of A. sativum in exerting anti-parasitic 
effects. 

Part/Extraction  Parasites Concentration/ 

dose 

Result Reference 

Allicin standard extract  Leishmania 
infantum 

15, 30, 60, 90 
uM  

Allicin Induces 
calcium and 
mitochondrial 
dysregulation 
causing necrotic 
death in 
L. infantum 

(Corral et 
al., 2016) 

Bulbs/n-hexane 
extraction 

Haemonchus 
contortus 
larvae (L3) 
and H. 
contortus 
infected 
gerbils 

40, 20, 10, 
5, 2.5, 1.25, and 
0.625 mg/ml (in 
vitro) and 40 
mg/ml daily for 
13 days (in 
vivo) 

Garlic extract 
exhibited a 68% 
larvicidal activity (in 
vitro) and resulted 
in a 68.7% 
reduction of the 
parasitic burden (in 
vivo). 

(Palacios-
Landín et 
al., 2015) 

Bulbs/crude juice 
extraction 

S. mansoni 
infected mice 

50 mg/kg 
BW/mouse 
daily for 7 
weeks 

Garlic extract  
was able to 
ameliorate genetic 
alterations in the 
DNA from 
schistosomal 
infection 

(Riad et al., 
2013) 

Allicin standard extract P. yoelii 
infected mice 

3 and 9 mg/kg 
on day 0, 3, 
and 5 post-
infections 

Allicin could 
partially protect 
host against P. 
yoelii through 
enhancement of 
the host innate and 
adaptive immune 
responses. 

(Feng et al., 
2012) 
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Table 2.4 (Continued) Prior studies of the efficacy of A. sativum in exerting anti-parasitic 
effects. 

Part/Extraction  Parasites Concentration/ 

dose 

Result Reference 

Bulbs/Aqueous extract F. gigantica 
adult worms 

1, 2.5 and 5% 
in RPMI-1640 
culture media 

The flukicidal 
effect was 
observed through a 
reduction in both 
motility and 
mortality at a 
concentration of 
5% 

(Jeyathilakan 
et al, 2012) 

Bulbs/garlic powder S. mansoni at 
different 
stages and 
infected mice  

0.5-5 ppm (in 
vitro) 2 g/100 g 
BW daily for 45 
days (in vivo) 

In vitro, they 
demonstrated 
strong biocidal 
effects against all 
stages of S. 
mansoni. In vivo, 
there was 
significant ihibition 
observed in SOD, 
CAT, GR, TrxR, and 
SDH. 

(Mantawy et 
al., 2012) 

Bulbs/garlic powder S. mansoni 
infected mice 

2 g/100 g BW 
daily for 45 
days 

There was an 
increase in 
antioxidant enzyme 
activities, coupled 
with a significant 
reduction in worm 
burden, hepatic 
and intestinal eggs, 
as well as oogram 
count. 

(Mantawy et 
al., 2011) 
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Table 2.4 (Continued) Prior studies of the efficacy of A. sativum in exerting anti-
parasitic effects. 

Part/Extraction  Parasites Concentration/ 

dose 

Result Reference 

Bulbs/crude juice 
extraction 

S. mansoni 
infected mice 

50 mg/kg BW 
daily for 7 
weeks 

Garlic treatment 
led to a significant 
reduction in egg 
and worm burden, 
accompanied by 
various 
ultrastructural 
alterations in the 
tegument 

(Riad et al., 
2009) 

Bulbs/garlic essential 
oils ether extraction 
 

F. gigantica 
adult worms  

0.1, 0.3, 1 and 3 
mg/ml for 15 
min. 

A. sativum 
essential oil 
induced an 
irreversible 
paralytic effect 
after exposure at a 
concentration of 3 
mg/ml. 

(Singh et al., 
2009) 
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Table 2.4 (Continued) Prior studies of the efficacy of A. sativum in exerting anti-parasitic 
effects. 

Part/Extraction  Parasites Concentration/ 

dose 

Result Reference 

Bulbs/ethanol:  
water (60:40) extraction 

and essential oil 

E. histolytica 0-100 mg/ml The antiamoebic 

activity of A. 

sativum extracts 

and essential oil 

was assessed at 

concentrations of 4 

mg/ml and 0.4 

mg/ml after 24 h, 

and at 

concentrations of 3 

mg/ml and 0.3 

mg/ml after 48 h, 

respectively. 

(Behnia et 

al., 2008) 

Bulbs/aqueous 
extraction 

S. mansoni 
infected mice 

125 mg/kg for 
28 days (3 
times/week) 

Improved the 
antioxidant 
capacity of mice 
schistosomiasis. 
Reduced worm 
burden and 
alteration of tissue 
eggs 

(El shenawy 
et al., 2008) 

Bulbs/Aqueous extract 
and fractions 

L. major 
infected mice 

Garlic extract 
(20 mg/kg) or 
R10 fraction 
(0.04 mg/kg) 
Intraperitoneal 
injection on 
days 3, 5, 7 and 
14  

Augments parasite 
engulfment and 
destruction of 
intracellular 
amastigotes 
by macrophages. 

(Ghazanfari 
et al., 2006) 
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Table 2.4 (Continued) Prior studies of the efficacy of A. sativum in exerting anti-parasitic 
effects. 

Part/Extraction  Parasites Concentration/ 

dose 

Result Reference 

Bulbs/A. sativum oil  S. mansoni 
infected mice 

5ml/kg BW/day 
for 8 weeks  

Garlic oils 
substantially 
normalized liver 
function enzymes 
and showed 
varying 
improvements in 
other parameters, 
notably reducing 
worm burden and 
ova count. 

(Metwally, 
2006) 

Bulbs/ Cold extraction 
of A. sativum oil 

T. b. brucei, 
T. congolense, 
and T. vivax 
infected mice 
 

1.5, 3, and 5.0 
mg/ml (in vitro) 
40, 80, and 120 
mg/kg/day 24 h 
until day 30 (in 
vivo)  

The extract 
appears to consist 
of diallyl-disulfide 
(DAD), which could 
potentially 
interfere with the 
parasites' synthesis 
of membrane 
lipids. 

(Nok et al., 
1996) 

 

2.7.2 A. sativam mechanism of action  

The mechanism of action of A. sativum against parasites, as reported by Corral 

et al. in 2016, involves the bioactive compound allicin. Allicin induces calcium and 

mitochondrial dysregulation, leading to necrotic death in L. infantum parasites. 

Exposure of the parasites to allicin results in elevated Ca2+ levels and mitochondrial 

reactive oxygen species (ROS), along with the collapse of the mitochondrial membrane 

potential and decreased ATP levels. Importantly, these effects are not associated with 

 



42 
 

plasma membrane permeabilization and allicin exposure leads to increased cytosolic 

ROS levels and induces cell cycle arrest in the premitotic G2/M phase (Coral et al., 

2016). Furthermore, the mechanism underlying the biological activity of garlic seems 

to be correlated with the quantity and composition of sulfur-containing compounds. 

It is probable that essential components within the parasitic cell, such as trypanothione 

reductase, are inhibited by the formation of disulfide bonds between the SH groups of 

crucial redox compounds and sulfur-containing secondary metabolites (Krstin et al., 

2018). 

2.7.3 Effects of T. laurifolia to parasite  

The effects of T. laurifolia on parasites, it was demonstrated that solutions 
made from fresh and dried T. laurifolia effectively reduced inflammatory cells in           
O. viverrini infected hamsters. When combined with praziquantel, T. laurifolia extract 
further reduced inflammatory cell aggregation and inhibited the development of 
cholangiocarcinoma (CCA), which was correlated with the serum ALT level in O. viverrini 
infected hamsters, without notable toxic side effects. (Wonkchalee et al., 2012, 2013). 

 
Table 2.5 Prior studies of the efficacy of T. laurifolia extract in exerting anti-parasitic 

effects. 

Part/Extraction  Parasites 
Concentration/ 

dose 
Result Reference 

Leaves/Fresh 

and dried  

O. viverrini 
infected 
hamster  

100 mg/kg/day 

daily for 30 days 

T. laurifolia fresh and dried 

solutions that clearly 

reduced the inflammatory 

cells in hamster infection 

with O. viverrini 

(Wonkchalee 

et al., 2012) 

Leaves/powder O. viverrini 
infected 
hamster 

100 mg/kg/dose 
daily for 60, 90, 
120, and 180 
days 

T. laurifolia extract 
combined with PZQ reduced 
inflammatory cell 
aggregation and inhibiting 
CCA development 

(Wonkchalee 
et al., 2013) 
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2.7.4 T. laurifolia mechanism of action  

The mode of action through which T. laurifolia impacts parasites remains 
inadequately explored. However, insights into this mechanism can be deduced from 
the broader effects of phenolic compounds on bacterial cells, as outlined by Resende 
et al. (2015). Phenolic compounds are known to act effectively at the membrane 
interface of gram-positive bacteria, significantly compromising membrane plasticity and 
thereby undermining cell integrity. This disruption ultimately leads to destabilization 
of the cell membrane and its transport systems (Resende et al., 2015). 

T. laurifolia leaf extract is considered an efficient antioxidant, as indicated by 
the study of Vale et al., 2020. They pointed out that using antioxidants, either alone 
or in combination with anthelmintic drugs, could mitigate tissue damage, infection-
related complications, and even prevent the development of cancer associated with 
infections. Therefore, antioxidants represent a potential adjuvant approach during 
treatment to reduce morbidity and mortality. Despite some successful strategies, there 
is still a long way to go in implementing novel therapies for schistosomiasis or 
opisthorchiasis (Vale et al., 2020). 

2.7.5 Effects of E. longifolia to parasite  
Previous reports on the effects of E. longifolia on parasites have indicated its 

positive antimalarial properties through both in vitro and in vivo studies involving 
chloroquine-resistant Plasmodium falciparum and P. yoelii-infected mice (Chan et al., 
2004; Hout et al., 2006; Kuo et al., 2004; Mohd Ridzuan et al., 2005, 2007; Sriwilaijaroen 
et al., 2010). E. longifolia extract has also shown potential as a therapeutic candidate 
against Blastocystis sp. and Toxoplasma gondii (Girish et al., 2015; Kavitha et al., 2012a, 
2012b). Furthermore, it has been tested against schistosomes of S. japonicum, 
demonstrating an effect on adult schistosome movement (Jiwajinda et al., 2002). 
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Table 2.6 Prior studies of the efficacy of E. longifolia in exerting anti-parasitic effects. 

Part/Extraction  Parasites 
Concentration/ 

dose 
Result Reference 

Root/aqueous 
extraction 

Blastocystis sp. 0.1 mg/ml and 
1.0 mg/ml 

Anti-protozoal activity 
at 1.0 mg/ml 

(Girish et al., 
2015) 

Root/ 
methanol 
extraction and 
fractions 

Toxoplasma 
gondii 

1.125 ug/mL 
and 1.375 
ug/mL 

T. gondii cell wall 
alterations (SEM), 
decreased cytoplasmic 
volum (TEM) and rapid 
antiparasitic activity 

(Kavitha et 
al., 2012) 

Root/ 
methanol 
extraction and 
fractions 

T. gondii 1.56–100 ug/ml anti-T. gondii activity: 
TAF 355 fraction 
(EC50 = 0.369 ug/ml) 
and TAF 401 fraction 
(EC50 = 0.882 ug/ml). 

(Kavitha et 
al., 2012) 

Roots/ 
aqueous, ethyl 
alcohol, ethyl 
acetate, 
ethanol, and 
methanol 
extraction 

P. falciparum 3.2 ng/ml-10.0 
ug/ml 

Ethanol and 
methanol extracts 
showed the higher 
antimalarial activities. 
 

(Sriwilaijaroen 
et al., 2010) 

E. longifolia 
standardized 
extract, TA164 

Plasmodium 
yoelii-infected 
mice 

10, 30, and 60 
mg/kg 

significant 
increase in the 
parasitemia 
suppression to 63, 
67 and 80%. 

(Mohd 
Ridzuan et 
al., 2007) 

Root/aqueous 
extraction 

P. falciparum 1, 2.5, 5, 10, 25 
and 50 ug/ml 

Antiplasmodial at IC50 
values of ≤4 ug/ml 

(Hout et al., 
2006)  

Root/ 
methanol 
extraction and 
fractions 

P. falciparum 64 ug/ml - 0.03 
ng/ml 

TA164 Anti-parasite 
growth (IC50=0.17 
ug/ml and IC75=6 
ug/ml)  

(Mohd 
Ridzuan et 
al., 2005) 
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Table 2.6 (Continued) Prior studies of the efficacy of E. longifolia in exerting anti-
parasitic effects. 

Part/Extraction  Parasites 
Concentration/ 

dose 
Result Reference 

Root /aqueous 
ethanol extract 

Plasmodium 
falciparum 

20 mg/ml were 
diluted with 
10% human 
serum (22 
concentrations 
of two-fold 
dilutions)  

Quassinoids and 
alkaloid are 
cytotoxicity to 
antiplasmodial activity 

(Chan et al., 
2004) 

Root/ 
methanol 
extraction and 
fractions 

P. falciparum 1.0 ug with 10% 
nondialyzed 
human plasma 

Eurycomanone and 
pasakbumi are 
antimalarial activity  

(Kuo et al., 
2004) 

Leaves/ 
ethanol extract 
for isolate 
quassinoids 
 

S. japonicum 
and P. 
falciparum 

2, 20, and 200 
uM 

Longilactone: 
significant 
antischistosomal effect 
at 200 mg/ml. 
11-
Dehydroklaineanone) 
and 15b-O-acetyl-14-
hydroxyklaineanone:  
plasmodicidal activity 
(IC50=2 ug/ml). 

(Jiwajinda et 
al., 2002) 

 

2.7.6 E. longifolia mechanism of action  

The mechanism of action of E. longifolia against T. gondii was reported by 
Kavitha et al., 2012. They demonstrated that E. longifolia extract fractions act on            
T. gondii within the cytoplasmic region. They hypothesized that these extract fractions 
may induce intracellular oxidative stress through an indirect mechanism. Mitochondria 
are known as the primary source of reactive oxygen species (ROS) within cells. 
Additionally, uncontrolled superoxide flashes in mitochondria contribute to global 
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oxidative stress, which plays a crucial role in hypoxia/reoxygenation injury in cells. This 
model offers a rational explanation for the inhibition of T. gondii growth (Kavitha et al., 
2012b). 
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2.8 Conceptual Framework 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 2.10 Conceptual framework of this research. 

  

A. sativum 
Induces dysregulation 
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CHAPTER III 
RESERCH METHODOLOGY 

 

3.1 Experimental design 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Experimental study flowchart of this study.

O. viverrini metacercaria 

hamster infection  

O. viverrini metacercaria collection A. sativum, T. laurifolia, and 

E. longifolia crude extraction 

O. viverrini adult worm collection  

140 O. viverrini NEJ and 72 adult worms were divided into 5 and 6 groups, 
respectively. These groups included negative control and positive control 
groups, as well as groups treated with different concentrations of A. sativum,  
T. laurifolia, and E. longifolia. 

The motility of worms was observed at 
difference time following score criteria. 

 Data collection and 

Statistical analysis 

  

Oxidative stress detection of 
Reactive oxygen species (ROS) and 
Nitric oxide(NO) 

Morphological study with scanning 

electron microscopy (SEM)  

O. viverrini metacercaria 
excystation 

The death of worms was confirmed 

through Trypan blue stained. 

Animal and IBC 

ethic approved  
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3.2 Location of research   
The research was conducted at the Parasitic Disease Research Center (PDRC), 

Institute of Medicine, Suranaree University of Technology, located at 111 Maha 

Witthayalai Rd, Suranaree, Mueang Nakhon Ratchasima District, Nakhon Ratchasima 

30000. The experiments were conducted between December 2022 and December 

2023. 

 

3.3 Animal ethic and biosafety ethic (IBC) preparation  
 The animal ethics protocols were approved by the Animal Care and Use 

Committee of the Institute of Research and Development, Suranaree University of 

Technology. Ethical Clearance No. SUT-IACUC-0013/2023. (Figure 1C, APPENDIX C) 

The biosafety and ethics protocols were approved by the Biosafety and Ethics 

Committee of the Institute of Research and Development, Suranaree University of 

Technology. Ethical Clearance No. SUT-IBC-008-2023. (Figure 2C, APPENDIX C) 

 

3.4 Plant crude extraction  
3.4.1 A. sativum 

A. sativum was collected from a local market in Nakhon Ratchasima Province. 

T. laurifolia leaves was harvested in the Nakhon Ratchasima Province. The roots of      

E. longifolia crude was purchased from local herbal shop that adheres to standards, 

with dried roots ground into 100 % powder.  
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Figure 3.2 A. sativum cloves (A), T. laurifolia leaves (B), E. longifolia dried roots (C). 

(Pharmaceutical Sciences, Ubon Ratchathani University, 2010b). 

 

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 Frecz Dry®, Kansas, USA) under conditions of 133x10-3 mBar for 48 hours. 

The powdered extract was stored at -20 °C until used. (the percentage yield as shown 

in Appendix A3, APPENDIX A). 
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Figure 3.3 A. sativum crude extract method 

 

3.4.2 T. laurifolia and E. longifolia 

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. A mixture comprising 10 g each of T. laurifolia and E. longifolia root 

powder was prepared by combining them with 40 ml of distilled water. 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 distilled water 

was introduced, repeating 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 FreeZone Dry®, Kansas, USA) under conditions 
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of 133x10-3 mBar for 48 hours. The resulting powdered extract was stored at -20 °C 

until used. (The percentage yield as shown in Appendix A4 and A5, APPENDIX A). 

 

 

Figure 3.4 T. laurifolia and E. longifolia crude extraction method 

 

 The percentage yield of each crude extract was determined using the formula 

below (Abbas et al., 2021). 

 

Yield (%) =       Weight of the extract (g) x100       (1) 

          Dried extract weight 
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Figure 3.5 A. sativum crude extract powder (A), T. laurifolia crude extract powder (B), 

E. longifolia crude extract powder (C). 

 

3.5 Parasite preparation 
3.5.1 O. viverrini metacercaria collection 

O. viverrini metacercaria were obtained from naturally infected cyprinid fish in 

an endemic region spanning Nakhon Ratchasima and Chaiyaphum Province, 

northeastern Thailand, between April 2023 and July 2023. Fresh cyprinid fish 

underwent digestion using the pepsin-HCl digestion method, as described below 

(Srisawangwong et al., 1997). 

3.5.1.1 Crush and blend naturally infected cyprinid fish in 0.25% pepsin. 
3.5.1.2 Incubate in shaking water bath at 37°C for 1-2 h. 
3.5.1.3 Filter the digested samples with sieve size 1000, 300 µm (keep 

sediment) and 106 µm (keep debris on sieve), respectively. 
3.5.1.4 The metacercaria and debris on 106 µm sieve will be washed 

for sedimentation several times with 0.85% NSS in a sedimentation jar until the supernatant 
clear and final step filter by sieve 250 µm and examine sediment under stereomicroscope. 

3.5.1.5 Metacercariae identification was conducted based on their 
morphology under a stereomicroscope.  
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The morphology of the metacercariae was observed under a stereomicroscope, 

revealing distinct oral and ventral suckers, with the oral sucker positioned close to the 

posterior end of the worms. The excretory bladder appeared as an oval area containing 

a dense mass of dark granules, while brownish-yellow pigments were dispersed 

throughout the body (Scholz et al., 1991; Vajrasthira et al., 1961). 

 

 

Figure 3.6 Naturally freshwater cyprinoid fish samples. 

 

 

Figure 3.7 The procedure of the Pepsin-HCl digestion method for the retrieval of           

O. viverrini metacercaria. 
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Figure 3.8 The O. viverrini metacercaria were observed under a stereomicroscope (A) 

scale bar = 400 µm, revealing the presence of oral and ventral suckers as 

well as an excretory bladder (B). Scale bar= 50 µm.  

 

3.5.2 O. viverrini metacercaria excystation 

O. viverrini metacercaria were excysted in 0.25% trypsin in 1x phosphate buffer 

saline (PBS) supplemented with 2x 200 U/ml penicillin, 200 µg/ml streptomycin for 5-

15 mins at 37 ºC atmosphere to obtained O. viverrini NEJs for the experiment (Arunsan 

et al., 2019). 
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Figure 3.9 The excysted O. viverrini metacercaria were observed under a stereomicroscope 

(A) scale bar= 400 µm, O. viverrini NEJs revealing the presence of oral and ventral 

suckers as well as an excretory bladder (B) scale bar= 50 µm. 

 

3.5.3 Animal  

Male Golden Syrian hamsters (Mesocricetus auratus), aged 6 - 8 weeks and 

weighing 80 -100 g, were utilized in this experiment. These animals were procured from 

the Laboratory Animal Facility, Faculty of Medicine, Khon Kaen University, Thailand, 

and orally infected with 50 O. viverrini metacercaria through intragastric intubation. 

Post-infection, the hamsters were housed for 2 - 3 months at the Laboratory Animal 

Facility, Center for Scientific and Technological Equipment, Suranaree University of 

Technology. They were accommodated in stainless steel cages, with 2 - 3 hamsters 

per cage, and provided ad libitum access to a standard diet and water. The room 

temperature was maintained at 23 ± 2 °C atmosphere, with a relative humidity of 45 

– 50 %, under a 12 - hour light-dark cycle.  
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Figure 3.10 The golden syrian hamsters (M. auratus) used in this study. 

 

3.5.4 Hamsters O. viverrini infection  

Hamsters were administered 50 O. viverrini metacercaria via oral intragastric 

intubation. The infection method is described below (Sripa and Kaewkes, 2002): 

3.5.4.1 The hamsters were anesthetized using 1-3% Isoflurane to induce 
asphyxiation. 

3.5.4.2 Fifty O. viverrini metacercaria were washed with 0.85% normal 
saline solution (NSS) and then drawn into a syringe with a gastric tube under a 
stereoscope. 

3.5.4.3 The gastric tube containing the metacercaria was inserted orally, 
ensuring the passage of the metacercaria to the esophagus by oral administration, 
followed by gentle pressure applied with the syringe. 

3.5.4.4 The hamsters infected were kept at the Laboratory Animal center 
for approximately 2-3 months to allow for the development of adult worms in the 
bile ducts. 
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Figure 3.11 The procedures for infecting hamsters with O. viverrini metacercaria. 

  
3.5.5 O. viverrini adult worm collection 
Three months post-infection (p.i.) of O. viverrini infected hamsters, were 

euthanized, and their livers were dissected, along with cardiac puncture blood 
collection. Adult worms were then collected from the bile ducts of the livers. The 
process of adult worm collection is described below: 

3.5.5.1 Two months post-infection, hamsters were euthanized by 
exposure to 1-3% Isoflurane (3-5 ml), ensuring indirect exposure by immersing gauze 
in a closed container and placing another layer of gauze on top to prevent direct 
contact. 

3.5.5.2 Hamster were stretched with pin on platform and then hamsters 
were opened the abdomen until to pectoral and opened the midriff of hamster by 
surgical scissors.  
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3.5.5.3 The liver of the hamsters was dissected out with surgical scissors 
and immediately placed on a petri dish containing 0.85% normal saline solution (NSS). 

3.5.5.4 Adult worms were pressed out from the liver bile ducts and 
incubated in culture media (Roswell Park Memorial Institute or RPMI-1640). 
Subsequently, actively motile adult worms were selected for further experimentation. 
 

 
Figure 3.12 The procedures for euthanizing and dissecting hamsters to collect O. viverrini 

adult worms. 

 

3.6 Anthelmintic activity on O. viverrini NEJs 
O. viverrini NEJs were allocated into six distinct groups of each herb (5 

NEJs/group, duplicate in each group): group 1 received the RPMI-1640 culture medium 
(negative control), group 2 was subjected to treatment with a standard drug of 2 mg/ml 
PZQ (Positive control), groups 3 to 6 involved treatment of O. viverrini NEJs with varied 
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concentrations of A. sativum, T laurifolia, and E. longifolia crude extract (5, 10, 20, and 
40 mg/ml), with each group supplemented with 100 µg/ml of streptomycin antibiotic, 
respectively. All groups were exposed at different time intervals (0, 30 minutes, 1 hours, 
3 hours, 6 hours, 12 hours, and 24 hours) under 37 °C atmosphere. The motility 
assessment included the evaluation of relative motility values (RM) and % survival 
index (SI) using predetermined scoring criteria at various exposure times. Ultimately, 
the mortality of O. viverrini NEJs was confirmed through the Trypan blue stain viability 
assay. 
 

 
 

Figure 3.13 Anthelmintic activity on O. viverrini NEJs 
 

3.7 Anthelmintic activity on O. viverrini adult worms  
O. viverrini adult worms were pressed from the liver bile duct and incubated 

in culture media RPMI-1640. Subsequently, the actively adult worms were selected for 

experimentation. O. viverrini adult worms were allocated into five distinct groups of 

each herb (4 worms/group, duplicate in each group): group 1 received the RPMI-1640 

culture medium, group 2 was subjected to treatment with a standard drug of 20 mg/ml 
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PZQ, groups 3 to 5 involved treatment of O. viverrini adult worms with varied 

concentrations of A. sativum, T laurifolia, and E. longifolia crude extract (20, 30, and 

40 mg/ml), with each group supplemented with 100 µg/ml of streptomycin antibiotic. 

All groups exposed at different time intervals (0, 30 minutes, 1 hours, 3 hours, 6 hours, 

12 hours, and 24 hours) under 37 °C atmosphere. The motility assessment included 

evaluating relative motility values (RM) and % survival index (SI) based on predefined 

scoring criteria at various exposure times. Quantification of reactive oxygen species 

(ROS) as indicators of oxidative stress was conducted using 2’,7’-

Dichlorodihydrofluorescein diacetate staining. Additionally, the morphological damage 

of O. viverrini adult worms was assessed using scanning electron microscopy (SEM). 

Ultimately, the mortality of O. viverrini adult worms was confirmed using the Trypan 

blue stain viability assay. 

 

 

Figure 3.14 Anthelmintic activity on O. viverrini adult worms. 
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3.8 Motility activity  
The motility was assessed by examining O.viverrini NEJs and adult worms under 

a stereomicroscope and scored based on the criteria established by Jiraungkoorskul 

and colleagues (2005).  

3 = moving whole body  

2 = moving only parts of the body  

1 = immobile but alive  

0 = died  

In these experiments, there were three observers who participated in scoring. 

The relative motility value (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 extracts. The RM values were 

determined employing the formula detailed below (Kiuchi et al., 1987; Lorsuwannarat 

et al., 2013). 

 

Motility index (MI) =∑nN       (2) 

           N 

Relative motility (RM) value = MI test×100     (3)

       MI control 

n = motility score,  

N = number of worms with the score of ‘‘n’’ 

 

The % Survival index (SI) was calculated to determine the percentage of live 

worms at a specific time after incubation. Worms that exhibited a motility score of 0 

were classified as died, whereas those with other scores (3, 2, and 1) were regarded as 

still alive. The SI was calculated using the formula provided below (Kiuchi et al., 1987; 

Lorsuwannarat et al., 2013). 
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% Survival index (SI) = Number of live worms (each group) x100  (4)  

          Total worms (each group)  

 

3.9 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. Following 

this, the worms underwent three washes with 1x PBS, and their viability was assessed 

under a light microscope. 

 

 

Figure 3.15 Viability assay utilizing Trypan blue stain. 

 

3.10 Measurement of Reactive oxygen species generation (ROS) 
The generation of stress induced by A. sativum, T. laurifolia, and E. longifolia 

crude extract. initiated a cellular response after 6 hours of incubation, establishing an 
equilibrium between antioxidant defenses and ROS or free radicals. Subsequently, the 
subjected O. viverrini adult worms underwent thorough rinsing with DW. Following the 
rinsing procedure, the worms were exposed to a 30 µM fluorogenic dye, 2’, 7’-
Dichlorodihydrofluorescein diacetate (H2DCFDA) (Med Chem Express®, New Jersey, 
USA), and incubated in darkness at 37°C for 30 minutes. After incubation, the samples 
underwent additional washing with DW to eliminate any surplus fluorogenic dye. Slides 
were prepared for fluorescent imaging utilizing a fluorescence microscope (Ex/Em = 
488/525 nm). The fluorescence levels generating from ROS were quantified by 
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analyzing fluorescence microscopy images through the ImageJ software. 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). (The method as shown in Appendix A6. 
APPENDIX A). 

 

 
Figure 3.16 Measurement of ROS generation in O. viverrini adult worms. 

 
3.11 Measurement of nitric oxide generation (NO) 
 3.11.1 O. viverrini adult worm protein crude extract  

The protein crude extract of O. viverrini were extracted after 6 hours of 
incubation. The process of adult worm collection is described below: 

3.11.1.1 Wash O. viverrini adult worms with NSS, then store in PBS at -
20°C. 

3.11.1.2 Place O. viverrini adult wo in PBS pH 7.4 with protease inhibitor 
and freeze at -80°C for 30 minutes. (Repeat and thaw 4-5 times). 

3.10.1.3 Sonicate samples to disrupt cells and centrifuge at 15000xg for 
30 minutes at 4°C.  

3.11.1.4 Measure protein quantity of crude protein obtained.  
 3.11.2 Griess Reagent reaction by microplate assay 

The crude protein was promptly utilized for NO detection using the Griess 
Reagent technique. In a microplate (with a sample capacity of at least 300 ul per well), 
combine the following in each well:  
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20 ul of Griess Reagent 
150 ul of the nitrite-containing sample  
130 ul of deionized water 

Prepare a photometric reference sample by mixing 20 ul of Griess Reagent and 280 
ul of deionized water. Incubate the mixture for 30 minutes at room temperature. Measure 
the absorbance of the nitrite-containing samples relative to the reference sample using a 
spectrophotometric microplate reader at time points 30 minutes, 1 hour, 3 hours, 6 hours, 
12 hours, and 24 hours. The optimal measurement wavelength is 540 nm.  

 

 
Figure 3.17 Measurement of NO generation using the Griess Reagent reaction. 

 

3.12 Morphological study by scanning electron microscope (SEM) 
 The evaluation of morphological damage in O. viverrini NEJs and adult worms, 
following 12 hours of incubation, was performed using SEM. Subsequently, the NEJs 
and adult worms underwent multiple washes with DW. The NEJs and adult worms 
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 phosphate 
buffer saline (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 
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solutions (30%, 50%, 70%, 90%, 95%, and 100% acetone) 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 3.00 kV. 
 

 
 

Figure 3.18 Morphological study of O. viverrini NEJs and adult worms using SEM. 
 

3.13 Data analysis 
The RM values and SI were analyzed through the 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) with           
a One-Way ANOVA conducted among groups to compare the mean motility scores. 
Statistical significance was determined by a P-value < 0.05. 
  

 



 
 

CHAPTER IV 
RESULTS AND DISCUSSION 

 

4.1 Results of Motility test and viability assay of O. viverrini NEJs 
Upon reaching the specified time interval, O. viverrini NEJs were observed for 

motility scoring and calculation of RM and SI values. 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 showed that O. viverrini NEJs 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 12 hours (RM = 39.29 and SI = 100). Motility 

ceased entirely by the 24-hour mark (RM = 0 and SI = 0). 

The A. sativum treated groups, at concentrations of 5, 10, 20, and 40 mg/ml, 

it was observed that the O. viverrini NEJs exhibited a decreasing motility rate at 1 hour 

in all groups. At a concentration of 5 mg/ml (RM = 42.86, 37.04, 38.46, and 35.71, SI = 

100, respectively) and 20 mg/ml (RM = 35.71, 37.04, 38.46, and 35.71, SI = 100, 

respectively), the motility rate remained constant until 12 hours and ceased entirely 

at 24 hours (RM = 0 and SI = 0). In the group with a concentration of 10 mg/ml (RM = 

35.71, 37.04, and 38.46, SI = 100, respectively), the motility rate decreased steadily 

from 1 to 6 hours and stopped entirely at 12 hours (RM = 0 and SI = 0). In the group 

with the highest concentration of 40 mg/ml (RM = 35.71 and 37.04, SI = 100, 

respectively), the motility rate decreased steadily from 1 to 3 hours and ceased entirely 

at 6 hours (RM = 0 and SI = 0) (Figure 4.1 and 4.2). 
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A comparative analysis revealed significant differences between the negative 

control group and all of A. sativum treated groups. However, there were no significant 

differences in mean motility scores between the positive control group and the             

A. sativum treated groups (P < 0.05) (Figure 4.3). 

 

 

Figure 4.1 The RM values of O. viverrini NEJs, were assessed after treatment with 5, 

10, 20, and 40 mg/ml A. sativum crude extract, compared to both negative 

and positive controls, across various time intervals. 
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Figure 4.2 The SI of O. viverrini NEJs, were assessed after treatment with 5, 10, 20, and 

40 mg/ml A. sativum crude extract, compared to both negative and positive 
controls, across various time intervals. 

 

 
Figure 4.3 Motility scores showed significant variations between the negative control 

group and all A. sativum treated groups. However, there were no notable 

differences in mean motility scores between the positive control group and 

the A. sativum treated groups (P < 0.05). 
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The T. laurifolia treated groups, at concentrations of 5, 10, 20, and 40 mg/ml, 

it was observed that the parasites exhibited a decreasing motility rate at 1 hour in all 

groups, the motility rate remained constant until 12 hours (5 mg/ml: RM = 66.67, 74.07, 

65.38, and 46.43, SI = 100, respectively. 10 mg/ml: RM = 66.67, 74.07, 50.00 and 46.43, 

SI = 100, respectively. 20 mg/ml: RM = 56.67, 59.26, 46.15, and 42.86, SI = 100, 

respectively. 40 mg/ml: RM = 36.67, 37.04, 38.46, and 35.71, SI = 100, respectively), 

and stopped entirely at 12 hours (RM = 0 and SI = 0) (Figure 4.4 and 4.5).  

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. 

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 4.6). 
 

 
Figure 4.4 The RM values of O. viverrini NEJs, were assessed after treatment with 5, 

10, 20, and 40 mg/ml T. laurifolia crude extract, compared to both negative 

and positive controls, across various time intervals. 
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Figure 4.5 The SI of O. viverrini NEJs, were assessed after treatment with 5, 10, 20, and 

40 mg/ml T. laurifolia crude extract, compared to both negative and positive 

controls, across various time intervals. 

 

 
Figure 4.6 Motility scores exhibited significant differences between the negative control 

group and the groups treated with 20 and 40 mg/ml of T. laurifolia. However, 

there were no significant differences in mean motility scores between the 

positive control group and the T. laurifolia treated groups (P < 0.05). 
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The E. longifolia treated groups, at concentrations of 5, 10, 20, and 40 mg/ml, 

it was observed that the parasites exhibited a decreasing motility rate at 1 hour in all 

groups, the motility rate remained constant until 12 hours (5 mg/ml: RM = 66.67, 74.07, 

46.15, and 42.86, SI = 100, respectively. 10 mg/ml: RM = 66.67, 74.07, 46.15, and 35.71, 

SI = 100, respectively. 20 mg/ml: RM = 66.67, 70.37, 38.46, and 35.71, SI = 100, 

respectively. 40 mg/ml: RM = 66.67, 70.37, 38.46, and 35.71, SI = 100, respectively), 

and stopped entirely at 12 hours (RM = 0 and SI = 0) (Figure 4.7 and 4.8).  

A comparative analysis was indicated significant differences between the 

negative control group and E. longifolia treated groups, as well as between the positive 

control group and E. longifolia treated groups (P < 0.05) (Figure 4.9). 

 

 
Figure 4.7 The RM values of O. viverrini NEJs, were assessed after treatment with 5, 

10, 20, and 40 mg/ml E. longifolia crude extract, compared to both negative 

and positive controls, across various time intervals. 
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Figure 4.8 The SI of O. viverrini NEJs, were assessed after treatment with 5, 10, 20, and 

40 mg/ml E. longifolia crude extract, compared to both negative and positive 

controls, across various time intervals. 

 

 
Figure 4.9 Motility scores showed no significant differences between the negative 

control group and E. longifolia treated groups, as well as between the 

positive control group and E. longifolia treated groups (P < 0.05). 
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Viability confirmation via Trypan blue staining showed no staining in the 

negative control group. In contrast, extensive Trypan blue staining was observed in the 

positive control group, as well as in all groups treated with A. sativum, T. laurifolia, 

and E. longifolia (Figure 4.10). 

 

 
Figure 4.10 Viability of O. viverrini NEJs was assessed using Trypan blue staining. In the 

negative control group (A, G, and M), no staining was observed. Conversely, 

extensive Trypan blue staining was evident in the positive control group (B, 

H, and N), as well as in all groups treated with A. sativum (D, E, and F),            

T. laurifolia (J, K, and L), and E. longifolia (P, Q, and R). 

 

4.2 Result of surface morphological changes of O. viverrini NEJs 
The surface morphological changes of O. viverrini NEJs were assessed using 

SEM post of treatment for12-hour. 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). The tegumental morphology of O. viverrini NEJs in the negative 
control group (RPMI medium) (Figure 4.11), with a scale bar of 40 µm. Specific features 
are illustrated, including the anterior end (I, scale bar = 8 µm), spines around the 
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ventral sucker (III and IV, scale bars = 8 µm and 4 µm, respectively), and the normal 
tegumental surface of O. viverrini NEJs (II, scale bar = 4 µm). 

The positive control group treated in the positive control group (2 mg/ml PZQ) 
(Figure 4.12), the images reveal swelling and stretching of the tegumental surface (I and 
III, with scale bars of 4 µm each), as well as tegumental alterations characterized by 
swelling and degradation around the ventral sucker (II, scale bar = 4 µm).  

The tegumental morphology of O. viverrini NEJs in the A. sativum treated 
groups (Figure 4.13) with concentrations of 5, 10, 20, and 40 mg/ml (A, B, C, and D), 
respectively, with scale bars of 80, 80, 70, and 70 µm, respectively. They illustrate the 
severely damaged tegumental surfaces in these A. sativum treated groups, such as 
intense swelling leading to bursting and degradation, which cannot fully depict the 
true details of the skin surface of O. viverrini NEJs, particularly at the concentrations of 
20 and 40 mg/ml.  

The tegumental morphology of O. viverrini NEJs in the T. laurifolia treated 
groups (Figure 4.14) with concentrations of 5, 10, 20, and 40 mg/ml (A, B, C, and D), 
respectively, with scale bars of 40 µm for each. At 5 mg/ml (A), the tegumental surface 
appears relatively normal with slight swelling observed in the anterior part (A, II). At 
concentrations of 10 and 20 mg/ml (B and C), the tegumental surface shows 
widespread swelling throughout the body of O. viverrini NEJs. At 40 mg/ml (D), severely 
damaged tegumental surfaces are clearly visible, characterized by extensive 
degradation along the entire body of O. viverrini NEJs.  

The tegumental morphology of O. viverrini NEJs in the E. longifolia treated 
groups (Figure 4.15) with concentrations of 20 and 40 mg/ml (A and B), respectively, 
with scale bars of 40 µm and 80 µm, respectively. (Due to the samples at 5 and 10 
mg/ml being lost during sample preparation for SEM). At 20 mg/ml (A), the tegumental 
surface shows widespread swelling throughout the body of O. viverrini NEJs. At 40 
mg/ml (B), extensive swelling and degradation are evident along the entire body, 
particularly around the anterior part near the oral sucker (B, I), where degradation 
extends to the spines due to dehydration of O. viverrini NEJs cells.  
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Figure 4.11 The SEM images depict the tegumental morphology of O. viverrini NEJs in 

the negative control group, with a scale bar of 40 µm.  

 

 

Figure 4.12 The SEM images depict the tegumental morphology of O. viverrini NEJs in 
the positive control group, with a scale bar of 40 µm. *= Alteration of 
tegumental surface by swelling expansion of tegumental surface.  
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Figure 4.13 The SEM images depict the tegumental morphology of O. viverrini NEJs in 
the A. sativum treated groups with concentrations of 5, 10, 20, and 40 
mg/ml (A, B, C, and D), respectively, with scale bars of 80, 80, 70, and 70 
µm, respectively. * = Alteration of tegumental surface by degradation or 
damage of tegumental surface. 
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Figure 4.14 The SEM images depict the tegumental morphology of O. viverrini NEJs in 
the T. laurifolia treated groups with concentrations of 5, 10, 20, and 40 
mg/ml (A, B, C, and D), respectively, with scale bars of 40 µm for each.         
* = Alteration of tegumental surface by swelling (A, II, B and C, I) and 
degradation (D, I and II). 

 

 

Figure 4.15 The SEM images depict the tegumental morphology of O. viverrini NEJs in 
the E. longifolia treated groups with concentrations of 20 and 40 mg/ml (A 
and B), respectively, with scale bars of 40 µm and 80 µm, respectively.        
* = Alteration of tegumental surface by swelling (A, I and II) and degradation 
(B, I and II). 
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4.3 Result of motility test and viability assay of O. viverrini adult worm 
Throughout the entire experimental duration, adult worms in the negative 

control group exhibited continuous active movement and sustained vitality (RM = 100 

and SI = 100).  

The positive control, at 30 minutes, the O. viverrini adult worms began to 

exhibit a continuous decrease in motility, reaching 1 and 3 hours (RM = 51.77, 50.98, 

and 43.13, SI = 100, respectively). At 6 and 12 hours, there was another decrease in 

motility (RM = 39.02 and 35.00, SI = 75.00 and 25.00, respectively), culminating in 

complete cessation of movement at the 24-hour mark (RM = 0 and SI = 0). 

The A. sativum treated groups with concentrations of 20, 30, and 40 mg/ml at 

the 0-minute mark, all worms set displayed active motility and a healthy appearance, 

resembling the negative control group, with RM = 100 and SI = 100, respectively. 

However, at the 30-minute mark, there was a rapid decrease in motility rate (RM) (RM 

= 50, SI = 100 in all concentrations, respectively), after 1 hour of exposure, the                

A. sativum treated groups at concentrations of 20, 30, and 40 mg/ml exhibited reduced 

motility, with RM values of 56.86, 47.06, and 47.06, respectively, while maintaining SI 

= 100 for all groups. By 3 hours, the A. sativum treated groups displayed a substantial 

reduction in both RM and SI (RM = 23.52, 17.64, and 15.68, SI = 50.00, 37.50, and 25, 

respectively). Consequently, all worms in these groups ceased movement or perished 

by the 6-hour assessment (RM = 0 and SI = 0) (Figure 4.16 and 4.17). 

A comparative analysis utilizing One-Way ANOVA revealed significant 

differences between the negative control group, and the A. sativum treated groups at 

concentrations of 20, 30, and 40 mg/ml. Conversely, no significant differences were 

observed between the positive control group and the 20, 30, and 40 mg/ml A. sativum 

treated groups (p < 0.05) (Figure 4.18). 
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Figure 4.16 The RM values of O. viverrini adult worms, were assessed after incubated 

with 20, 30, and 40 mg/ml A. sativum treated groups, compared to both 

negative and positive controls, across various time intervals. 

 

 

Figure 4.17 The SI of O. viverrini adult worms, were assessed after incubated with 20, 

30, and 40 mg/ml A. sativum treated groups, compared to both negative 

and positive controls, across various time intervals. 
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Figure 4.18 The mean motility scores were significantly different between the negative 
control and all groups treated with A. sativum. However, no significant 
difference was noted between the positive control and A. sativum treated 
groups (p < 0.05). 

 

The T. laurifolia treated groups with concentrations of 20, 30, and 40 mg/ml at 

the 0-minute mark, all worm sets exhibited active motility and a healthy appearance, 

resembling the negative control group, with RM = 100 and SI = 100. However, it was 

observed that the parasites exhibited a decreasing motility rate at 30 minutes in all 

groups. This motility rate remained constant until 6 hours (20 mg/ml: RM = 48.21, 52.94, 

50.97, and 60.98, SI = 100, respectively; 30 mg/ml: RM = 51.79, 64.71, 64.69, and 60.98, 

SI = 100, respectively; 40 mg/ml: RM = 50.00, 50.98, 49.01, and 63.41, SI = 100, 

respectively). Additionally, the motility rate of each group decreased once again at the 

12-hour mark (RM = 40.00, SI = 50, respectively) and ceased entirely at 24 hours (RM 

= 0 and SI = 0) (Figure 4.19 and 4.20). 

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 4.21). 

 



82 
 

 

Figure 4.19 The RM values of O. viverrini adult worms, were assessed after incubated 

with 20, 30, and 40 mg/ml T. laurifolia treated groups, compared to both 

negative and positive controls, across various time intervals. 

 

 

Figure 4.20 The SI of O. viverrini adult worms, were assessed after incubated with 20, 

30, and 40 mg/ml T. laurifolia treated groups, compared to both negative 

and positive controls, across various time intervals. 

 



83 
 

 

Figure 4.21 The mean motility scores were not significantly different between both 
the negative control and positive control groups compared to the                
T. laurifolia treated groups (p < 0.05). 

 
The E. longifolia treated groups with concentrations of 20, 30, and 40 mg/ml at 

the 0-minute mark, all worm sets exhibited active motility and a healthy appearance, 
resembling the negative control group, with RM = 100 and SI = 100. However, it was 
observed that the O. viverrini adult worms exhibited a decreasing motility rate at 30 
minutes in all groups (20 mg/ml: RM = 87.500, SI = 100; 30 mg/ml: RM = 75.00, SI = 
100; 40 mg/ml: RM = 62.50, SI = 100, respectively). Interestingly, it was found that from 
hours 1 to 12, the parasites displayed unusually high levels of active motility (20 
mg/ml: RM = 133.33, 125.47, 146.34, and 145.00, SI = 100; 30 mg/ml: RM = 115.69, 
111.74, 143.90, and 120.00 SI = 100; and 40 mg/ml: RM = 100.00, 107.82, 148.78, 110.00, 
SI = 100, respectively). When the experiment concluded at the 24-hour mark, some 
individuals worm from each group remained alive, although their motility rates had 
significantly decreased (RM = 25 and SI = 25) (Figure 4.22 and 4.23). 

A comparative analysis was indicated not significantly different between the 

negative control and E. longifolia treated groups. However, there was a significant 

difference observed between the positive control groups and the 20 mg/ml                    

E. longifolia treated groups (p < 0.05) (Figure 4.24). 
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Figure 4.22 The RM values of O. viverrini adult worms, were assessed after incubated 

with 20, 30, and 40 mg/ml E. longifolia treated groups, compared to both 

negative and positive controls, across various time intervals. 

 

 

Figure 4.23 The SI of O. viverrini adult worms, were assessed after incubated with 20, 

30, and 40 mg/ml E. longifolia treated groups, compared to both negative 

and positive controls, across various time intervals. 

 



85 
 

 

Figure 4.24 The mean motility scores were not significantly different between the 
negative control and E. longifolia treated groups. However, there was a 
significant difference observed between the positive control groups and 
the 20 mg/ml E. longifolia treated groups (p < 0.05). 

 
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 A. sativum, T. laurifolia, and E. longifolia (Figure 4.25). 
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Figure 4.25 Viability of O. viverrini adult worms were assessed using Trypan blue 

staining. the negative control group (A, F, and K), positive control group (B, 

G, and L), A. sativum treated groups (C, D, and E), T. laurifolia treated 

groups (H, I, and J), and E. longifolia treated groups (M, N, and O). Scale bar 

= 2 mm. 

 

4.4 Result of ROS generation of O. viverrini adult worm 
A significant cellular stress response, resulting in ROS generation, was evident 

in all groups following a 6-hour incubation period. ROS presence was determined using 
H2DCFDA fluorescence dye, allowing for comprehensive ROS analysis. Minimal ROS 
generation was observed in the negative control group in the anterior, middle, and 
posterior regions of the O. viverrini adult worm. In contrast, the positive control group 
displayed partial ROS generation, primarily around the oral and ventral suckers in these 
regions. 
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The A. sativum treated groups exhibited significantly higher ROS levels 
throughout the entire body of the worms, including the anterior, middle, and posterior 
regions of the O. viverrini adult worm, at concentrations of 20 mg/ml, 30 mg/ml, and 
40 mg/ml, respectively (Figure 4.26). The CTWF of the A. sativum treated groups (20, 
30, and 40 mg/ml) displayed higher fluorescence intensity compared to the control 
groups (Figure 4.27). 

 

 

Figure 4.26 The ROS generation image of A. sativum treated groups, 20 mg/ml (C, D, 

and E), 30 mg/ml (H, I, and J), and 40 mg/ml (M, N, and O) groups, 

respectively. Scale bar = 1 mm. 
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Figure 4.27 The CTWF of fluorescence intensity in the A. sativum treated groups.  
 

The T. laurifolia treated groups was 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 control group. This effect was particularly 
pronounced in certain areas such as the testes and genital pore, at concentrations of 
20 mg/ml, 30 mg/ml, and 40 mg/ml respectively (Figure 4.28). 

The CTWF was showed fluorescence intensity of T. laurifolia treated groups 
(20, 30, and 40 mg/ml) exhibited higher levels compared to the control groups (Figure 
4.29). 
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Figure 4.28 The ROS generation image of T. laurifolia treated groups, 20 mg/ml (C, D, 

and E), 30 mg/ml (H, I, and J), and 40 mg/ml (M, N, and O) groups, 

respectively. Scale bar = 1 mm. 

 

 

Figure 4.29 The CTWF of fluorescence intensity in the T. laurifolia treated groups.  
 

The E. longifolia treated groups displayed comparatively reduced levels of ROS 
across the entire body of the worms, including the anterior, middle, and posterior 
regions, in contrast to the control group. However, in specific areas such as the testes 
and genital pore, the intensity of ROS appeared to be heightened. These effects were 
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observed at concentrations of 20 mg/ml, 30 mg/ml, and 40 mg/ml respectively (Figure 
4.30). 

The fluorescence intensity of E. longifolia treated groups (at concentrations of 
20, 30, and 40 mg/ml) demonstrated relatively lower levels compared to the control 
groups, with an increase observed with higher concentrations (Figure 4.31). 
 

 

Figure 4.30 The ROS generation image of E. longifolia treated groups, 20 mg/ml (C, D, 

and E), 30 mg/ml (H, I, and J), and 40 mg/ml (M, N, and O) groups, 

respectively. Scale bar = 1 mm. 
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Figure 4.31 The CTWF of fluorescence intensity in the E. longifolia treated groups.  
 

4.5 Result of NO generation of O. viverrini adult worm 
The negative control groups, the NO levels increased from 1.454 uM to 1.526 

uM within 24 hours, representing an increase of 0.372 uM during the observation period. 

Conversely, in the positive control group, NO levels increased from 1.514 uM to 1.599 

uM within 24 hours, indicating an increase of 0.085 uM. 

The A. sativum treated groups, at a concentration of 20 mg/ml, NO levels 

increased from 1.490 uM to 1.599 uM within 24 hours, signifying an increase of 0.109 

uM. Similarly, at 30 mg/ml concentration, NO levels increased from 1.490 uM to 1.647 

uM within 24 hours, with an increase of 0.157 uM observed. Furthermore, at                      

a concentration of 40 mg/ml, NO levels increased from 1.478 uM to 1.719 uM within 

24 hours, representing an increase of 0.372 uM. However, these changes in NO levels 

were not statistically significant when compared with the negative and positive control 

groups (Figure 4. 32).  
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Figure 4.32 The alteration in NO levels due to A. sativum treatment in O. viverrini adult 

worms. 
 

The  T. laurifolia treated groups, at a concentration of 20 mg/ml, NO levels 

increased from 1.490 uM to 1.635 uM within 24 hours, resulting in a total increase of 

0.145 uM. Similarly, at a concentration of 30 mg/ml, NO levels rose from 1.611 uM to 

1.695 uM within the same timeframe, showing an increase of 0.084 uM. At the highest 

concentration tested, 40 mg/ml, NO levels increased from 1.538 uM to 1.647 uM within 

24 hours, indicating a rise of 0.109 uM. These changes in NO levels were found to be 

statistically significant when comparing both the negative control and positive control 

groups with the 30 mg/ml and 40 mg/ml concentrations of T. laurifolia treated groups 

(p < 0.05) (Figure 4. 33).  
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Figure 4.33 The alteration in NO levels due to T. laurifolia treatment in O. viverrini 

adult worms. 
 

The E. longifolia treated groups, at a concentration of 20 mg/ml, NO levels 

increased from 1.454 uM to 1.647 uM within 24 hours, resulting in a total increase of 

0.193 uM. Similarly, at a concentration of 30 mg/ml, NO levels rose from 1.430 uM to 

1.647 uM within the same timeframe, showing an increase of 0.217 uM. At the highest 

concentration tested, 40 mg/ml, NO levels increased from 1.611 uM to 1.767 uM within 

24 hours, indicating a rise of 0.156 uM.  

These changes in NO levels were found to be significantly different between 

both the negative control and positive control groups when compared to the 40 mg/ml 

concentration of E. longifolia treated groups (p < 0.05) (Figure 4.34). 
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Figure 4.34 The alteration in NO levels due to E. longifolia treatment in O. viverrini 
adult worms. 

 

4.6 Result of surface morphological changes of O. viverrini adult worm 
The negative control group with RPMI medium, the 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 (Figure 4.35).  

The SEM images illustrate the tegumental morphology of O. viverrini adult 

worms in different treatment groups (Figure 4.36). In the positive control group treated 

with 20 mg/ml PZQ, the tegumental surface around the oral sucker appeared swollen 

(A, scale bar = 40 µm), with alterations showing swelling until bursting (B, scale bar = 

4 µm) and stretched microvilli (Mv) (C, scale bar = 4 µm), along with swelling of papillae 

and microvilli around the ventral sucker (C, scale bar = 40 µm). 

The SEM images depict the tegumental morphology of O. viverrini adult worms 

in the A. sativum treated groups (Figure 4.37). At 20 mg/ml (A, scale bar = 400 µm) 

showed irregular and non-smooth tegumental surfaces, significant morphological 

disruptions of blistered microvilli surfaces (A, I and III) and around the ventral sucker 

(Os) (A, II). At 30 mg/ml (B, scale bar = 400 µm), the tegumental surface exhibited 
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swelling throughout the entire body, significant morphological disruptions, blistering 

until bursting of microvilli surfaces (B, I and II), and around the ventral sucker (B, III). At 

40 mg/ml (C and D, scale bar = 400 and 60 µm, respectively), considerable damage to 

the microvilli surfaces and papillae around the ventral sucker (D, scale bar = 60 µm) 

and oral sucker (C, I) was evident. Extensive degradation of the microvilli surfaces was 

observed throughout the worm's body (C, II and D, I, II). 

The SEM images depict the tegumental morphology of O. viverrini adult worms 

in the T. laurifolia treated groups (Figure 4.38). Due to the loss of samples at 20 mg/ml 

during SEM preparation, images are only available for concentrations at 30 mg/ml (A, 

scale bar = 400 µm) and 40 mg/ml (B, scale bar = 400 µm). At 30 mg/ml (A), the 

tegumental surface of the adult worms showed slight swelling, particularly noticeable 

around the Oral sucker (A, I), ventral sucker (A, II), and microvilli surface across the 

entire body of the worm (A, III). At 40 mg/ml (B), the worm displayed a non-smooth 

surface across its body, with distinct swelling observed around the Oral sucker, 

degradation of the microvilli surface on the body surface, and around the ventral 

sucker (B, II and III). 

The SEM images depict the tegumental morphology of O. viverrini adult worms 

in the E. longifolia treated groups (Figure 4.39). At 20 mg/ml (A, scale bar = 400 µm), 

the worm displayed a generally smooth body surface with minimal swelling of the 

microvilli surface (A, I). At 30 mg/ml (B, scale bar = 400 µm), the surface remained 

generally smooth, like the appearance at 20 mg/ml, showing tegumental surfaces 

around the Oral sucker (B, I) and ventral sucker (B, II and III) with minor and relatively 

normal swelling. Distinct papillae (Pa) were also clearly visible. At 40 mg/ml (C and D, 

scale bar = 400 µm each), the worm exhibited a non-smooth surface across its body, 

with noticeable swelling around the Oral sucker (C, II and D, I) and ventral suckers (C, 

III). Upon closer examination of the microvilli surface (C, I, and D, II), pronounced 

swelling in the form of nodules of microvilli was observed, indicating a relatively severe 

condition. 
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Figure 4.35 The SEM images depict the tegumental morphology of O. viverrini adult 
worms in the negative control group, with a scale bar of 80 µm. 

 
Figure 4.36 The SEM images depict the tegumental morphology of O. viverrini adult 

worms in the positive control group treated with 20 mg/ml PZQ. Images 

(A, B, C, and D) show various aspects of the tegumental surface 

morphology, with respective scale bars of 40 µm, 4 µm, 4 µm, and 40 µm. 

* = Swelling of tegumental surface (A and C), alteration of tegumental 

surface, swelling until bursting (B). 
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Figure 4.37 The SEM images depict the tegumental morphology of O. viverrini adult 
worms in the A. sativum treated groups at concentrations of 20, 30, and 
40 mg/ml. Images (A, B, and C, D) correspond to these concentrations, with 
scale bars of 400 µm, 400 µm, 400 µm, and 60 µm, respectively.                    
* = Alteration of tegumental surface by degradation (D, I and II), damage 
and blister until bursting (A, I, B, I and II) of tegumental surface. 

 

 
Figure 4.38 The SEM images depict the tegumental morphology of O. viverrini adult 

worms in the T. laurifolia treated groups at concentrations of 30 and 40 

mg/ml. Images A and B correspond to these concentrations, with scale bars 

of 400 µm each. Unfortunately, samples at 20 mg/ml were lost during 

sample preparation for SEM and are not shown. = Alteration of tegumental 

surface by degradation (B, II and III), swelling of tegumental surface (A, I, II, 

and III, B, I). 
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Figure 4.39 The SEM images depict the tegumental morphology of O. viverrini adult 

worms in the E. longifolia treated groups at concentrations of 20, 30, and 

40 mg/ml. Images (A, B, and C, D) correspond to these concentrations, with 

scale bars of 400 µm each. *= Alteration of tegumental surface, swelling of 

tegumental surface.  

 

4.7 Discussion  
The efficacy against O. viverrini NEJs and adult worms were demonstrated the 

potential of crude extracts of A. sativum, T. laurifolia, and E. longifolia in reducing the 

RM and SI of O. viverrini NEJs and adult worms. depending on concentration and 

exposure time. In the O. viverrini NEJs, A. sativum treated groups was exhibited 

significant differences compared to the negative control group.  In some group of            

T. laurifolia treated groups, significant differences were observed between the negative 

control group.  Finally, in the E. longifolia treated groups, no significant differences 

between negative control group. In the O. viverrini adult worms, A. sativum treated 

groups was showed a significant difference compared to the negative control group. In 

contrast, in the T. laurifolia and E. longifolia treated groups, no significant difference 

compared to both the negative and positive control groups. When compared to the 

positive control group, it was found that the groups treated with extracts of A. sativum, 
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T. laurifolia, and E. longifolia did not exhibit statistically significant differences, 

indicating comparable efficacy to the PZQ standard drug.  

The present findings are consistent with the research conducted by 

Lorsuwannarat and colleagues (2013), who investigated the in vitro anthelmintic effects 

of plumbagin on S. mansoni. In their study, the plumbagin-treated group exhibited        

a more rapid reduction in RM values compared to the group treated with PZQ 

(Lorsuwannarat et al., 2013). Similarly, Wannachat et al. (2020) reported 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 the           

A. catechu extract (Wannachat et al., 2020). Furthermore, A. sativum extract exhibited 

effective schistosomicidal activities by diminishing worm burden and tissue eggs (Aly 

et al., 2017; Wan et al., 2017). Its flukicidal effect was observed through a reduction in 

both motility and mortality of schistosome (Jeyathilakan et al., 2012), while A. sativum 

essential oil induced an irreversible F. gigantica paralytic effect after exposure at a 

concentration of 3 mg/ml (Singh et al., 2009). Furthermore, it has been found that the 

extract of E. longifolia reduces the movement of adult S. japonicum and their egg-

laying activity (Jiwajinda et al., 2002). 

The SEM analysis revealed morphological damage characterized by tegumental 

swelling evident across all treatment groups of O. viverrini NEJs and adult worm. In the 

groups treated with A. sativum, noticeable morphological abnormalities were observed 

on the tegumental surface of O. viverrini NEJs and adult worm, including degradation 

of the tegumental structure and extensive exfoliation. Conversely, in the T. laurifolia 

treated groups, exhibited slight swelling of the tegumental surface. Meanwhile, in the 

E. longifolia treated groups, displayed significant swelling of the tegumental surface. In 

contrast, in the negative control group showed a normal tegumental surface. These 

effects were found to be dependent on both exposure time and concentration. 

Investigations suggested that administering A. sativum extracts to mice infected with 

the S. mansoni blood fluke resulted in a significant reduction in egg and worm burden, 

accompanied by various ultrastructural alterations in the tegument (Riad et al., 2009) 
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and tissue S. mansoni eggs (El shenawy et al., 2008). Additionally, A. sativum treatment 

exhibited effective schistosomicidal activities by reducing worm burden and tissue eggs 

(Aly et al., 2017). This observation may correspond to the mechanism described by 

Corral et al., (2016), which explains that allicin in A. sativum induces calcium and 

mitochondrial dysregulation, disrupting calcium homeostasis and triggering oxidative 

stress. These processes overwhelm the antioxidant defense mechanisms of the cell, 

leading to mitochondrial dysfunction and a bioenergetic crisis in Leishmania infantum. 

Ultimately, this cascade results in necrotic death of the Leishmania parasite. 

Furthermore, studies on E. longifolia in T. gondii found that it caused cell wall 

alterations (SEM), decreased cytoplasmic volume (TEM), and rapid antiparasitic activity 

(Kavitha et al., 2012 a, 2012b). In the discussion by Ahmed et al., 2020, it is noted and 

referenced that the observed anthelmintic effect of plant extracts may be attributed 

to the presence of secondary metabolites. Specifically, tannins, alkaloids, and 

phenolics are mentioned as potentially exerting anthelmintic activity by inhibiting 

hatching, interfering with development into the infective larval stage, and reducing the 

motility of adult worms (Wang et al., 2010). Additionally, these metabolites have been 

shown to interfere with coupled oxidative phosphorylation and block ATP synthesis in 

adult worms, leading to the release of enzymes that degrade the worm membrane 

(Joshi et al., 2010; Martin et al., 1997; Wang et al., 2010). This biological cascade 

involves cellular death, particularly when respiration halts, inducing hypoxia and 

metabolic shifts in tissues. Decreased ATP production prompts anaerobic metabolism, 

generating intracellular lactate and lowering pH. Diminished ATP triggers lysosome 

swelling and enzyme release. Tissue hypoxia escalates calcium influx, activating 

enzymes and damaging membranes and organelles. These events lead to cellular self-

digestion (autolysis) and tissue decay (Madea et al., 2014). This study indicated these 

processes through observed alterations in O. viverrini adult worm morphological 

surfaces. 
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This study revealed that A. sativum treated groups displayed significantly higher 

levels of reactive ROS across the entire body of the worms, exhibiting higher 

fluorescence intensity. In contrast, T. laurifolia and E. longifolia treated groups showed 

elevated ROS levels throughout the entire body, particularly prominent in specific 

regions such as the testes and genital pore. Notably, minimal ROS generation was 

observed in the regions of the negative control group. Furthermore, within 24 hours of 

treatment, A. sativum treated groups displayed increased levels of NO; however, these 

changes did not reach statistical significance when compared with both the negative 

and positive control groups. Conversely, in the T. laurifolia and E. longifolia treated 

groups, NO levels exhibited statistically significant differences when compared to both 

the negative control and positive control groups. 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. Previous 

studies have demonstrated that A. sativum directly impacts stress generation.                  

A. sativum has shown strong biocidal effects against all stages of S. mansoni, with 

significant inhibition observed in SOD, CAT, GR, TrxR, and SDH (Mantawy et al., 2012). 

Additionally, there was an increase in antioxidant enzyme activities, coupled with           

a significant reduction in worm burden, hepatic and intestinal eggs, as well as oogram 

count (Mantawy et al., 2011). 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 or NO can lead to oxidative stress, which is associated with 

impairment of proteins, lipids, and DNA, thus affecting cellular functionality (Finkel, 

2011). The generation of stress-induced ROS and NO involves a complex process with 

numerous cellular pathways and mechanisms, playing critical roles in cellular 

processes such as signaling and immune responses (Schieber and Chandel, 2014). 
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Therefore, the expression of ROS and NO 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 (Becker et al., 
1980; Pax et al., 1978). Allicin, the major bioactive compound of A. sativum, has been 
studied for its mechanism of action on parasites. Research conducted by Corral and 
colleagues (2016) investigated the effects of allicin on protozoa Leishmania sp. Their 
findings revealed that allicin induces dysregulation of calcium homeostasis and 
oxidative stress, which cannot be countered by the antioxidant defense of the cell. 
Consequently, this leads to mitochondrial dysfunction and a bioenergetic collapse, 
resulting in cell necrosis and cell cycle arrest in the pre-mitotic phase (Corral et al., 
2016). In addition. the A. sativum extract appears to contain diallyl-disulfide (DAD), 
which could potentially interfere with the parasites' synthesis of membrane lipids (Nok 
et al., 1996). 

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 T. laurifolia leaf extract is recognized as an efficient antioxidant, 

indicating that antioxidants represent a promising adjuvant approach during treatment 

to reduce morbidity and mortality. Despite some successful strategies, there is still 

considerable progress needed in implementing novel therapies for schistosomiasis or 

opisthorchiasis (Vale et al., 2020). 
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The bioactive compounds known as quassinoids are significant constituents of 

E. longifolia, as highlighted by Chan et al. (1989). The mechanism of action of                  

E. longifolia was elucidated by Kavitha et al. (2012), who demonstrated that extract 

fractions from E. longifolia act on T. gondii within the cytoplasmic region. They 

proposed that these fractions might induce intracellular oxidative stress through an 

indirect mechanism. Mitochondria, being the primary source of ROS within cells, play 

a pivotal role in this process. Uncontrolled superoxide flashes in mitochondria 

contribute to global oxidative stress, which is critical in hypoxia/reoxygenation injury in 

cells. This model provides a plausible explanation for the inhibition of T. gondii growth 

(Kavitha et al., 2012b). 

Studies on the elimination of parasites by A. sativum have demonstrated 

various effects. A. sativum oil displayed a protective effect in rats inoculated with L3 

larvae by improving liver and kidney functions (Morsy et al., 2021). Allicin was shown 

to partially protect hosts against P. yoelii by enhancing innate and adaptive immune 

responses (Feng et al., 2012). The combination of A. sativum and arteether exhibited 

immunomodulatory and antiparasitic effects through the nitric oxide pathway in            

P. berghei infected mice (Vathsala et al., 2020 ) .  Additionally, it irreversibly inhibited     

T. b. brucei trypanothione reductase and decreased mitochondrial membrane 

potential (Krstin et al., 2018). A. sativum and allicin significantly reduced worm burden 

and decreased serum concentrations of liver fibrosis markers and proinflammatory 

cytokines (Metwally et al., 2 0 1 8 ) .  They also enhanced parasite engulfment and 

destruction of intracellular amastigotes by macrophages (Ghazanfari et al., 2 0 0 6 ) .           

A. sativum oils substantially normalized liver function enzymes and showed varying 

improvements in other parameters, notably reducing worm burden and ova count 

(Metwally, 2006). A. sativum oil extract resulted in mortality of S. japonicum cercariae, 

exhibited preventive efficacy against infection, and contributed to a reduction in worm 

burden (Wan et al., 2017). Furthermore, A. sativum extract exhibited larvicidal activity 

and reduction in parasitic burden (Palacios-Landín et al., 2 0 1 5 ) , along with 

demonstrating antiamoebic activity (Behnia et al., 2008). Studies on parasite eradication 
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in T. laurifolia have shown promising results. Wonkchalee et al. (2 0 1 2 , 2 0 1 3 ) 

demonstrated the effectiveness of T. laurifolia in reducing inflammation caused by 

pathological alterations in O. viverrini-infected hamsters. In the case of E. longifolia, 

various studies have highlighted its potential in combating parasites. Girish et al. (2015) 

reported anti-protozoal activity at a concentration of 1 . 0  mg/ml, while Kavitha et al. 

(2 0 1 2 a)  demonstrated anti-T. gondii activity. Additionally, ethanol and methanol 

extracts exhibited higher antimalarial activities (Sriwilaijaroen et al., 2010 ) , and there 

was a significant increase in parasitemia suppression (Mohd Ridzuan et al., 2007). Other 

studies have shown anti-parasite growth effects (Mohd Ridzuan et al., 2005 ) , with 

quassinoids and alkaloids exhibiting cytotoxicity and antiplasmodial activity (Chan et 

al., 2004 ; Hout et al., 2006 ; Jiwajinda et al., 2002 ) .  Furthermore, compounds like 

eurycomanone and pasakbumi have displayed antimalarial activity (Kuo et al., 2004). 

Furthermore, prior investigations have explored herbal remedies against           

O. viverrini both in vitro and in vivo. Aukkanimart et al. (2 0 1 5 )  investigated the 

antioxidant, anti-inflammatory, and anthelmintic effects of the traditional folk medicine 

Garcinia mangostana pericarp extract in hamsters with opisthorchiasis. Additionally, 

Intuyod et al. (2014 )  examined the activity of an anthocyanin complex containing 

cyanidin and delphinidin-rich extracts derived from turmeric against inflammation and 

periductal fibrosis in hamsters infected with O. viverrini. However, the specific use of 

garlic for eliminating O. viverrini liver flukes has not been previously reported. This 

indicates that A. sativum, T. laurifolia, and E. longifolia have efficacy against various 

types of parasites. Therefore, detailed studies in the future are of interest for the 

development of these as alternative drugs for parasite eradication, replacing chemical 

substances in the future.  

  

 



 
 

CHAPTER V 
CONCLUSION AND RECOMMENDATION 

 

5.1 Conclusion on the Efficacy of Crude Extracts from A. sativum,        

T. laurifolia, and E. longifolia against O. viverrini NEJs 
The efficacy against O. viverrini NEJs demonstrated the potential of crude 

extracts of A. sativum, T. laurifolia, and E. longifolia in reducing the RM and SI of            

O. viverrini NEJs, depending on concentration and exposure time, while the negative 

control group displayed normal motility. The A. sativum treated groups, which 

exhibited significant differences compared to the negative control group.  In some 

group of T. laurifolia treated groups, significant differences were observed between 

the negative control group.  Finally, in the E. longifolia treated groups, no significant 

differences between negative control group.  

In the groups treated with A. sativum, noticeable morphological abnormalities 

were observed on the tegumental surface of O. viverrini NEJs, including degradation of 

the tegumental structure and extensive exfoliation. Conversely, in the T. laurifolia 

treated groups, NEJs exhibited slight swelling of the tegumental surface. Meanwhile, in 

the E. longifolia treated groups, NEJs displayed significant swelling of the tegumental 

surface. In contrast, NEJs in the negative control group showed a normal tegumental 

surface.  

 

5.2 Conclusion on the Efficacy of Crude Extracts from A. sativum,       

T. laurifolia, and E. longifolia against O. viverrini adult worms  
In the groups treated with A. sativum, a rapid decrease in motility rate was 

observed at the 30-minute mark, and after 1 hour of exposure, all worms in these 
groups ceased movement or perished by the 6-hour assessment, indicating a significant 
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difference compared to the negative control group. In contrast, in the T. laurifolia 
treated groups, the motility rate remained constant from 30 minutes until 6 hours, 
with another decrease observed at the 12-hour mark and complete cessation of 
movement at 24 hours, showing no significant difference compared to both the 
negative and positive control groups. Similarly, in the E. longifolia treated groups, a 
decrease in motility rate was noted at 30 minutes, followed by unusually high levels 
of active motility from hours 1 to 12. At the conclusion of the 24-hour experiment, 
some worms remained alive in each group, with no significant difference compared to 
the negative control group. Throughout the entire experimental duration, adult worms 
in the negative control group exhibited continuous active movement and sustained 
vitality. 

The A. sativum treated groups demonstrated significantly elevated levels of 

ROS across the entire body of the worms, with higher fluorescence intensity compared 

to the control groups. In the T. laurifolia treated groups, elevated ROS levels were 

observed throughout the entire body of the O. viverrini adult worms, particularly 

pronounced in certain regions such as the testes and genital pore, surpassing those of 

the control groups. Conversely, the E. longifolia treated groups exhibited 

comparatively reduced ROS levels across the entire body of the worms, although 

certain regions such as the testes and genital pore showed heightened ROS intensity. 

In contrast, minimal ROS generation was observed in the regions of the negative control 

group. 

In the A. sativum treated groups, NO levels increased within 24 hours; however, 

these changes were not statistically significant when compared with the negative and 

positive control groups. In contrast, in the T. laurifolia and E. longifolia treated groups, 

NO levels were found to be statistically significant when comparing both the negative 

control and positive control groups. 

The morphological surface alterations and damages observed in A. sativum 

treated groups exhibited a consistent pattern. O. viverrini adult worms treated with      

A. sativum displayed irregular and non-smooth surfaces, significant morphological 

disruption, and considerable damage throughout their bodies. Those treated with         
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T. laurifolia showed noticeable but slight swelling of the tegumental surface, while 

those treated with E. longifolia exhibited a generally smooth surface with pronounced 

swelling in the form of microvilli nodules. When compared to the negative control 

group, where worms exhibited regular, smooth surfaces, and normal tegumental 

structures. 

This study unequivocally confirms the anthelmintic effectiveness of extracts 

from A. sativum, T. laurifolia, and E. longifolia against O. viverrini NEJs and adult worms, 

aligning with prior research. Notably, A. sativum extract exhibited remarkable efficacy 

in this study, as evidenced by the rapid reduction in RM and SI of O. viverrini NEJs and 

adult worms. Moreover, stress-induced ROS generation was significantly higher in          

O. viverrini adult worms treated with A. sativum extract, leading to morphological 

damage characterized by edema and disturbance. Furthermore, the groups treated 

with T. laurifolia and E. longifolia exhibited similar effects, although to a lesser extent. 

However, it was observed that the motility rate in the E. longifolia treated groups 

showed abnormal changes, indicating higher activity during the testing, which is not 

typical. Furthermore, the expression of stress-related NO in T. laurifolia treated groups 

showed significantly higher generation. Overall, the extract of A. sativum demonstrates 

relatively high efficacy against O. viverrini NEJs and adult worms. These findings 

collectively suggest that A. sativum crude extract demonstrates efficacy as an 

anthelmintic treatment for the liver fluke, O. viverrini, in vitro. 

 

5.3 Recommendation and possible future studies 
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 o. viverrini NEJ and adult worms (in vitro), holds considerable 

potential for the development of herbal extracts designed to control and treat 

infections caused by liver flukes. This approach presents a practical alternative to 

current pharmaceutical interventions. To further deepen our understanding and 

utilization of these herbal extracts, forthcoming research endeavors should encompass 
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comprehensive investigations involving both in vivo and in vitro studies. These studies 

indicated only the basic impacts, such as motility, morphological surface changes, and 

induction of stress, of A. sativum, T. laurifolia, and E. longifolia crude extracts on           

O. viverrini NEJs and adult worms. Despite the promising effects observed with these 

herbal extracts in combating O. viverrini liver fluke infections, it is imperative to 

underscore the necessity for future investigations into the specific mechanisms and 

identification of key bioactive compounds. This critical research step is essential for 

the development of effective anti-parasitic agents, positioning herbal extracts as viable 

alternatives for the treatment of liver fluke infections. As we progress, 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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APPENDIX A 
THE PREPARATIONS OF REAGENTS

 

Appendix A1 Reagents of 0.25% pepsin 

  Pepsin powder       2.5 g 

  HCl        15 ml 

  NaCl        8.5 g 

  Distilled water       1000 ml 

 

Appendix A2 Reagents of 0.85% NaCl 

  Filtered water        1000 ml 

  NaCl        85 g 

 

Appendix A3 % Yield of crude extracts  

% Yield of A. sativum crude extract  

Yield (%) =       2.82 g x 100        

          150 g 

Yield (%) = 1.88  

% Yield of T. laurifolia crude extract  

Yield (%) =       0.37 g x 100        

                 10 g 

Yield (%) = 3.70  

% Yield of E. longifolia crude extract  

Yield (%) =       0.97 g x 100        

             10 g 

Yield (%) = 9.70  
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Appendix A4 The calibration for sodium nitrite standard curve  

Chemical: Griess reagent Kit for nitrite determination (G-7921)®, Thermo Fisher 

Scientific. 

1. Prepare sodium nitrite solutions with concentrations ranging from 1 to 

100 uM by diluting the nitrite standard solution (Component C) with deionized water. 

2. Prepare samples and conduct absorbance measurements as detailed 

earlier, substituting the standard nitrite solutions (300 ul for the cuvette assay or 150 

ul for the microplate assay) for the experimental samples. 

3. Construct a standard curve of nitrite concentration (x-axis) against 

absorbance (y-axis). 

4. Determine nitrite concentrations corresponding to the absorbance of 

experimental samples from the standard plot. 

 

Figure 1A. Nitrite concentrations standard curve. 
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Appendix A5 Stock solution of H2DCFDA 

 Chemical: H2DCFDA® MCE MedChemExpress 

H2DCFDA stock solution (10 mM) 

DMSO         1.0261 ml 

H2DCFDA mass      5 mg 

30 µM of H2DCFDA  

C1 V1 = C2 V2 

10 mM x V1 = 30 µM x 10 ml  

V1 = 30 µM x 10000 µl  

    10000 µM 

V1 = 30 µl 

30 µl of H2DCFDA stock solution + 9970 µl of PBS pH 7.4 

 

Appendix A6 Quantification of worm fluorescence levels using the ImageJ program

 This protocol follows the methodology outlined by El-Sharkawey (2016). 

1. Open the image of interest and select the "Straight" tool to draw a line 

on the photo's scale. Then, select to "Analyze" and choose "Set Scale."  

2. Input the "Known distance" based on the scale present in the original 

photo and specify the "Unit of length" as µm, then click "Global" to apply the settings 

and then click "Ok" to confirm. 

3. Next, select "Analyze" and set measurements by choosing "Area," 

"Integrated intensity," and "Mean grey value." 

4. select to "Image," then "Color," and select "Split channels" then analyze 

the green channel photo by using the "Freehand selection" tool to trace around the 

region of interest in the gray color. Then, choose "Measure." 

5. Select a region without fluorescence (black) for background readings. 

6. The results can be saved in an Excel program. 

7. The formula for calculating the corrected total worm fluorescence 

(CTWF) is:  
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CTWF = Integrated Density – (Area of selected cell x Mean fluorescence of 

background readings) 

 

 

 

 

 

 

  

 



 
 

APPENDIX B 

SUPPLEMENTARY DATA

Table 1B Motility score of A. sativum treated groups on O. viverrini NEJs  

Concentration 5 mg/ml 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 0.30 100.00 100.00 0.00 
5 min  1.20 0.12 40.00 100.00 0.42 
1 h 1.20 0.12 42.86 100.00 0.42 
3 h 1.00 0.10 37.04 100.00 0.00 
6 h 1.00 0.10 38.46 100.00 0.00 
12 h 1.00 0.10 35.71 100.00 0.00 
24 h 0.00 0.00 0.00 0.00 0.00 

Concentration 10 mg/ml 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 0.30 100.00 100.00 0.00 
5 min  1.00 0.10 33.33 100.00 0.00 
1 h 1.00 0.10 35.71 100.00 0.00 
3 h 1.00 0.10 37.04 100.00 0.00 
6 h 1.00 0.10 38.46 100.00 0.00 
12 h 0.00 0.00 0.00 0.00 0.00 
24 h 0.00 0.00 0.00 0.00 0.00 
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Table 1B (Continued) Motility score of A. sativum treated groups on O. viverrini NEJs  

Concentration 20 mg/ml 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 0.30 100.00 100.00 0.00 
5 min  1.00 0.10 33.33 100.00 0.00 
1 h 1.00 0.10 35.71 100.00 0.00 
3 h 1.00 0.10 37.04 100.00 0.00 
6 h 1.00 0.10 38.46 100.00 0.00 
12 h 0.00 0.00 0.00 0.00 0.00 
24 h 0.00 0.00 0.00 0.00 0.00 

Concentration 40 mg/ml 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 0.30 100.00 100.00 0.00 
5 min  1.00 0.10 33.33 100.00 0.00 
1 h 1.00 0.10 35.71 100.00 0.00 
3 h 1.00 0.10 37.04 100.00 0.00 
6 h 0.00 0.00 0.00 0.00 0.00 
12 h 0.00 0.00 0.00 0.00 0.00 
24 h 0.00 0.00 0.00 0.00 0.00 
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Table 2B Motility score of T. laurifolia treated groups on O. viverrini NEJs  

Concentration 5 mg/ml 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 0.30 100.00 100.00 0.00 
5 min  2.00 0.20 66.67 100.00 0.00 
1 h 2.00 0.20 71.43 100.00 0.00 
3 h 2.00 0.20 74.07 100.00 0.00 
6 h 1.70 0.17 65.38 100.00 0.48 
12 h 1.30 0.13 46.43 100.00 0.48 
24 h 0.00 0.00 0.00 0.00 0.00 

Concentration 10 mg/ml 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 0.30 100.00 100.00 0.00 
5 min  2.00 0.20 66.67 100.00 0.00 
1 h 2.00 0.20 71.43 100.00 0.00 
3 h 2.00 0.20 74.07 100.00 0.00 
6 h 1.30 0.13 50.00 100.00 0.48 
12 h 1.30 0.13 46.43 100.00 0.48 
24 h 0.00 0.00 0.00 0.00 0.00 

Concentration 20 mg/ml 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 0.30 100.00 100.00 0.00 
5 min  1.70 0.17 56.67 100.00 0.48 
1 h 1.60 0.16 57.14 100.00 0.52 
3 h 1.60 0.16 59.26 100.00 0.52 
6 h 1.20 0.12 46.15 100.00 0.42 
12 h 1.20 0.12 42.86 100.00 0.42 
24 h 0.00 0.00 0.00 0.00 0.00 
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Table 2B (Continued) Motility score of T. laurifolia treated groups on O. viverrini NEJs  

Concentration 40 mg/ml 
Time 𝑥̅ MI MR SI S.D. 

0 min  3.00 0.30 100.00 100.00 0.00 
5 min  1.10 0.11 36.67 100.00 0.32 
1 h 1.10 0.11 39.29 100.00 0.32 
3 h 1.00 0.10 37.04 100.00 0.00 
6 h 1.00 0.10 38.46 100.00 0.00 
12 h 1.00 0.10 35.71 100.00 0.00 
24 h 0.00 0.00 0.00 0.00 0.00 

 

Table 3B Motility score of E. longifolia treated groups on O. viverrini NEJs  

Concentration 5 mg/ml 
Time 𝑥̅ MI MR SI S.D. 

0 min  3.00 0.30 100.00 100.00 0.00 
5 min  2.00 0.20 66.67 100.00 0.00 
1 h 2.00 0.20 71.43 100.00 0.00 
3 h 2.00 0.20 74.07 100.00 0.00 
6 h 1.20 0.12 46.15 100.00 0.42 
12 h 1.20 0.12 42.86 100.00 0.42 
24 h 0.00 0.00 0.00 0.00 0.00 
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Table 3B (Continued) Motility score of E. longifolia treated groups on O. viverrini NEJs  

Concentration 10 mg/ml 
Time 𝑥̅ MI MR SI S.D. 

0 min  3.00 0.30 100.00 100.00 0.00 
5 min  2.00 0.20 66.67 100.00 0.00 
1 h 2.00 0.20 71.43 100.00 0.00 
3 h 2.00 0.20 74.07 100.00 0.00 
6 h 1.20 0.12 46.15 100.00 0.42 
12 h 1.00 0.10 35.71 100.00 0.00 
24 h 0.00 0.00 0.00 0.00 0.00 

Concentration 20 mg/ml 
Time 𝑥̅ MI MR SI S.D. 

0 min  3.00 0.30 100.00 100.00 0.00 
5 min  2.00 0.20 66.67 100.00 0.00 
1 h 1.90 0.19 67.86 100.00 0.32 
3 h 1.90 0.19 70.37 100.00 0.32 
6 h 1.00 0.10 38.46 100.00 0.00 
12 h 1.00 0.10 35.71 100.00 0.00 
24 h 0.00 0.00 0.00 0.00 0.00 

Concentration 40 mg/ml 
Time 𝑥̅ MI MR SI S.D. 

0 min  3.00 0.30 100.00 100.00 0.00 
5 min  2.00 0.20 66.67 100.00 0.00 
1 h 2.00 0.20 71.43 100.00 0.00 
3 h 1.90 0.19 70.37 100.00 0.32 
6 h 1.00 0.10 38.46 100.00 0.00 
12 h 1.00 0.10 35.71 100.00 0.00 
24 h 0.00 0.00 0.00 0.00 0.00 
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Table 4B Motility score of negative control and positive control group on O. viverrini 

NEJs  

Negative control (RPMI-1640) 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 0.30 100.00 100.00 0.00 
5 min  3.00 0.30 100.00 100.00 0.00 
1 h 2.80 0.28 100.00 100.00 0.42 
3 h 2.70 0.27 100.00 100.00 0.48 
6 h 2.60 0.26 100.00 100.00 0.52 
12 h 2.80 0.28 100.00 100.00 0.42 
24 h 0.60 0.06 100.00 60.00 0.52 

Positive control (PZQ) 2 mg/ml 
Time  𝒙̅ MI MR SI S.D. 
0 min  3.00 0.30 100.00 100.00 0.00 
5 min  1.60 0.16 53.33 100.00 0.52 
1 h 1.50 0.15 53.57 100.00 0.53 
3 h 1.40 0.14 51.85 100.00 0.52 
6 h 1.40 0.14 53.85 100.00 0.52 
12 h 1.10 0.11 39.29 100.00 0.32 
24 h 0.00 0.00 0.00 0.00 0.00 
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Table 5B Motility score of A. sativum treated groups on O. viverrini adult worms.  

Concentration 20 mg/ml 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 24.00 100.00 100.00 0.00 
30 min 1.17 9.33 50.00 100.00 0.25 
1 h 1.21 9.67 56.86 100.00 0.31 
3 h 0.50 4.00 23.52 50.00 0.40 
6 h 0.00 0.00 0.00 0.00 0.00 
12 h 0.00 0.00 0.00 0.00 0.00 
24 h 0.00 0.00 0.00 0.00 0.00 

Concentration 30 mg/ml 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 24.00 100.00 100.00 0.00 
30 min 1.17 9.33 50.00 100.00 0.18 
1 h 1.00 8.00 47.06 100.00 0.00 
3 h 0.38 3.00 17.64 37.50 0.28 
6 h 0.00 0.00 0.00 0.00 0.00 
12 h 0.00 0.00 0.00 0.00 0.00 
24 h 0.00 0.00 0.00 0.00 0.00 

Concentration 40 mg/ml 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 24.00 100.00 100.00 0.00 
30 min 1.17 9.33 50.00 100.00 0.18 
1 h 1.00 8.00 47.06 100.00 0.00 
3 h 0.33 2.67 15.68 25.00 0.31 
6 h 0.00 0.00 0.00 0.00 0.00 
12 h 0.00 0.00 0.00 0.00 0.00 
24 h 0.00 0.00 0.00 0.00 0.00 
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Table 6B Motility score of T. laurifolia treated groups on O. viverrini adult worms.  

Concentration 20 mg/ml 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 24.00 100.00 100.00 0.00 
30 min 1.13 9.00 48.21 100.00 0.17 
1 h 1.13 9.00 52.94 100.00 0.17 
3 h 1.08 8.67 50.97 100.00 0.15 
6 h 1.04 8.33 60.98 100.00 0.12 
12 h 0.50 4.00 40.00 50.00 0.53 
24 h 0.00 0.00 0.00 0.00 0.00 

Concentration 30 mg/ml 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 24.00 100.00 100.00 0.00 
30 min 1.21 9.67 51.79 100.00 0.25 
1 h 1.38 11.00 64.71 100.00 0.45 
3 h 1.38 11.00 64.69 100.00 0.38 
6 h 1.04 8.33 60.98 100.00 0.21 
12 h 0.50 4.00 40.00 50.00 0.53 
24 h 0.00 0.00 0.00 0.00 0.00 

Concentration 40 mg/ml 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 24.00 100.00 100.00 0.00 
30 min 1.17 9.33 50.00 100.00 0.18 
1 h 1.08 8.67 50.98 100.00 0.15 
3 h 1.04 8.33 49.01 100.00 0.12 
6 h 1.08 8.67 63.41 100.00 0.15 
12 h 0.50 4.00 40.00 50.00 0.53 
24 h 0.00 0.00 0.00 0.00 0.00 
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Table 7B Motility score of E. longifolia treated groups on O. viverrini adult worms.  

Concentration 20 mg/ml 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 24.00 100.00 100.00 0.00 
30 min 2.04 16.33 87.50 100.00 0.42 
1 h 2.83 22.67 133.33 100.00 0.25 
3 h 2.67 21.33 125.47 100.00 0.00 
6 h 2.50 20.00 146.34 100.00 0.56 
12 h 1.81 14.50 145.00 100.00 0.65 
24 h 0.25 2.00 25.00 25.00 0.46 

Concentration 30 mg/ml 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 24.00 100.00 100.00 0.00 
30 min 1.75 14.00 75.00 100.00 0.30 
1 h 2.46 19.67 115.69 100.00 0.40 
3 h 2.38 19.00 111.74 100.00 0.42 
6 h 2.46 19.67 143.90 100.00 0.35 
12 h 1.50 12.00 120.00 100.00 0.53 
24 h 0.25 2.00 25.00 25.00 0.46 

Concentration 40 mg/ml 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 24.00 100.00 100.00 0.00 
30 min 1.46 11.67 62.50 100.00 0.25 
1 h 2.13 17.00 100.00 100.00 0.80 
3 h 2.29 18.33 107.82 100.00 0.33 
6 h 2.54 20.33 148.78 100.00 0.25 
12 h 1.38 11.00 110.00 100.00 0.44 
24 h 0.25 2.00 25.00 25.00 0.46 
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Table 8B Motility score of negative control and positive control group on O. viverrini 

adult worms  

 Negative control (RPMI-1640) 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 24.00 100.00 100.00 0.00 
30 min 2.33 18.67 100.00 100.00 0.40 
1 h 2.13 17.00 100.00 100.00 0.17 
3 h 2.13 17.00 100.00 100.00 0.30 
6 h 1.71 13.67 100.00 100.00 0.28 
12 h 1.25 10.00 100.00 100.00 0.27 
24 h 1.00 8.00 100.00 100.00 0.00 

 Positive control (PZQ) 20 mg/ml 
Time 𝒙̅ MI MR SI S.D. 

0 min  3.00 24.00 100.00 100.00 0.00 
30 min  1.21 9.67 51.79 100.00 0.25 
1 h 1.08 8.67 50.98 100.00 0.15 
3 h 0.92 7.33 43.13 100.00 0.24 
6 h 0.67 5.33 39.02 75.00 0.25 
12 h 0.44 3.50 35.00 25.00 0.42 
24 h 0.00 0.00 0.00 0.00 0.00 
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Table 9B The CTWF fluorescence intensity of A. sativum groups treated on O. viverrini adult worms. 

 Area S.D. area  Mean IntDen S.D intDent  RawIntDen CTWF 
Negative control  9981747.40 204737.66 40.95 139231109.10 2304431.87 7689038.00 143983788.9 
Positive control (PZQ)  7899963.78 173713.31 64.42 175907587.14 291690.35 9714496.50 187160492.4 
As 20 mg/ml 11619746.49 63649.21 403.08 1580221901.31 4001936.29 87267754.50 1747422800 
As 30 mg/ml 15114893.62 129782.42 372.19 1880680597.56 11301928.72 103860586.00 2078240194 
As 40 mg/ml 10279701.22 151818.29 481.79 1681697120.87 977631.94 92871723.50 1861959005 
Background  774784.97 18886.06 1.11 863259.39 39961.62 47673.50 - 

 

Table 10B The CTWF fluorescence intensity of T. laurifolia groups treated on O. viverrini adult worms. 

 Area S.D. area  Mean IntDen S.D intDent  RawIntDen CTWF 
Negative control  9981747.40 204737.66 40.95 139231109.10 2304431.87 7689038.00 143983788.9 
Positive control (PZQ)  7899963.78 173713.31 64.42 175907587.14 291690.35 9714496.50 187160492.4 
TL 20 mg/ml 12196206.43 82496.86 105.83 437797673.16 2838478.35 24177376.50 474120033.9 
TL 30 mg/ml 11433915.80 117669.74 192.93 714487867.81 962292.62 39457592.50 783202102.5 
TL 40 mg/ml 9473734.72 331549.53 114.23 360218660.03 5175074.13 19893075.50 390729846.8 
Background  774784.97 18886.06 1.11 863259.39 39961.62 47673.50 - 
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Table 11B The CTWF fluorescence intensity of E. longifolia groups treated on O. viverrini adult worms. 

 Area S.D. area  Mean IntDen S.D intDent  RawIntDen CTWF 
Negative control  9981747.40 204737.66 40.95 139231109.10 2304431.87 7689038.00 143983788.9 
Positive control (PZQ)  7899963.78 173713.31 64.42 175907587.14 291690.35 9714496.50 187160492.4 
EL 20 mg/ml 12010955.18 268988.67 55.17 223544490.72 1888900.20 12345244.50 235648358.6 
EL 30 mg/ml 13096985.06 314929.80 75.75 335950294.25 1664405.80 18552855.00 359658586.4 
EL 40 mg/ml 14430765.05 60179.30 148.57 724329850.61 376082.22 40001116.00 790827581.3 
Background  774784.97 18886.06 1.11 863259.39 39961.62 47673.50 - 
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Table 12B The concentration of NO generation in A. sativum groups treated on              

O. viverrini adult worms. 

Time 
Negative control 

(RPMI) 
Positive control 
(PZQ 20 mg/ml) 

As 20 
mg/ml 

As 30 
mg/ml 

As 40 
mg/ml 

30 min 1.454 1.514 1.490 1.490 1.478 
1 h 1.502 1.550 1.503 1.502 1.478 
3 h 1.526 1.563 1.527 1.526 1.526 
6 h 1.526 1.575 1.575 1.526 1.526 
12 h 1.575 1.575 1.575 1.577 1.671 
24 h 1.599 1.599 1.599 1.647 1.719 

𝑥̅ 1.530 1.563 1.545 1.545 1.567 
S.D. 0.051 0.028 0.044 0.058 0.103 

 

Table 13B The concentration of NO generation in T. laurifolia treated groups on          

O. viverrini adult worms. 

Time 
Negative 
control 

Positive control 
(PZQ) 

TL 20 
mg/ml 

TL 30 
mg/ml 

TL 40 
mg/ml 

30 min 1.454 1.514 1.490 1.611 1.538 
1 h 1.502 1.550 1.490 1.611 1.623 
3 h 1.526 1.563 1.502 1.635 1.635 
6 h 1.526 1.575 1.538 1.647 1.635 
12 h 1.575 1.575 1.623 1.683 1.647 
24 h 1.599 1.599 1.635 1.695 1.647 

𝑥̅ 1.530 1.563 1.545 1.647 1.621 
S.D. 0.051 0.028 0.044 0.036 0.041 
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Table 14B The concentration of NO generation in E. longifolia groups treated on           

O. viverrini adult worms. 

Time 
Negative 
control 

Positive control 
(PZQ) 

EL 20 
mg/ml 

EL 30 
mg/ml 

EL 40 
mg/ml 

30 min 1.454 1.514 1.454 1.430 1.611 
1 h 1.502 1.550 1.430 1.466 1.647 
3 h 1.526 1.563 1.502 1.659 1.659 
6 h 1.526 1.575 1.611 1.659 1.695 
12 h 1.575 1.575 1.647 1.647 1.767 
24 h 1.599 1.599 1.611 1.695 1.779 

𝑥̅ 1.530 1.563 1.545 1.593 1.693 
S.D. 0.051 0.028 0.044 0.113 0.068 

 

 

 



 
 

 

APPENDIX C 

RESEARCH ETHICS DOCUMENTS 

 

Figure 1C The animal ethics protocols were approved by the Animal Care and Use 
Committee of the Institute of Research and Development, Suranaree University of 
Technology. 
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Figure 2C The biosafety and ethics protocols were approved by the Biosafety and 

Ethics Committee of the Institute of Research and Development, Suranaree University 

of Technology. 
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Figure 3C Certificate of completion for permission to use animals for scientific purposes 

from the National Research Council of Thailand No.: U1-09993-2565. 

 

 

Figure 4C Certificate of completion for biosafety and biosecurity course.

 



 
 

 

APPENDIX D 
RESEARCH DISTIBUTIONS 

 

1. Poster presentation in titled Efficacy of Allium sativum crude extract against 

the human liver fluke, Opisthorchis viverrini' at The 3rd International Conference 

on Parasitology 2023 (ICP2023). Oganiaed by Department of Parasitology, 

Faculty of Medicine, Khon Kaen University, Thailand on 9th -10th November 2023  

2. Oral presentation in titled Effects of garlic crude extract (Allium sativum Linn.) 

against Strongyloides stercoralis larva at the 2nd international virtual conference 

on science and technology (SUT-IVCST 2021) hosted by Suranaree University of 

Technology, Thailand on 6th August 2021. 
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Figure 1D Certificate of appreciation for poster presentation titled “Efficacy of Allium 

sativum crude extract against the human liver fluke, Opisthorchis viverrine” at The 3rd 

International Conference on Parasitology 2023 (ICP2023). Oganiaed by Department of 

Parasitology, Faculty of Medicine, Khon Kaen University, Thailand on 9th -10th 

November 2023  
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Figure 2D Certificate of appreciation for attending The 3rd International Conference on 

Parasitology 2023 (ICP2023). Oganiaed by Department of Parasitology, Faculty of 

Medicine, Khon Kaen University, Thailand on 9th -10th November 2023  
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Figure 3D Certificate of participation for oral presentation titled Effects of garlic crude 

extract (Allium sativum Linn.) against Strongyloides stercoralis larva at the 2nd 

international virtual conference on science and technology (SUT-IVCST 2021) hosted 

by Suranaree University of Technology, Thailand on 6th August 2021. 
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Figure 4D Certificate of best presentation award for oral presentation titled Effects of 

garlic crude extract (Allium sativum Linn.) against Strongyloides stercoralis larva at the 

2nd international virtual conference on science and technology (SUT-IVCST 2021) 

hosted by Suranaree University of Technology, Thailand on 6th August 2021. 
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Anthelmintic activity and pathophysiological effect of Allium sativum crude 
extract against carcinogenic liver fluke, Opisthorchis viverrini. Tropical 
Biomedicine, approved for publication.  
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Combined Lauryl Glucoside Against Human Parasites Contaminated in Fresh 
Vegetables. The Natural Products Journal, approved for publication.  
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Rattanapitoon, N.K., & Rattanapitoon, S.K. (2024). Diagnosis of the carcinogenic 
liver fluke, Opisthorchis viverrini: comparison of two coprological methods 
versus the automatic feces analyzer. Tropical Biomedicine, approved for 
publication. 
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among the population in Cambodia. Tropical Biomedicine, 39(4), 539-546. 
https://doi.org/10.47665/tb.39.4.009 

 

APPENDIX 2E Patents and copyrights  

 

Table 1E The copyrights and patents to this research 

No. Content  Years ID  

1. 
คู่มือสมุนไพรไทยต้านปรสิต (Thai Herbs of 
Anti-Parasite) 

2021 Copyrights ID : ว .044597 

2.  

Bioactive intergradient of Allium 
sativum crude extract for against liver 
fluke Opisthorchis viverrini 

2024 In the process of 
applying for a patent. 

3. 

Biomedical Evaluation of Allium 
sativum Extract Protected Copper                         
Nanoparticles Against parasite 

2024 In the process of 
applying for a patent. 
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Figure 1E Acceptance email from the Tropical Biomedicine Journal for the manuscript 

titled “Anthelmintic activity and pathophysiological effect of Allium sativum 

crude extract against the carcinogenic liver fluke, Opisthorchis viverrini,” for 

publication. 
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Figure 2E Acceptance email from The Natural Products Journal for the manuscript 

titled “Papaya Seeds Extract Combined Lauryl Glucoside Against Human 

Parasites Contaminated in Fresh Vegetables,” for publication. 
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Figure 3E Acceptance email from the Tropical Biomedicine Journal for the manuscript 

titled “Diagnosis of the carcinogenic liver fluke, Opisthorchis viverrini: 

comparison of two coprological methods versus the automatic feces 

analyzer” for publication. 
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Figure 4E Acceptance email from the Tropical Biomedicine Journal for the manuscript 

titled “Anthelmintic activity and pathophysiological effect of anthelmintic 

drugs against carcinogenic liver fluke, Opisthorchis viverrini.” for publication. 

 

 

 



166 
 

 

 

Figure 5E Research article titled 'Oral parasitic protozoan Entamoeba gingivalis in 

periodontal disease patients, northeastern Thailand' has been published in 

the Tropical Biomedicine Journal. 
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Figure 6E Research article titled “Molecular detection of oral Trichomonas tenax in 

periodontal disease patients by polymerase chain reaction based 18S rRNA 

gene.” has been published in the Tropical Biomedicine Journal. 
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Figure 7E Research article titled “Molecular identification of Opisthorchis viverrini 

among the northeastern Cambodian population by internal transcribed 

spacer 2 based polymerase chain reaction.” has been published in the 

Tropical Biomedicine Journal. 
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Figure 8E Research article titled “Intestinal parasitic infections and risk factors among 

the population in Cambodia.” has been published in the Tropical 

Biomedicine Journal. 
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Figure 9E The copyright pertaining to this research, titled "คู่มือสมุนไพรไทยต้านปรสิต 

(Thai Herbs of Anti-Parasite)," has Copyright ID: ว .0445972021.
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