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domestic animals and is brought on by the trematode parasites Fasciola hepatica and
Fasciola gigantica, which have intricate life cycles. Humans contract the disease from
drinking contaminated water or eating contaminated food, usually wild aquatic
vegetables. Since many symptoms of fascioliasis are non-specific (such as fever,
abdominal pain, and anorexia), diagnosis can be challenging. We talked about the
mechanism of action, pharmacokinetics, and pharmacodynamics of triclabendazole as
well as its side effects. Triclabendazole, a benzimidazole member, is the most advised

and successful method of managing.

INTRODUCTION

Triclobendazole (Egaten, Novartis
Pharmaceuticals, East Hanover, NJ, USA) was
authorized by the US Food and Drug
Administration (FDA) in February 2019 for the
management of human fascioliasis.1 Through a
donation program set up under the direction of the
World Health Organization's (WHO) Department
of Control of Neglected Tropical Diseases,
trimethobenzole has been used in many other parts
of the world after receiving permission in Egypt in
1997 and France in 2002. In this article, the history
of triclabendazole treatment for human fascioliasis

is reviewed, with an emphasis on more recently
published research.

Cl
cl o N
T Lo
Cl N

TRICLABENDAZOLE
Mol. wt: 359.7 G/MOL
Mol. formula: C, H,CL,N_OS

Fig no 1:-Triclobenzazole's chemical formula and
structure.

The use of medications is the cornerstone of most
successful fasciolosis control methods. One of the
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most popular medications used globally to treat
fasciolosis is  triclabendazole  (Fasinex®,
Novartis). Given its strong action against adult
flukes as well as juvenile flukes as young as one
week old, TCBZ is typically the anthelmintic of
choice for treating livestock for F. hepatica. The
most popular and efficient anthelmintic for
treating both immature and mature flukes in
animals is TCBZ. Numerous investigations on the
use of TCBZ have demonstrated its remarkable
efficiency against Fasciola species. But a further
investigation has showed that the evidence of
TCBZ's extremely low level of efficacies is For the
treatment of fascioliasis, triclabendazole is the
recommended medication. Nonetheless, reports of
TCBZ resistance have surfaced in the literature 19,
albeit not all of them may be true instances of
resistance, in addition to the evolving pattern of
illness. However, as TCBZ is the only medication
that has demonstrated great efficiency against the
migratory and juvenile stages of infection to yet,
any instances of resistance are concerning. Any
recent progress achieved in the fight against and
management of human and animal fascioliasis
may be reversed if patients develop treatment
resistance.20,21  Veterinary medicine  uses
triclabendazole, a flukicidal BZs chemical,
extensively because it works very well against
both mature and immature stages of the liver fluke,
F. hepatica.

The Illness: Fasciolosis

A foodborne trematode infection is known as
fascioliasis. Fascioloiasis is a worldwide illness.
There have been reports of fasciolosis from 81
countries. One According to the World Health
Organization, fascioliasis is a zoonotic illness that
is frequently disregarded. Numerous mammals,
including people and livestock, are infected by two
recognized species of Fasciola: Fasciola hepatica
and Fasciola gigantica. It is unknown how many
people are infected today. Estimating the number
of infected individuals and disease burden is
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severely hampered by the lack of supporting data
from extensive epidemiologic research and the
unique characteristics of the fascioliasis
distribution. Globally, the estimated number of
infected individuals ranged from 2.4 million to 17
million.2,3 These figures, however, are more than
25 years old, and the information needed to
calculate them is not given. Expert opinion served
as the foundation for Furst et al.'s more current
estimate of 2.6 million illnesses.4 Fasciolasis is a
disease that is still relatively new, and reports of its
expanding endemic areas suggest that the number
of infections worldwide likely exceeds previous
estimates. Human fascioliasis is most frequently
found in nations like Bolivia, Peru, Cuba, China,
Iran, Vietnam, and Egypt where it is usual to
consume wild aquatic vegetables or drink
contaminated water.2 Human fascioliasis cases
have also been documented in several European
nations, most notably Turkey, Spain, and France,
with sporadic occurrences also documented in the
United States.2 Fasciolasis is a disease that can
affect people in more than 70 countries; in 2005,
the number of cases was estimated to be 2.6
million, with 1.3 million occurring in Latin
America and 1.1 million in Africa.5

The parasite’s biological cycle and ethology
Liver flukes, or flukes of the genus Fasciola, are
the cause of fasciolisis. F. hepatica, which is
mostly found in temperate climate regions, and F.
gigantica, which is found in tropical locations, are
the two species most frequently identified as the
causative agents of fasciolosis. Furthermore, in
areas where the two species coexist, hybrid forms
have been reported. 5, 7 the two unique genetic
signals that each species carries have been
distinguished using real-time PCR (par) targeting
ITS1 renal, ITS2 renal, and 28S renal.7, 9 It is
crucial to always use the proper terminology and
avoid using F. hepatica and F. gigantica
interchangeably because the epidemiological
potential of hybridization and introgression
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between the two species is still unclear.10 Fasciola
spp. have a complicated life cycle with several
variants. Molluscs are the typical intermediate
hosts that are involved, one or more of them. It has
been observed that at least 20 species of the
Lymnaeidae family serve as intermediate hosts.11,
12 the asexual larvae multiply.13, 15 times before
they eventually infect a final host, which is where
sexual reproduction takes place.

Pathogenesis

A number of lesions are caused in the liver
parenchyma and the bile ducts as a result of the
parasites’ migration, penetration, and localization
in the bile ducts.15 Seventy-two hours after
ingesting metacercaria, the newly encysted
juveniles (NEJs) of Fasciola spp. enter the
abdominal cavity through the intestinal mucosa.
When NEJs reach the liver surface through the
peritoneum, they do not exhibit any clinical
sinology in animals.16 Because of its physical
proximity to the duodenum and the fact that they
reach fewer other hepatic lobes, the left hepatic
lobe is the destination of most NEJs. These
juveniles can occasionally migrate abnormally to
other organs, including the lung and the
diaphragm, as a result of severe infestations, which
can result in fibrous pleurisy and pneumonia.
Several pathological processes occur
simultaneously within the liver parenchyma,
including the migration of juvenile stages that
cause necrotic and haemorrhagic lesions, which, in
turn, cause inflammatory reactions activating the
immune system.47 This response can be found
throughout the tortuous migrating trajectory of the
parasites, suggesting that the excretion and
secretion of these products remain in the tissue,
attracting more infiltration of inflammatory cells
of an immune nature.48 The biliary phase begins
when the parasites enter the bile ducts, where they
exert a combined mechanical and chemical action.
Through the oral sucker, adult parasites cause
mechanical damage while feeding on blood and
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the liver parenchyma adjacent to the duct.
Macerated hepatocytes have been seen within the
pharynx and sucker, which can cause minor blood
vessel punctures, trauma, isolated duct rupture,
and epithelial erosion. Chemical means have been
reported to cause bile duct enlargement.49 Praline,
an amino acid required for collagen formation by
fibroblasts, may also be released in significant
amounts by the parasite.50, 51 the adult parasite's
two functions result in a considerable hyperplasia
of the bile ducts in which the parasites lodge52,
and a severe eosinophilia and granulomatous
inflammatory response, especially when eggs
reach the hepatic parenchyma.51These two phases
work together to produce a sequence of lesions in
the liver parenchyma, and the severity of these
lesions is closely proportional to the infectious
dose; a high dosage results in more acute, severe,
and potentially deadly lesions. Yet, further
research on sheep51 and goats has also
demonstrated that, when administered in modest,
repeated doses (trickle infections), the liver
damage was more severe than when the same
number of metacercariae were employed in a
single treatment. The immune system's reaction to
the initial infection and several stages are crucial
in the development of fasciolosis.49 these results
imply that liver damage may have its origins in the
mechanical and enzymatic activities of the
parasite. Therefore, concurrent infection and the
immune response or healing when food or drink is
tainted with infectious parasite forms—typically
wild watercress, or Nasturtium officinal—or grass
that has metacercariae embedded in it, the parasite
is transferred to its ultimate host. The existence of
intermediary hosts, which are molluscs belonging
to the family Lymnaeidae, genus Linnaean, is
necessary for the parasite cycle.53 Fascioliasis is
usually asymptomatic in humans, yet it can
occasionally cause vague symptoms including
fever, nausea, diarrhoea, and abdominal pain that
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could be indicative of a chronic or acute
infection.53

DIAGNOSIS

Because many of the disease's clinical signs, such
as gastrointestinal symptoms and eosinophilia, are
non-specific, fascioliasis can be difficult to
diagnose.18 A  combination of clinical
symptomatology, laboratory assessments, imaging
(usually computed tomography or ultrasound),
serological testing or coprology antigen testing,
and the identification of Fasciola spp. are used to
make the diagnosis. eggs in excrement or duodenal
aspirates, utilizing the Kato-Katz technique, for
instance.19 Although it can lead to a definitive
diagnosis, the detection of eggs from Fasciola spp.
is thought to be possible only in cases of chronic
disease (where adult flukes are present in the
biliary tract). Acute fascioliasis is still more
difficult to diagnose.20, 21 even though serology
and imaging may be more sensitive and specific
than in chronic disease.17

Overseeing

Human fascioliasis is treated with anthelminthic to
kill the flukes, along with symptomatic medication
to relieve abdominal pain and possibly
antispasmodic medication to treat biliary colic,
which may arise from the accumulation of dead or
dying flukes in the biliary ducts, obstructing
drainage.57

Triclabendazole

Treatment for persistent fasciolosis involves the
administration ~ of  trimetzolide, an oral
anthelmintic drug. Trimetazole administration is
generally well tolerated, albeit it may induce upset
stomach. Tricloabendazole (6-chloro-5-(2, 3-
dichlorophenoxy)-2-(methylation)-1H
benzimidazole) is a Benzimidazole derivative with
impolitic characteristics. It was initially developed
and marketed as Fascine by Ciba to treat
fascioliasis in domestic livestock, and it has been
used in veterinary medicine since 1983.22
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Among the benzimidazoles, triclabendazole is
distinct since it has a very selective action against
Fasciola spp. and little to no activity against
nematodes, custodies, or other treaties 5. In
collaboration with the World Health Organization
(WHO), Novartis subsequently developed it for
human use after it was initially designed to treat
fascioliasis in domestic livestock. Furthermore, it
demonstrated a substantial suppression of the
motility of the parasite and of growth-related
enzymes, which led to growth arrest and
eventually death. AIll stages of the parasite,
including the eggs, were shown to be resistant to
its antiphrastic  activities.7  Since 1983,
veterinarians have been using carbendazole
regularly to treat fascioliasis; nevertheless, it is
now authorized for use in humans as well.

The mode of action of triclocarbamazole

Triclabendazole is a BZs derivative and, by
analogy with what is known about other BZs
drugs, it would be anticipated that TCBZ might
bind to the B-tubulin molecule and so disrupt
microtubule-based processes. Evidence in support
of this idea has come from morphological studies
on the tegument, vitellaria and testis, following
treatment with the active sulphide metabolite. For
example, there is inhibition of mitosis in the
vitalize and spermatogenic cells; disturbance of
the transport mechanisms in the tegument, a
trematode's outer layer, which results in the
tegument's entire destruction after gradually more
severe injury to the tegmental surface.23 It has
also been noted that the tegmental syncytium lacks
tubulin immune-staining. These findings imply
that the microtubules have vanished, which would
impede the transfer of secretory bodies from the
cell bodies to the tegmental surface. The
significant morphological abnormalities seen
could be explained by the disruption of this
mechanism, which is essential for maintaining the
integrity of the surface membrane.24 Years of
research have not yet revealed the exact
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mechanism of action of TCBZ. TCBZ is a
derivative of BZ, and all the information presently
available about gastrointestinal roundworms
suggests that BZ anthelmintic attach to o and B-
tubulins inside the parasite's cells, interfering with
essential  functions including feeding and
digestion. The tegument, vitellaria, and testis of
the fluke were the subject of several
morphological investigations investigating the
effects of TCBZ and its active metabolites on F.
hepatica. All three tissues displayed notable
indications of Ultra structural disruption, which is
consistent with the inhibition of microtubule-
based activities.25

The pharmacodynamics and pharmacokinetic
aspects

Triclabendazole is a narrow-spectrum
anthelminthic that works against Paragonimus
species as well as Fasciola (F. hepatica and F.
gigantica). It works well against Fasciola species
during the whole infection cycle.26,27
Triclobenzazole's mode of action is still unclear
and could involve a number of targets, such as
acetylate cyclase activity or microtubule-based
mechanisms that disrupt the tegument.28
Pharmacokinetic studies have mostly depended on
the measurement of the sulphoxide metabolite's
plasma concentrations since it appears to have a
more powerful but delayed effect on parasite
motility than triclabendazole itself.29 It is likely
that the drug functions primarily through this
metabolite, which is highly prevalent in human
plasma. The pharmacokinetic characteristics of
patients with fascioliasis and healthy volunteers
were comparable.30 similar outcomes were seen
in both of the open-label, non-randomized trials
comparing administration of the medication to
patients with fascioliasis under fed and fasting
conditions. The investigations were conducted in
Europe and Peru, respectively (unpublished data,
Novartis). The parent compound exhibited rapid
absorption with a tmax of two to three hours,
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indicating the time to reach the maximum serum
concentration. When the sulphoxide metabolite
was fed, its median tmax and mean maximum
serum concentration (Cmax) rose from 15.8
umol/L (fasting) to 38.6 umol/L (fed condition)
and from 2 to 4 hours (fasting). Eating caused an
overall increase in the sulphoxide metabolite's
AUC of nearly 2.2 times.31 the average half-life
of the sulphoxide metabolite's elimination from
plasma in the fed state is around 11 hours. It was
suggested that triclabendazole be taken with food
as a result of the drug's increased exposure under
fed conditions. Human excretion studies have not
been carried out; nonetheless, in animals, the
medication is primarily eliminated through the
biliary tract in the faeces (about 90%), together
with the sulphoxide and the sulphone metabolite.
A dose taken orally excretes less than 10% in the
urine.32 Clinical trials and post-marketing safety
data (unpublished data, Novartis) did not reveal
any substantial safety concerns pertaining to drug-
drug interactions. The injection of triclabendazole
in a single dose may be the cause of this.

Safety and effectiveness research on humans
Using a range of dosages and regimens in a vast
geographic area, the treatment of human fasciolias
with trimethoprim and trimethoprim has been
studied for nearly 30 years. Although one placebo-
controlled trial using nitazoxanide for fascioliasis
has been undertaken, the majority of studies were
not comparable due to the lack of effective
alternative treatments and the ethical objections to
using placebo controls.36 Two very recent
investigations contrasted artemisinin derivatives
with triclabendazole.33,-35 Fasciolosis vaccines.
Vaccines against Fasciolosis: A Recap

Even if there has been a lot of work in identifying
potential vaccine molecules to lower fasciolosis in
cattle, one may argue that the product is still not at
the level of efficacy required to go on sale. A major
issue that has to be addressed is the immunological
suppression/modulation by fasciolids, which
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prevents the development of protective T helper
(Th)1 immune responses and is accountable for the
lack of immunity observed in animals infected
both naturally and in trials.37—45 This is because
a strong regulatory/Th2 type immune response
arises during an infection, effectively suppressing
the host's Th1 responses.37 However, a number of
studies have shown that after catching Fasciola,
animals acquire immunity, and that rats, sheep, or
cattle can be madeinstances of triclabendazole
resistance in humans In recent years, fascioliasis
has emerged as a major zoonotic disease, with an
increase in the number of human cases, and it is a
serious health problem in a number of countries.
TCBZ is also the drug of choice for treating
fasciolosis in humans and it is conceivable that
TCBZ-resistant fluke populations, selected in
livestock, could pose a zoonotic risk to human
health, especially in areas such as Peru and
Bolivia, where there is a high incidence of human
infections.55 The first incidence of TCBZ
treatment failure in humans was reported in a
livestock farmer in the Netherlands, with further
recent reports of four cases from Chile, one case
from Turkey, and seven cases from Peru. Clearly,
TCBZ-resistant zoonotic infections are a serious
emerging issue.56

Use by humans after initial creation and
certification

The use of triclabendazole in the treatment of
human fascioliasis has been the subject of
numerous case reports, case studies, and research
published in a variety of nations since the first
human investigations. Patients who are elderly or
who have renal or hepatic impairment have not
been specifically studied in the therapy data,
however it does include information on treating
adults, adolescents, and children. Neither the
usage of it during lactation nor pregnancy has been
researched. Clinical studies include two
randomised trials: one compares triclabendazole
with artesunate in 100 patients in Vietnam30, and
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the other compares two doses of triclabendazole in
84 pediatric patients in Peru. Other studies include
33 a study with 90 pediatric patients in Bolivia, 34
a study with 134 patients in Egypt, 35 a study with
165 patients in Iran 36, and a trial with.
Alternative therapies

Most anthelminthics, such as praziguantel,
albendazole and metronidazole, show little
efficacy in fascioliasis.57,58 Emetine has been
reported to be effective,59 but the use of emetine
(and dehydroemetine) is limited by safety issues,
principally  cardiotoxicity.39 Prior to the
development of triclabendazole, bithionol was
widely used,60 but it requires a lengthy treatment
course, is associated with tolerability issues64 and
cure rates vary considerably.51-63 Bithionol is no
longer commercially available. Other compounds
that have shown some efficacy but have not been
investigated further are metronidazole55 and
nitazoxanide.65-68 Artemisinin derivatives have
also been investigated in human fascioliasis, but
efficacy was not optimal and/or required rescue
with triclabendazole.69, 70

Studies on human efficacy and safety.
Triclabendazole treatment of human fascioliasis
has been studied over a period of almost 30 year
using a variety of doses and regimens in a wide
range of geographic areas. Most studies were non-
comparative, giventhe lack of effective alternative
treatments and that use of placebo controls would
not be considered ethically acceptable (although
one placebo controlled study with nitazoxanide in
fascioliasis has been conducted).71 Two relatively
recent studies compared triclabendazole with
artemisinin derivatives. 69, 70

CONCLUSION

Although reports of human fascioliasis have been
made on every continent that is populated, the
disease is most prevalent in a few areas, most
notably in Peru, Bolivia, Egypt, Iran, and Vietnam.
Even though fascioliasis is found all over the
world, there were few treatment choices available
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before triclabendazole was developed. This is still
the case because no other medication has shown
comparable or sufficient efficacy against
fascioliasis. Triclobenzazone is a very successful
treatment for human fascioliasis, according to
research conducted in the 1990s by the WHO in
association with Ciba, studies conducted by the
Egyptian government, and later published studies,
case series, and case reports. A single dose of 10
mg/kg administered postprandially was found to
be generally successful in the early investigations;
nevertheless, patients needed to be monitored to
confirm any improvement in their clinical
condition. Two further doses of 10 mg/kg can be
administered 12-24 hours apart if the initial 10
mg/kg dose does not work as intended. The current
WHO recommendations are based on these
research, which served as the foundation for
regulatory approvals in France in 2002 and Egypt
in 1997. The US FDA's latest approval helps to
heal a Clinical trials on both acute and chronic
forms of fascioliasis and F. hepatica and F.
gigantea infections have demonstrated the
effectiveness of trimethoprim-sulfamethoxide.72-
75 The majority of adverse events (AES) were
likely caused by the ejection of dead or dying
flukes from the biliary tract, but the treatment with
trimethobenzole was typically well tolerated. It is
reasonable to assume that, given its widespread
use in veterinary medicine, resistance to
triclabendazole in diseases affecting cattle is well-
established; nevertheless, resistance in human

fascioliasis appears to be uncommon and

intermittent.
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