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Ascariasis and intestinal parasitic nematodes are the leading cause of mass mortality infecting many peo-
ple across the globe. In light of the various deleterious side effects of modern chemical-based allopathic
drugs, our preferences have currently shifted towards the use of traditional plant-based drugs or botan-
icals for treating diseases. The defensive propensities in the botanicals against parasites have probably
evolved during their co-habitation with parasites, humans and plants in nature and hence their combat-
ive interference in one another’s defensive mechanisms has occurred naturally ultimately being very
effective in treating diseases. This article broadly outlines the utility of plant-based compounds or botan-
icals prepared from various medicinal herbs that have the potential to be developed as effective therapies
against the important parasites causing ascariasis and intestinal hookworm infections leading to ascari-
asis & infections and thereby human mortality, wherein allopathic treatments are less effective and
causes enormous side-effects.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Pathogenic nematodes are always a major problem throughout
the globe and remain mainly in poor and vulnerable countries such
as developing and tropical countries (Mukherjee et al., 2016; Sripa
et al., 2022). Hookworm infections and ascariasis account for more
than 700 and 1200 million people worldwide primarily in tropical
and subtropical regions causing gastrointestinal infections and
problems (nausea, epigastric discomfort, flatulence, early satiety,
diarrhoea, vomiting, bloating etc.) leading to an economic loss of
over US$100 billion annually (Bartsch et al., 2016; Chapman
et al., 2021; CDC, 2023a; CDC, 2023b; de Lima Corvino and
Horrall, 2023). The utilization of plants as botanical drugs is a
well-known theme in traditional methods of treatments, such as
Ayurveda and Unani systems that are commonly practised in the
Indian, Chinese, and North African civilizations since time
immemorial. (Bhat and Surolia, 2001; Phillipson, 2001; Hamilton,
2004; Jain, 2007; Upadhaya et al., 2007; Ayyanar et al., 2008;
Hassan, 2015; Li and Weng, 2017; Jamshidi-Kia et al., 2018;
Parveen et al., 2020; Jindal and Seth, 2022). People have used
plants for therapy even without deciphering their active compo-
nents and understanding their thorough therapeutic potential.
But it was only around the nineteenth century that plants were
explored for undertaking investigations on the presence of useful
active compounds in them that could make such plants immensely
beneficial for their pharmacological and biological implications
(Awotedu et al., 2020; Phillipson, 2001). Both modern and tradi-
tional medicines utilize medicinal plants, and botanical drugs in
the preparation and production of synthetic and natural drugs
(Awotedu et al., 2020). Traditional medicines were found to be
promising in controlling helminths and were effective for ages
(Mali and Mehta, 2008). Medicinal plants have been the subject
of several reviews that highlight them as controlling agents of par-
asitic diseases, for instance, Aschale et al. (2022) and Yirga et al.
(2022) discussed medicinal plants of Ethiopia against gastrointesti-
nal parasites while Cock et al. (2018) reviewed South African
medicinal plants against some important parasitic diseases, and
similarly, Mali and Mehta (2008), Sunita et al. (2017) and Akram
et al. (2021) delineated medicinal plants as potent therapy against
helminths. In modern times also, parts of medicinal plants such as
leaves, roots, bark, flowers and berries are used to prepare herbal
products for curing various diseases (Awotedu et al., 2020). In this
context, some popular examples of drug extraction from plants and
their application on humans for therapeutic purposes are worth
mentioning. For instance, quinine was isolated by Caventou and
Pelletier for treating malaria from the bark of Cinchona species
[Rubiaceae], codeine and morphine from the latex of Papaver som-
niferum L. [Papavareceae] as analgesic and narcotic, respectively,
whereas leaves of Digitalis purpurea L. [Plantaginaceae] were sub-
jected to extraction of digoxin (Phillipson, 2001). Malaria, a deadly
disease, for instance, can be treated by administering salicin (Salix
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sp.), cardiac disorders that can be remedied by consuming Digitalis
sp. extracts, respiratory disorders potentially cured by the extract
of Ephedra sp. and so on. The biologically active chemicals from
plants, such as phytochemicals that are secondary metabolites
have got immense utility in promoting the health of both plants
(provides resistance against diseases and pathogens) and humans
(Saxena et al., 2013). Furthermore, even undesired plants like
weeds can also be used to protect crops from pathogen attacks
(Pathak et al., 2018), and can act against helminths (Lewu and
Afolayan, 2009).

The diversity of pathogenic microorganisms also poses a threat
to living organisms, quite a few of them are yet to be identified
(Ramlal et al., 2024, unpublished) and the host and pathogen rela-
tionship remains to be established for them that is supposed to be
resulting due to a definite intimate affair amongst them. For break-
ing such an intimacy, some natural resources, such as phytochem-
icals are required to be employed that have significant roles in
breaking their intimacy and thus controlling the spread of diseases.
Some host-microbe interactions are associated with each other for
mutual benefits (Mishra et al., 2018; Ellouze et al., 2018; Kumar
et al., 2021) in a way that they allow their pathogens to act as
insecticide for them by controlling invasions from other pathogens
(Ellouze et al., 2020; Pandit et al., 2022) and thus can serve as
biopesticides, in general. Hence biopesticides are naturally occur-
ring compounds in plants that help to control pests of crop plants
that affect animals and humans (Kumar et al., 2021; Shambhawi
et al., 2022). Currently, our knowledge of their potent roles in
nematodal disease control needs to be elaborately understood in
light of modern research. According to the World Health Organisa-
tion (WHO), around 80% of the world’s population (approx. 4 bil-
lion) use herbal products to cure diseases and also 11% of the
drugs are either prepared or are derivatives of medicinal plants
(Awotedu et al., 2020). Alkaloids, terpenoids, saponins, volatile oils,
flavonoids, steroids and glycosides, all constitute secondary
metabolites and are proven to be highly useful in the treatment
of various diseases. For instance, alkaloids show analgesic,
antispasmodic, antimalarial, and diuretic properties, while ter-
penoids show antiviral, antibacterial, antihelminthic and anti-
inflammatory attributes (Awotedu et al., 2020). Helminths cause
deadly diseases in humans including ascariasis, hookworm infec-
tions (ancylostomiasis and necatoriasis), trichuriasis, lymphatic
filariasis and schistosomiasis (Hotez et al., 2008; Aschale et al.,
2022; Habibou et al., 2022; Quinzo et al., 2022). Diseases caused
due to the parasites like roundworms & flatworms are quite com-
mon worldwide, however, most of the deadly diseases occur in the
subtropical and tropical regions of the world (Wakelin, 1996).

The current article underscores the importance of the most
common occurring deadliest diseases caused by some important
parasites causing ascariasis and intestinal hookworm infections.
It discusses the prevalence, transmission mode, chemistry, merits
and demerits of plant-based compounds. Furthermore, it sheds
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light on the antihelminthic drugs produced by the medicinal plants
against these worms.
2. Helminths: Hosts, pathogenesis, and prevalence

2.1. Hosts and types of worms

Helminths consist of parasitic worms that are responsible for
causing fatal and life-threatening diseases in humans (Castro,
1996, Mali and Mehta, 2008; Manke et al., 2015; Arrais et al.,
2022). They can infect a wide range of animals and also humans
and cause huge losses to all. They are known for showing no symp-
toms having chronic health diseases in humans and livestock alike
(Mascarini-Serra, 2011; Idris et al., 2019). Based on the morphol-
ogy, host organisms and their egg features, they have been classi-
fied into many different groups, namely Trematodes (flukes),
Cestodes (tapeworms), and Nematoda (roundworms). The nemato-
dal members have varied morphological features, such as flukes
are leaf-like flatworms with suckers, while tapeworms are seg-
mented, elongated and roundworms with a cylindrical body
(Castro, 1996). Generally, eggs, larval and adult stages of flukes,
those of both roundworms and tapeworms are responsible for
the pathogenicity in humans (Castro, 1996). According to the
WHO 2020, Necator americanus and Ancylostoma duodenale (hook-
worms), Ascaris lumbricoides (roundworm) and Trichuris trichiura
(T. trichiura, whipworm) are major infection-causing helminths in
humans (WHO, 2020). The roundworm resides in the small intesti-
nes, adult hookworms in the upper part of the small intestines,
while the adult whipworm lives in the cecum of the large intesti-
nes (Mascarini-Serra, 2011). The infections due to these worms
in humans are diagnosed preliminarily through symptoms, such
as diarrhoea, stomach pain, fatigue, inflammation, enlargement of
the spleen and liver, anaemia, vomiting and constipation (Idris
et al., 2019). Some of the common larval types that are found in
the intestines of humans are described by Castro (1996).

2.2. Prevalence

These parasitic worms are found widely in patients occurring
across the globe. Their existences occur in infected humans living
in the tropics and subtropical regions and primarily affect individ-
uals from China, East Asia, America, and sub-Saharan African
regions (WHO, 2020). Areas with improper sanitation and poor
hygienic conditions of human habitation are more prone to
worm-based infections and diseases (Idris et al., 2019). Over 1.5
billion (24%) population is infected with soil-transmitted hel-
minths worldwide (WHO, 2020). The most common infections
caused by the helminths (helminthiases) or soil-transmitted hel-
minths (STHs) are ascariasis, hookworm, trichuriasis, and intestinal
helminths (Hotez et al., 2008). According to the guidelines given by
WHO, there is a formula to calculate parasite prevalence and it is
mathematically interpreted (Kumar et al., 2014):

Prevalence ¼ No: of individuals testedpositive
Total number of individuals tested

� 100

Further, the severity of the infection is calculated by Katz et al.
(1972) method of Kato-Katz using a faecal thick smear.

2.3. Transmission mode

The parasitic worms may choose different modes for the trans-
mission of infection from an infected individual to a healthy person
which include 1) direct transfer, 2) skin penetration, 3) modified
direct method, 4) bite from an infected insect vector and 5) con-
taminated food (foodborne). In the direct method, the organism
3

(parasite) directly interacts with its host. The eggs of the worm
which are released through the faecal material come into contact
with a healthy individual and after entering into a healthy individ-
ual, a new cycle of infection onsets (Idris et al., 2019). This is gen-
erally seen in Enterobius vermicularis (human pinworm), which
causes enterobiasis or oxyuriasis (CDC, 2020; Idris et al., 2019).
In the modified direct method, the eggs of the parasitic worms
are released into the environment during open defecation and they
undergo developmental changes (metamorphosis) and become lar-
vae, which are then ingested by the suitable host through various
means, such as by consuming contaminated food or directly
through the exposure from soil and enter into the circulatory and
digestive systems of the host’s body. From the lungs, they reach
the intestines and become adults. This process causes trichuriasis
and ascariasis by T. trichiura and Ascaris lumbricoides respectively
(Idris et al., 2019). The eggs are released in faeces or through urine
from the host into the soil or freshwater. Depending on the nature
of the parasite, they develop either into infective larvae while liv-
ing free or as an intermediary host. They then penetrate through
the skin of a susceptible host and get into the bloodstream via cir-
culation. For example, the larvae Strongyloides stercoralis and Ancy-
lostoma duodenale upon reaching the lungs are re-swallowed by
the host and become an adult in their intestine. Foodborne hel-
minths have their eggs or larvae transmitted when uncooked or
contaminated food materials, such as vegetables, meat, crus-
taceans and unhygienic water that are contaminated with Ascaria,
Dracunculia, and many other parasitic pathogens are consumed by
humans (Idris et al., 2019). The helminthic worms are soil-
transmitted infectious agents, therefore, often referred to as soil-
transmitted helminths (STHs). Also, occasionally they are transmit-
ted through other methods. For instance, the eggs released from
infected individuals through faeces are transmitted to healthy indi-
viduals either through contaminated vegetables or drinking water
and any other inadvertent activity by any individual or children
due to poor sanitation and knowledge about them (WHO, 2020).
The mentioned parasites also spread through their vectors that bite
infected individuals and suck their blood or carry their tissues and
bite healthy individuals, thus getting transferred into such individ-
uals (Wakelin, 1996). A summary of diseases caused by some
important nematodes and their mode and medium of transmission
is given in Table 1.
3. Hosts – parasites: Interactions and treatments

The fundamental processes including embryonic development,
organogenesis, and reproduction of helminths have provided an
insight into the signalling pathways involved in these processes,
such as Notch, Wnt, Hedgehog, and transforming growth factor-
beta (TGF b) that are used by the pathogens for their multiplication
and growth. For example, the endogenous hormones like fibroblast
growth factor-like (FGF-like) and epidermal growth-factor-like
(EGF-like) components that include also Ras/Raf-MAPK, TGF b -
SMAD cascades and the receptors of FGF and EGF are recognized
by the pathogens, such as schistosomes and filarial worms since
they share strong sequence similarity with the mammalian ortho-
logs (Brindley et al., 2009). Several parasitic pathogens namely
roundworm, whipworm and hookworm have developed many
ways to enter the host via skin and stomach and finally reach into
the small intestines and lay eggs that are released outside through
faeces and infect other healthy hosts to continue their life cycles.
Studies using rodent parasites Trichinella spiralis, Trichuris muris,
Nippostrongylus brasiliensis and Heligmosomoides polygyrus showed
that the presence of intestine epidermal cells (IECs) is critical for
the initiation of type-2 immune responses in the host. Upon infec-
tion, the IECs produce and release some damage-mediated com-



Table 1
Diseases their causative agents, mode of transmission, medium and infective stages.

S.
No

Causative agent Mode of transmission Medium of
transmission

Infective
stage

Common
diseases

Distribution References

1 Enterobius vermicularis Direct Feces Eggs Enterobiasis/
Oxyuriasis

Worldwide Idris et al.,
2019; CDC,
2020

2. Ascaris lumbricoides Modified direct Feces/food/soil Adults Ascariasis Worldwide Idris et al.,
2019

3. Trichuris trichiura Modified direct Feces/food/soil Adults Trichuriasis Worldwide Idris et al.,
2019

4. Ancylostoma duodenale Skin penetration Faeces/urine Larvae Intestinal
hookworm

Subtropics, tropics
worldwide

Idris et al.,
2019

5. Strongyloides stercoralis Skin penetration Faeces/urine Larvae Strongyloides Subtropics, tropics
worldwide

Idris et al.,
2019

6 Echinococcus granulosa The oncospheres are released in the
human intestine & migrate using
blood in the liver and lungs

Through a faecal matter
of the definitive host

Larval
stage of
taeniid

Cystic
echinococcosis

Worldwide Ali et al.,
2020; CDC,
2021

7 Onchocerca volvulus Bites from infected vector female blackflies
(genus Simulium)

Larvae Ochocerciasis
(river blindness)

Mostly tropical
Africa and America

Idris et al.,
2019

8 Wuchereria bancrofti,
Brugia malayi

Bites from infected vector infected Aedes, Culex,
Anopheles,
orMansoniamosquitoes.

Larvae Lymphatic
filariasis (LF)

Mostly Tropical
Africa, Asia,
America

Idris et al.,
2019

9 Loa loa Bites from infected vector Deer fly (Chrysops) Larvae Loiasis Central Africa Idris et al.,
2019

10 Schistosoma
haematobium, S.
mansoni, S. japonicum
(blood flukes)

Skin penetration Faeces/urine, Water
snails as intermediate
host

Larvae Schistosomiasis
(bilharzia, snail
fever)

Tropical and
subtropical Africa,
S America and E
Asia

Giannelli
et al., 2016;
Idris et al.,
2019

11 Dracunculus medinensis Foodborne Helminth Faeces/food/water,
Copepods as
intermediate host

Larvae,
egg, cyst

Dracunculiasis Africa, Asia Torgerson
et al. 2014;
Idris et al.,
2019
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pounds which include cytokines, interleukins (IL)-25, ATP, and thy-
mic stromal lymphopoietin that in combination with diverse
sources of IL-33 stimulate the tissue-resident type 2 innate lym-
phoid cells (ILC2s) to produce other interleukins (IL-4, IL-5 and
IL-13). The type 2 cytokines rapidly recruit eosinophils and alterna-
tively activated macrophages (AAMacs) with tissue-reparative
properties to the infection site and surround the intestinal barrier
by producing mucus and anti-microbial peptides thereby, enhanc-
ing the shedding of dead enterocytes (Jackson et al., 2006; King and
Li, 2018). The production of pro-inflammatory cytokines such as
TNFa and IL-1b (good biological alarms) is positively correlated
with the faecal egg counts, yielding a positive clue to the clinicians
for diagnosis. Thus, early responses to helminth infection may
simultaneously involve components of type 1 and type 2 immune
responses that not only limit microbial invasion during a helminth-
induced barrier breach but also promote tissue repair and regener-
ation along with limiting tissue damage (King and Li, 2018). The
helminthic parasites regulate immunity through suppression
diversion and alter the immune system of the host and create a
favourable anti-inflammatory environment for their survival. Para-
sites produce many compounds, such as cytokine homologs, pro-
tease inhibitors, glycoconjugates and small lipid products which
could notoriously interfere with the immune system and elicit
allergic responses in the hosts. Studies showed that parasites like
Acanthocheilonema viteae, Nippostrongylus brasiliensis and Ascaris
suum can directly interfere with allergic responses with the devel-
opment of allergen-specific responses. Some studies have sug-
gested that metabolic products of helminths can interfere with
both the development of allergic responses and host-effector
mechanisms (Brindley et al., 2009). King and Li (2018) have shown
how different molecules interact during intestinal helminth
attacks inside a host that involves a series of networks of reactions
(King and Li, 2018).

According to the essential medicines list of the WHO, five drugs
exist at present for the Strongyloides stercolaris which include
4

albendazole and mebendazole (benzimidazoles), levamisole, iver-
mectin, and pyrantel pamoate (Keiser and Utzinger, 2010). The pri-
mary roles of the drugs have been tabulated in Table 2. The
standard drugs which are recommended by the WHO are meben-
dazole (MBZ) and albendazole (ALB) with a dosage of 500 mg
and 400 mg, respectively administered periodically to control the
growth of the STHs (Kumar et al., 2014; Patil et al. 2019). The ideal
qualities of these drugs include that they should have a broad spec-
trum of action, be effective in single-dose treatment, be non-toxic,
have less or no side effects and be inexpensive as well (Mali and
Mehta, 2008). Though there are so far no cases of development
of resistance against these drugs, however, due to the increasing
number of cases, there is a need to develop more drugs using
plant-based products as they are more efficient in combating the
mentioned diseases.
4. Host types, pathogenesis, and prevalence

4.1. Intestinal hookworm

Intestinal hookworms cause a deadly disease that is manifested
by the infection through intestinal Necator americanus and A. duo-
denale; and a secondary worm A. ceylanicum. It has been observed
that A. ceylanicum is a newly emerging parasite that is reported to
cause the disease in humans ( CDC, 2023b). The life cycle involves
laying of eggs in the faecal material followed by hatching and
growth under favourable conditions into rhabditiform larvae (sec-
ond stage) and subsequently, developing into filariform larvae (in-
fective third stage), which then enter into humans through the skin
and exit the human body through faecal matter while continuing
their growth cycle ( CDC, 2023b). Based on the distribution pattern
of these parasites, it is felt that these parasites show a wide range
of distribution as their larvae grow profusely in warn and moist cli-
matic conditions, such as A. duodenale and N. americanus can be
found from Asia to America, while A. ceylanicum is considered



Table 2
Commonly used drugs and their roles against STHs.

S
No

Drug Roles Targets References

1 Mebendazole (MBZ) Interfere with microtubules STH Keiser and
Utzinger, 2010

2 Albendazole (ALB) Interfere with microtubules STH Keiser and
Utzinger, 2010

3 Levamisole Agonist of nicotinic acetylcholine receptor
causes muscle contractions and spastic
paralysis

Lymphatic filariasis, onchocerciasis, loiasis and strongyloidiasis
and against roundworm, intermediate whipworm and less
hookworm

Keiser and
Utzinger, 2010;
Liu et al., 2020

4 Pyrantel pamoate Agonist of nicotinic acetylcholine receptor
(nAChRs)

STH Keiser and
Utzinger, 2010

5 Thiabendazole Interfere with microtubules Ascaris lumbricoides, Strongyloides stercoralis (threadworm),
Necator americanus, and Ancylostoma duodenale (hookworm),
Trichuris trichiura (whipworm), Enterobius vermicularis (pinworm)

Rang et al., 2016

6 Ivermectin Interfere with the GABA-
mediated neurotransmission at the
glutamate-gated chloride channels (GluCl)

Lymphatic filariasis, onchocerciasis, Schistosomiasis, Strongyloides
stercoralis, Ascaris lumbricoides, Trichuris trichiura, Enterobius
vermicularis

Rang et al., 2016

7 Praziquantel Causes intracellular calcium to leak from the
parasites’ cell membranes, producing
contracture and paralysis

Schistosomiasis, cestodes, cysticercosis Rang et al., 2016

8 Piperazine (PZ) Antagonist against GABA receptors Ascaris and Enterobius infections Rang et al., 2016
9 Diethylcarbamazine

(DEC)
Targets the cyclooxygenase pathway and
COX-1

Lymphatic filariasis, loiasis Rang et al., 2016

10 Morantel L-subtype of nAChRs A. suum Liu et al., 2020
11 Macrocyclic lactones

(abamectin,
avermectin,
ivermectin)

Antagonist against GABA receptors, nAChRs
and GluCl and nematodal pharyngeal and
body wall paralysis

Nematodes Liu et al., 2020

12 Tribendimidine
(amidantel)

Antagonist against nAChRs Strongyloides and Ascaris (not Trichuris) Liu et al., 2020

A. Ramlal, A. Nautiyal, J. Kumar et al. Saudi Journal of Biological Sciences 30 (2023) 103814
endemic to the Pacific Islands and Southeast Asia albeit also
reported from Japan, Australia, Madagascar and UAE ( CDC,
2023b). This disease causes a reduction in the birth weight of neo-
nates, increases morbidity and mortality and often prenatal matu-
rity and enhances the intensity of the disease with maturing age
(Hotez et al., 2008). The global prevalence of this disease is 740–
1300 million and affects mostly developing regions of Asia, Latin
America and Africa and their rural localities (Hotez et al., 2008;
Idris et al., 2019). Around 65,000 deaths of humans are caused
every year because of anaemia (Kumar et al., 2014) which is caused
due to parasitic infections. A survey conducted by the groups of
Khanum et al (2010) and Kumar et al (2014) on the season’s effects
on the parasitic prevalence found that the highest prevalence of
intestinal hookworm in India was recorded in the autumn
(80.5%) and the lowest in spring (43.9%) with an overall prevalence
of the disease as 49.38% (Idris et al., 2019; Kumar et al., 2014).

The common drugs which can be used in different combinations
to treat helminthic diseases include levamisole, piperazine, macro-
cyclic lactones, aminoacetonitrile derivatives, and benzimidazoles,
all chemically synthesized drugs (refer to Table 2 for more details).
Moreover, the parasites have seemingly become resistant to these
drugs. As a reason, alternatives, such as secondary metabolites pro-
duced by medicinal plants endowed with antimicrobial and
antiparasitic activities can be a better means of therapy in these
cases. Flavonoids, terpenoids, alkaloids, and phenolic compounds
are being used to develop antihelminthic drugs that have got
potential to act by favourably intervening in the defence systems
of humans (Idris et al., 2019).
4.2. Ascariasis

Ascaris inhabit the intestine of humans as a parasite. The most
common and primary roundworm is the Ascaris lumbricoides,while
another species A. suumwhich generally infects pigs can also infect
humans (CDC, 2020). The female lays around 2,00,000 eggs in one
cycle and releases them through the faeces of an infected person.
5

The eggs are ingested by humans through contaminated foodstuffs.
Upon entering the human gut, they invade the mucosa of the
intestines and through the circulatory system, they reach the
lungs. The life cycle details of the parasite have already been dis-
cussed in the aforementioned sections. The global prevalence of
this disease is around 1221 – 1472 million and it causes around
10,500 deaths every year with an overall percentage of prevalence
of 46.88% (Idris et al., 2019; Kumar et al., 2014). It is considered one
of the major gastrointestinal parasitic infections causing problems
worldwide (Knopp et al., 2012; Aschale et al., 2022). At present,
there is no plant-based drug available to control this parasite in
humans except albendazole (ALB) (400 mg), a chemical and syn-
thetic drug that is a potential curative drug, administered orally
to patients suffering from ascariasis. (Kumar et al., 2014).
5. Current status and implications in disease management

Currently, there are no vaccines for intestinal parasitic nemato-
dal and helminthic diseases (Liu et al., 2020; Perera and Ndao,
2021). Despite the severity and global importance, the treatments
are dependent on chemotherapies and natural sources of medica-
tions (Liu et al., 2020). Some of the preventive measures are con-
trolling vectors, hygiene, sanitation and education. However,
parasite resistance, ability to modulate and regulate the host’s
immunity, low effectiveness of drugs and lack of sanitation, and
poor healthcare facilities remain the leading causes of increased
infections. Moreover, the available drugs are expensive and inac-
cessible to many (Liu et al., 2020; Zawawi and Else, 2020; Perera
and Ndao, 2021) and the onset of the pandemic COVID-19 further
lagged behind the progress in the development of vaccines and
medications for nematodes and helminths (Wong et al., 2023).

The main drugs which are currently used for the treatment of N.
americanus and A. duodenale infections include mebendazole and
albendazole (benzimidazole). They kill by inhibiting the formation
of microtubules through binding to b tubulin thereby disrupting
the cytoskeleton of the parasites. Similarly, the nicotinic agonists
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help in depolarization and paralysis of the parasite muscles (refer
to Table 2 for more details). Breaking resistance and side effects
associated with the usage of these drugs such as nausea, headache,
dizziness, abdominal pain, and diarrhoea, and also sometimes act
as toxic to children below 1 year of age and pregnant women
(Loukas et al., 2016; Mukherjee et al., 2016; Liu et al., 2020). There-
fore, to overcome these challenges, alternative approaches should
be explored such as plant-based compounds which can potentially
replace and give better efficiency in controlling infections and dis-
eases. Many studies showed that plant-based compounds have
shown significant activity against nematodes and helminths. For
instance, Ranasinghe et al. (2023) reported that 91 plants (34 com-
pounds) showed in vitro inhibiting activity against parasites
(Ranasinghe et al., 2023). Similarly, Liu et al. (2020) have reviewed
Table 3
Major helminthic diseases, their causative agents, drugs available and alternate plant-bas

S
No

Disease Causative agents Symptoms Treatment –

1 Intestinal
hookworm

Necator
americanus,
Ancylostoma
duodenale and
sometimes A.
ceylanicum

Nausea, abdominal pain Albendazole,
Mebendazole

2 Ascariasis Ascaris
lumbricoides
(human
roundworm) and
A. suum (pig
roundworm)

No symptoms – but
show abdominal pain,
blockage of intestines
and impaired growths in
children

Albendazole,
Mebendazole

3 Cystic
echinococcosis

Echinococcus
granulosa

Pain or discomfort in the
upper abdominal region
or chest, nausea,
vomiting, or coughing

Albendazole,
Mebendazole

4 Schistosomiasis Schistosoma
haematobium, S.
mansoni, S.
japonicum

Initially no symptoms,
but later develop a rash
or itchy skin, fever,
chills, cough, andmuscle
aches.

Praziquantel

5 Lymphatic
filariasis (LF)

Wuchereria
bancrofti, Brugia
malayi

Asymptomatic - but
damages the lymph
system, causes
lymphedema

Diethylcarbam
(DEC), iverme

6 Dracunculiasis Dracunculus
medinensis

Slight fever, itchy rash,
nausea, vomiting,
diarrhoea, dizziness,
blisters on lower body
parts

No drug treat
but Albendaz
Mebendazole
be used

6

botanicals against nematodes. Mentha cordifolia Opiz. ex Fresen.
(synonym of M. � villosa Huds.) [Lamiaceae] (mint) b sitosterol
(Villaseñor et al., 2002) and bark extract of Cinnamomum verum J.
Persl [Lauraceae] (cinnamon) (Williams et al., 2015) are effective
against A. suum including several other nematodes as mentioned
by Liu et al. (2020).
6. Botanicals against ascariasis and intestinal hookworm: Mode
of action, and significance

Plants have been used in various formulations, traditional med-
ications and preparation of drugs since ancient times. Various
studies showed the utilization and use of phytocompounds against
ed active extracts and compounds used against the diseases.

Drugs Treatment – Plant-based
compounds

References

1. F. procumbens, root tuber 2. S.
glabra, rhizome
3. T. wallichiana, aerial roots

CDC, 2023b; Idris et al., 2019;
Lyndem et al., 2005; Manke et al.,
2015

1. C. papaya, Seeds extract
2. Ananas comosus (L.) Merr.
[Bromeliaceae], Seeds extract
(pineapple)
3. M. � villosa Huds.
4. C. verum J. Presl
5. F. procumbens, whole root tuber
extract
6. Calotropis procera (Aiton)
Dryand [Apocynaceae], aqueous
extract
7. Chenopodium ambrosioides L.
(synonym of Dysphania
ambrosioides (L.) Mosyakin and
Clemants [Amaranthaxeae] Leave
and seed (oil)

Yadav et al., 1992; Booth et al.,
1993; Mali and Mehta, 2008;
Hagel and Giusti, 2010; Williams
et al., 2015; CDC. 2020; Liu et al.,
2020

1. Essential oils - T. ammi (Carom/
ajwain), fruits and Origanum
vulgare L. Origanum vulgare (sweet
marjoram), leaves
2. Ethanol extracts - Salvia
officinalis L. [Lamiaceae], leaves
(sage) and Thymus vulgaris L.
[Lamiaceae], leaves (thyme)

CDC, 2021; Siles-Lucas et al.,
2018

1. Cucurbita pepo L.
[Cucurbitaceae], seeds (Pumpkin)
2. Gymnanthemum amygdalinum
(Delile) Sch. Bip. (synonym -
Vernonia amygdalina Delile)
[Asteraceae], Leaf (unresolved
name; bitter leaf)
3. Pulicaria undulata subsp.
undulata (synonym - Pulicaria
crispa Sch. Bip.), [Asteraceae]
leaves (ethanolic extract)

Ali 2011; CDC, 2021

azine
ctin

1. Tinospora crispa (L.) Hook. f. &
Thomsom [Menispermaceae],
dried stem (giloy/petawali)
2. Bauhinia racemose Lam.
[Fabaceae], leaves and Aegle
marmelos (L.) Correa [Rutaceae],
leaves
3. Many other plants as reviewed
by Maurya et al. (2015)

CDC, 2021; Maurya et al., 2015

ment,
ole,
might

1. Allium sativum L.
[Amaryllidaceae], bulb, leaves
2. Jatropha curcas L.
[Euphorbiaceae], Leave, roots,
stem, seeds

Adekunle et al., 2007; CDC, 2021
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these parasites. Nearly, 70,000 plants are being used in medicine
(Newman and Cragg, 2016; Romero-Benavides et al., 2017), how-
ever, the number is still increasing and needs exploration and
attention in this area for the identification of novel compounds
for disease control. These parasites and nematodes are not only
problematic for humans but also a serious threat to cattle and
other domestic animals (Hamid et al., 2023).

Plants possess secondary metabolites such as flavonoids, alka-
loids, and phenolics including others which contain antioxidant,
antihelminthic, antiviral and other properties (Mukherjee et al.,
2016). Depending upon of route of administration and usage they
perform and show different modes of action. For instance, direct
effect – phenolics and terpenoids of Cichorium intybus L. [Aster-
aceae] possess antihelminthic properties (Hoskin et al., 1999) or
immunological effect - tannins improve the immunity of hosts
(Min et al., 2003; Athanasiadou and Kyriazakis, 2004). Generally,
the enzymes involved in the formation of walls are targeted for
drug delivery and control in parasites which lead to paralysis and
muscular failure (Mukherjee et al., 2016; also reviewed other roles
of medicinal plants and their extracts in treating different
parasites).

Several groups such as Farnsworth et al. (1985), Murthy et al.
(2011), Romero-Benavides et al. (2017), Liu et al. (2020),
Jayawardene et al. (2021), Manjusa and Pradeep, 2022 have
reviewed the medicinal properties of plants and their compounds
used against the helminths and hookworms. Similarly, Ramlal
et al. (2023) have shown the use of soybean secondary metabolites
against the angiotensin-converting enzyme (ACE) (Ramlal et al.,
2023) also on malaria (Ramlal et al., (unpublished)). Sogan et al.
(2018) and (2023a) showed the application of leaf & seed extracts
of Ricinus communis L. (castor) [Euphorbiaceae] against Aedes
aegypti (dengue) & Anopheles culicifacies (malaria) and orange peel
oil against A. stephensi respectively causing serious diseases. Sev-
eral other non-plants have also been shown to possess medicinal
properties against deadly parasites such as Digenea simplex (Wul-
fen) C Agardh [Rhodomelaceae] (Farnsworth et al., 1985) and
Sogan et al. (2023b) reported the use of fungus in controlling
malarial vector. A summary of helminthic diseases and plant-
based extracts used for their treatment has been described in
Table 3.

6.1. Intestinal hookworm

Plants with antimicrobial properties can be utilized as remedial
measures in controlling parasitic diseases discussed above. A study
on the medicinal properties of plants from Northeast India showed
their immense potential and promise in parasitic disease therapy.
These plants include the aerial roots of Trichosanthes wallichiana
[Cucurbitaceae], rhizome pulp of Stephania glabra [Menisperma-
ceae] and root tuber peel of Flemingia procumbens [Fabaceae] that
are used in traditional medicines currently against gastrointestinal
worms (Lyndem et al., 2005). It has been shown that the metabo-
lites or phytoconstituents present in the root peels of F. vestita inhi-
bit the normal functioning of trematode and cestode worms by
blocking the activity of enzymes especially the nitric oxide syn-
thase that competes with the metabolic enzymes of the parasitic
organisms and exterminate them by interfering into their growth
processes (Lyndem et al., 2005). Lyndem et al. (2005) have shown
that the parasite A. ceylanicum showed a longer growth time of
around 56.5 ± 0.05 h when grown in phosphate buffer saline as
control while showing symptom appearance in a dose-dependent
manner when treated in vitro with 100 mg/ml of root extract of
T. wallichiana and rhizome pulp of S. glabra. In the same study,
Lyndem et al. (2005) showed that mebendazole could also control
the growth of the parasite, however, plant extract mixed with
chemical drugs has better effects in killing the parasites.
7

6.2. Ascariasis

Based on our traditional knowledge through ayurvedic and
unani medicinal compositions as well as literature-based screen-
ings, some plants and their parts have been found to have signifi-
cant medicinal properties. For instance, the plant parts of Bixa
orellana [Bixaceae], palasonin (lactone from seed) of Butea mono-
sperma [Fabaceae (Rao et al., 1977; Mali and Mehta, 2008), Cae-
salpinia crista [Fabaceae], Carica papaya [Caricaceae],
Trachyspermum amm, Sprague [Apiaceae], Senna alata [Fabaceae],
Lantana camara [Verbenaceae], parasiticum [Meliaceae], Leucaena
lucocephala [Fabaceae], Mangifera indica [Anacardiaceae], Moringa
oleifera [Moringaceae] and Combretum indicum [Combretaceae]
(Goswami et al., 2013) and Embelia ribes [Primulaceae] (Raviraja
Shetty, 2021), Artemisia maritima [Asteraceae] (Athanasiadou
et al., 2007), are used against Ascaris infections (Waller et al.,
2001). Leaves of Bersama abyssinica [Melianthaceae], Diplolophium
africanum [Apiaceae] and fruits of Myrsine Africana [Primulaceae]
are reported to be effective against Ascaris (Seyoum and Zerihun,
2014). Williams et al. (2016) have used different medicinal plants
for in vitro examinations against A. suum. Furthermore, the extracts
using roots of Clausena anisate [Rutaceae], roots and root bark of
Zanthoxylum zanthoxyloide [Rutaceae] and fruit peel of Punica
granatum [Lythraceae] have been found to have potent inhibitory
activity against A. suum (Williams et al., 2016).
7. Drug resistance and nematodes

Multi-drug or antihelminthic resistance (MDR or AR) is a major
problem that is prevalent and an emerging cause of the reduction
of mortality of parasites (Kebede et al., 2021). It is the capability of
a parasite in a particular population to withstand or overcome the
effects of a specific drug and simultaneously inherit it to the sub-
sequent generation. This decreases the efficacy and efficiency of
helminths to any antihelmintic drug that was previously found
to be effective because of repeated use of the same drug
(Sangster, 1999; Mukherjee et al., 2016). There are cases where
the nematodes and parasites have developed resistance to various
classes of synthetic drugs (Behnke et al., 2008; Mukherjee et al.,
2016). Therefore, these considerations in the development of resis-
tance in parasites are as important as bacteria and fungi against
antibiotics. This has necessitated the exploring and unravelling of
newer natural compounds from plants.
8. Conclusions and recommendations

Plant-based extracts are effective potent agents for treating var-
ious human ailments. They have been used as a source of natural
medicine in both traditional formulations and modern medicines.
From ancient times, the traditional system uses plants to cure dis-
eases due to their therapeutic properties including antihelminthic,
antimicrobial and anti-inflammatory attributes. India and other
countries are reservoirs of numerous medicinal plants that have
been served and used in the treatment of various kinds of ailments.
This wealth may be explored to harness and identify their active
principles which could be used to develop newer drugs against
these deadly pathogens.

It has been seen that these diseases are prevalent mostly in
tropical and subtropical regions and are dominant among the poor
and children. Due to the adaptation and development of resistance
mechanisms for their survival, these parasites can withstand the
effects of drugs. Although these drugs can control the parasites
to some extent, however, not have tremendous side effects on
humans and also induce resistance in worms against them. There-
fore, there is a need for an extensive study, exploration and identi-
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fication of newer plant-derived bioactive compounds or a com-
bined mixture of them that would help in the treatment of these
diseases. Also, understanding the molecular and genetic mecha-
nisms of parasites is quite important in cases of resistance develop-
ment for disease prevention and targeting chemotherapies. Our
current effort is to recommend both the private and public sectors
for their intervention, investment and more resource mobilization
towards focal research on the use of plant extracts rich in phyto
chemicals for their employment in research trials being conducted
for developing phyto drugs for curing of diseases caused by these
worms.
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