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ABSTRACT

Endoparasites like gastrointestinal nematodes have a deleterious effect on animal health
and production as well as have a role in immunity, energy and protein metabolism. There
has been appreciable effort in finding alternative remedies to these parasites owing to the
problem of resistance and residue in animal body due to anthelmintics. Researchers around
the world have experimented with extracts (different parts of plants) utilizing various in vivo
(FECRT) and in vitro tests (AMA, EHA, LDA, LMIT) showing encouraging results against
gastrointestinal nematodes especially Haemonchus contortus in case of Annona squamosa,
Azadirachta indicda, Cassia surattensis, Chenopodium ambrosioides, Jatropha curcas, Melia
azedarach amongst other plants. The present review enumerates those several plants that
have antinematodal properties, with a view that further research is warranted to develop a cost
effective and environment friendly botanical as the way forward in place of traditionally used

anthelmintics.

Key words: Antinematodal, in vitro test, Plant extract.

INTRODUCTION

Gastrointestinal helminths are common infectious
agents in human and animals causing anorexia,
anemia, diarrhoea and heavy production losses. The
important gastro-intestinal helminth parasites belong
to three different classes, nematode (roundworm),
trematode and cestodes (flatworm). Amongst
these helminthes, gastrointestinal (GI) nematodes
like Haemonchus contortus, Bunostomum  sp.,
Trichostrongylus sp., have crucial effect on the food
security. GI nematodes have a highly detrimental
effect on the small ruminant; some nematodes are
blood suckers and cause anemia while many affect
the physiological, metabolic and immune system
of the body resulting in significant economic losses
in meat, milk and wool production as well as in
reproduction.”’ To safeguard our livestock against
gastrointestinal nematode infection, usually broad
spectrum anthelmintics like ivermectin, albendazole,
levamisole are being used. The remnants of these
drugs in animal and animal product are the rising
cause of resistance along with the toxicities arising out
of their use. The recent approach is the use of herbal
therapies alone or in combination with traditional
anthelmintics.

Researchers have shown herbal anthelmintics
remedies comprises of natural plant compounds
which are environment friendly. Many researchers
have studied plant anthelmintics and their validation
as alternative antihelmintics. The ethnoveterinary
approach has been started in different part of the
world which can be screened by various in vitro and

in vivo methods in host and non-host animals. In
vitro tests like adult mortality test (AMT), egg hatch
inhibition assay/test [EHA/EHT], larval mortality
assay/test (LMA/LMT), larval development assay/
test (LDA/LDT), larval migration inhibition assay
(LMIT), Larval feeding inhibition test (LFIT), Larva
Exseathment Assay (LEA)are being utilized for
evaluation of anti- helmintic activities of plant extracts
and products against gastrointestinal parasites.?! The
most common tests like AMT and LMT examines the
effect of plant extracts on the motility of the adult and
larva of nematode respectively, while EHT focuses on
the inhibitory effect of the extracts on egg hatching.
In vitro assays have an edge over in vivo methods
due to their relative low costing and rapid results
that allows large scale testing of plant materials. In
vivo test includes the faecalegg count reduction test
(FECRT) which are not very ideal due to its higher
cost, low precision and reproducibility owing to inter
animal variation and pharmacodynamics of the drug
in the host.”

In this review, medicinal plants effective against
gastrointestinal nematodes have been described
and tabulated, which can open door for basic
pharmacological studies leading to development
of new anthelmintics against the conventional ones
having the problems of the anthelmintic resistance
and high cost.

Since ancient times and folklore, plants have been
utilized to treat gastrointestinal helminths of
medical and veterinary importance. To validate their
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anthelmintic property, researcher’s use the whole/parts of plant extract
(aqueous/ethanol/methanol/acetone/ethyl acetate) to conduct various
tests as has been described underneath. The screening for phytogenic
chemical compounds like alkaloids, tannins etc helps to account for the
anthelmintic activity.

Acacia nilotica

Acacia nilotica (Mimosaceae), plant native to India and Africa, used in
traditional medicine for the treatment of intestinal parasites and have
molluscicidal effects and the antibacterial properties. In rural areas,
the barks and pods are used to treat diarrhea, the verminoses and the
gastritis.! The anthelmintic effect of trunk barks of A. nilotica indicated
by the LC, (Lethal Concentration 50) of adult Haemonchus worms was
1.28 mg/ml while LC, of Levamisole was found to be 3.25 mg/ml. The
inhibition of egg hatching was 93.84%. The aqueous extract of the seeds
of Acacia nilotica also showed 50% reduction in egg hatching."”’ There
was 50% reduction at 0.5mg / ml concentration for the on eggs of H.
contortus. The phytochemical screening indicated tannins, triterpenes,
saponosides which are believed to have anthelmintic property.

Annona sp.

Annona squamosa belonging to family Annonacea has its origin from
West Indies and is cultivated throughout Asia. The seed extracts from
the plant contains acetogenin which has been indicated to have an
antiparasitic effect.” A study on methanolic extract of Annona squamosa
showed inhibition of 100% hatching at concentration of 25 mg/ml with
an ED_ value of 3.53 as per Egg Hatch test.®) In another study, there
was inhibition of 90% egg hatching due to the acetogenin compound
isolated from seeds of A. squamosa in H. contortus.® Annona muricata
leaf extract showed 84.91% and 89.08% efficacy in EHA and LMT
respectively against Haemonchus contortus. The AMT test depicted
complete immobilizion of worms within six hours of exposure to the
nematode.'”) The phytochemical analysis indicated existence of phenols
that might be responsible for the anthelmintic effects.

Aloe sp.

Aloe (family Asphodelaceae) is a genus containing flowering succulent
plants with a history of folk medication. Aqueous extracts of Aloe forex
showed an 80 % larval development inhibition at 5mg/mL" Aqueous
extract of Aloe vera demonstrated significant egg hatch inhibition at all
the concentrations tested and the ED_ value of egg hatch inhibition was
0.57 mg/ml. In vivo FECRT depicted reduction in egg per gram count in
a dose dependent manner with the highest reduction of 56.36 % at 500
mg/kg.'? There is report of utilization of boiled leaves of Aloe sp. along
with other plants to cure various ailments of livestock.!

Artemisia sp.

The herbaceous plant belongs to Asteraceae and is attributed to have
medicinal value against various diseases. Artemisia herba-alba flower
and aerial part extracts produced a comparable anthelmintic activity
with albendazole. A significant egg hatching inhibition effect in a
concentration-dependent manner was revealed where methanolic
extract (1 mg/ml) of flower and aerial part exhibited 98.67% and
88.3% inhibition, respectively. The crude extracts of the aerial parts
of Artemisia. absinthium showed significant anthelmintic effects during
adult immersion test and in vivo test demonstrated faecal egg count
reduction (FECR) of 90.46% in sheep (administered with 2.0 g/ kg body
weight) 15 days post treatment. The effect of Artemisia brevifolia
(whole plant) on live Haemonchus contortus was revealed by AMT
where there was mortality at 6 hr post exposure. The whole plant was
administered as crude powder at the rate of 3 g/ kg body weight to sheep
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and there was a reduction (67.2%) in eggs per gram (EPG) of faeces 14
days post treatment.!"”!

Azadirachta indicda

Azadirachta indica (Meliaceae) as popularly known as neem has been
used extensively in treatment of human ailments as well as a remedy
against ecto and endoparasites. The in vitro activity of methanolic
extract of neem against H. contortus larva indicated a 40% mortality at
a concentration of 4 mg/ml.¢! Silver nanoparticles against Haemonchus
contortus performed with neem leaf extract mediated revealed that a
concentration of 6 mg/ml induced 100% egg hatch inhibition. For EHA
the IC, and IC,, values were 0.005mg/ml and 0.066 mg/ml for AgNPs
while values were higher [0.665 mg/ml and 3.569 mg/ml] for neem
extract. In case of AMT, worms were paralysed within 1-5 min. The
neem mediated nanoparticles showed considerable ovicidal activity."”
The anthelmintic efficacy of the aqueous extracts of Azadirachta indica
leaf and stem and root barks was carried out and aqueous extract of
leaves and bark inhibited nematode egg hatch."¥! In vivo FECRT test was
conducted for crude methanolic extract against Strongyle nematode and
the result showed significant decrease [p < 0.05] in Egg per Gram after
day 7 post treatment.”!

Cassia sp.

The Cassia plant is documented to possess medicinal properties in
ethnobotanical surveys in traditional system of medicine.”?”! Anti
nematodal activity was evaluated by using LMI assay on four plant
species of Cassia; Cassia siamea, Cassia surattensis, Cassia fistula and
Cassia spectabilis. C. surattensis (200 mg/ml) showed the highest (p <
0.05) inhibition of the larvae.?! On screening for photochemicals,
Cassiasp revealed presence of alkaloids, phenol hydroquinone, flavonoid,
steroid, triterpenoid, tannin, and saponin. Studies have demonstrated
the role of tanins to block through uncoupling the oxidative
phosphorylation leading to the death of parasites. Alsothe binding
of tannins to free proteins in the gastrointestinal tract of the animal,
or glycoprotein on the cuticle of the helminths body surface lead to
paralysis, and death.”” There is also damage to cuticle and digestive
tissue of larvae due to tannins.

Chenopodium ambrosioides

Chenopodium ambrosioides (Chenopodiaceae) locally is a strongly
aromatic herb, about 1.2 m high and is a common weed of cultivated
areas, originated from America, but now it has spread in tropical and
subtropical countries. C. ambrosioides oil has been traditionally used for
treatment of parasitic infection in human beings and animal.** As per
a study the hydroalcoholic extract of leaves of C. ambrosioides showed
100% inhibition of egg hatching at 0.5 mg/ml and 1 mg/ml concentration
while ED _ value were 0.09 and 0.15 respectively.?* The adult motility
inhibition test showed that 24 hr of exposure of adult H. contortus to
different concentrations of plant extracts, significant and dose-dependent
reduction in motility/mortality was observed for aqueous extracts of C.
ambrosioides. Phytochemical screening showed presence of saponins,
glycoside, polyphenol. Oil of C. ambroisiodes at concentration of 3.3 pl/
ml induced 100% egg hatch inhibition.!

Cissus quadrangularis

C. quadrangularis (Vitaceae) is an edible plant found in Asia and Africa.
It has been a traditional medicine in these continents, utilized as anti
helmintic and also helpful in case of anorexia, chronic ulcer and swellings.
A study using crude extracts of Cissus quadrangularis indicated 100%
efficacy in adult mortality test while the reduction in egg hatching was
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88 % at a concentration of 10mg/ml.?* Alkaloid, tannin, flavonoids and
phenols were indicated during phytochemical analysis.

Flueggea virosa

The plant Flueggea virosa belongs to family Euphorbiaceae having anti-
inflammatory, analgesics, heamostatic and wound healing properties and
naturally found in tropical Africa, Asia and Japan.””! An anthelmintic
investigation on leaf and bark extract of Flueggea virosa showed a dose
dependent activity. As per adult mortality test of nematode, the time
for paralysis ranged from 11-29 min and time for death ranged from
19-37 min for leaf extract. For the bark extracts (100 mg/ml) of E virosa,
the onset of paralysis time was 8-20 min while death was 13-32 min.
Alkaloids, Flavonoids, terpenoids, Cardiac glycosides and reducing
sugar were the phytoconstituents obtained during screening.?®!

Jatropha curcas

Jatropha curcas (Euphorbiaceae) is an ornamental shrub, native to
America and later introduced to old world tropics where it is now widely
cultivated. The various parts of the plant (root, stem, leaves, seed and
fruit) has been profoundly used in folk medicine in parts of Africa and is
believed to have purgative and anthelmintic effect.?” In Ethopia in-vitro
tests was conducted to determine anti nematodal effects on seed extracts
of Jatropa curcas.?® The egg hatch assay revealed 100 % egg hatching
inhibition at 1 mg/ml for the aqueous extract of J. curcas. Polyphenol was
the phytoconstituent recovered from the plant part. In another study,
evaluation of anthelmintic activity of ethanol extracts of Jatropa seeds
utilizing [EHA] and the artificial larval exsheathment inhibition assay
[LEIA] was carried out. The ovicidal effectiveness of extract was 91.9%
and in 18.9% larva were exsheathed in LEIA."*

Melia sp.

Melia (Family, Meliaceae) is a deciduous tree found in Asia, North and
Latin America. The plant has revealed medicinal properties and anti-
parasitic activities against many pathogens.’!! It has been observed
that leaves (aqueous extract) of Melia azedarach at concentration
of more than 0.625 mg/ml caused significant embryonic death and
allowed hatching of eggs at a very low level compared to control wells
indicating potent ovicidal property of extract. 90 % mortality in larva
was observed at concentration of more than 60 mg/ml.5 In vivo studies
with fruit powder of Melia azedarach at the dose rate of 30 mg/kg that
resulted in 99.4 % reduction in faecal egg count in goats infected with
gastrointestinal nematodes, which was higher than caused by morantel
tartrate (90.2 %) treatment.”®®’ The hexane extract of Melia azedarach
fruits were evaluated by EHT and LDT against sheep gastrointestinal
nematodes showed a LC_ of 572.2 1 g/ml and 0.7 1 g/ml respectively.*"
The anti-parasitic action of drupe extracts revealed that it better than the
standard hexylresorcinol against hookworms.®*! In EHT, IC,; values of
acetone extract of Melia dubia leaves was 7.752 mg/ml and plant posseses
anti nematodal activity may be attributed to high content of phenolics,

tannins and alkaloids.?!

Schinusmolle

Schinusmolle is domesticated in South America but is now naturalized in
many countries. It is used traditionally to treat wounds and its insecticidal
properties make it a good candidate for use as a possible substitute to
synthetic chemicals in pest control.””! The methanolic extract of the
plant revealed a 95% adult mortality against Haemonchus contortus at
10 mg/ml during a study.?* There was 96% inhibition of egg hatching at
10mg/ml and was dose-dependent. Alkaloid and tannins were evident in
phytochemical screening.
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Terminalia sp.

Terminalia catappa (Combretaceae) has medicinal properties and mostly
inhabitates Asia, Africa and Australia. They are used in traditional
medicine in India and Philippine to treat dermatitis, helminthiases and
hepatitis.”** Investigation into anti nematodal activity of dichloromethane
and methanol extract of leaves of Terminalia catappa displayed 98.94%
and 95.77% inhibition of egg hatching at 6.25 mg/ml respectively.
At 12.5 mg/ml there was 100% reduction of larva. The preliminary
phytochemical screening showed presence of various phytoconstituents
like alkaloids, tannins cardiac glycosides, triterpenes, saponins and
carbohydrate reducing sugar.**! In vitro studies on methanolic extract of
Terminalia. arjuna bark by EHA and LDA revealed a LC , of 645.65 and
467.74 mg/ml respectively. In vivo test indicated a reduction of 87.3%
in sheep treated with crude methanolic extract on 11" day of post-
treatment. The antinematodal activity of Terminalia arjuna bark might
be attributed to its tannin content.*"!

Numerous studies on use of plant extracts against gastrointestinal
nematodes have been carried out in different parts of the world (Table 1)
mostly based on putative reports of their use in traditional medicine. The
physiological effects of phytochemicals like alkaloids, tannins, cardiac
glycosides, saponins, tripeterens elicit its nematicidal mechanism (Figure
1). While most researchers have utilized in vitro methods to evaluate the
anti nematodal effect of plant extracts, their extrapolation for in vivo
tests could yield better screening results. The phytoconstituents obtained
from different solvent extract can be further analysed through bioassay-
guided fractionation and nuclear magnetic resonance spectral analysis
for purification of specific compounds responsible for anti-nematodal
activity.

LIMITATIONS

Though there are so many accessible medicinal plants that possess
anthelmintic property, there are few issues that need to be taken
into account, such as whether the selected plants are complaisant to
cultivation, their form of administration, their palatability, stability
and biodegradability of active compounds in preserved products, their
chances/probability of harmful effects/reaction/aftermath. Some plants
have high active compound of known direct-acting parasitic ides that
may be effective for short-term “curative” purpose whereas some plants
should be used along with the other feed for preventive purpose.’

The understanding of some of the herbal anthelmintic is poor;
instructions were orally/verbally passed from one to another in which
some beneficial/profitable information maybe disoriented/forgotten.
Unavailability of standardized dosages may lead to over dosage and may

Phytoconstituents like alkaloids,
tannins, cardiac glycosides,
triterpenes, saponins

Gl nematodes *
Potent antinematodal

+ Anthelmintics resistance

* Drug residue

+ Environmental contamination
* Unwanted effects to non-target

activity

é%

Figure 1: Plants or plant extracts that can be used as potential drug
candidates for treatment of nematodes.
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have injurious effects on the animal. Herbal anthelmintic plants may have
many names in local dialects which may lead to confusion in finding the
plants moreover; local names may enfold a range of species of plants.
The step-by-step process of collection, preparation and administration
of the anthelmintic plants may be unfavorable and extensive/laborious.
Moreover, there is inadequate information on how to collect and
prepare.[””]

There are some constraints which include insufficient quantity of
phytochemical after extraction, low bioavailability of the constituents,
lack of standardized quality control systems, improper practices for
instances like misidentification, microbial contamination, incorrect
packaging, inappropriate maintenance/storage [temperature, light
exposure, etc], substitution and adulteration of plants, incorrect
preparation and dosage.” Additionally, large number of the herbal
anthelmintics do not have research-based knowledge which hinder their
utility.

There is variable response when treated with medicinal plants and
extracts and this could be due to the amount of phytochemicals/bioactive
compounds present in the plants that differ according to the portion of
the plant utilized furthermore it also depends on the cultivating manner/
technique.” Also, the usage/exploitation of rare species of medicinal
plants may wipe out the whole species. Moreover, plants having high
content of saponins are not totally safe, they are harmful to fishes.

FUTURE PROSPECTS

Due to problems like resistance to anthelminics, significant side effects,
drug residue in food and on animals, contamination of the environment,
unwanted effects to non-target organs, researchers require the search/
need for alternative drugs which are safer to animals and environment.
The conventional techniques followed/practised by the local traditional
healers should be gathered and recorded which may serve as guidelines
for veterinary science and pharmacological studies."”!

There is requirement of in-depth study of each plant about their
chemicals, in vivo and in vitro experiments and their mechanism of
action. Numerous attempts must be conducted to standardize the
extracted products and to formulate it.®" Further, the farmers should be
motivated to cultivate herbal anthelmintics and devise a guidebook to
provide treatment techniques.

Many phytochemicals present in the plant extracts may not be safe,
biologically active and effective.”® Therefore, the bioactive compound
present in each plant extract should be inspected by Food and Drug
Administration [FDA]. For the effective phytochemical anthelmintic
drug delivery to the target organs, nanotechnology-based ‘smart’ drug
delivery systems and nanocarriers can be employed. Nanocarriers
have the ability to infiltrate blood-brain barrier and tight epithelial
junctions of the skin. Additionally, parameters such as bioavailability,
control, facile and efficient release time and precise drug targeting, etc.
are also necessary to be investigated. On the other hand, some of the
imperative measures for execution and establishment of herbal drugs
are toxicological evaluation, regulatory guidelines, quality control and
dose standardization. With the latest development of biotechnological
and biomedical world at the molecular level, mechanism of action and
interaction between large molecules can be interpreted. Also, usage
of Nano-level technology can identify small molecules present in the
plants or plant extracts that can be used as potential drug candidates for
treatment.

The ovicidal and larvicidal property of herbal anthelmintic should be
investigated by both in vitro and in vivo tests. In vivo testing of herbal
drugs provides good evidence of their anthelmintic property, and if
possible, the animals should be slaughtered and must be examined for

Pharmacognosy Reviews, Vol 15, Issue 30, Jul-Dec, 2021

worms present in the GI tract. The in vivo trials must be standardized as
per the host as well as the target parasite characterization.

CONCLUSION

The present review has enumerated indigenous medicinal plants in
animals and human having antihelminthtic efficacy. Owing to poor
economic status of livestock farmers, high cost of antihelminthtics, the
highly prevalent helminths in livestock can be combated only by help of
ethnoveterinary medicines. The combination with Nanotechnology can
also enhance the drug delivery and treatment scenario.
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