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Abstract

There is a constant search for new pharmacological alternatives, mainly of plant origin, for the treatment and
control of parasites that compromise the health of humans and animals of economic importance. In this context,
Sanguinarine (SA) stands out, an alkaloid with multiple pharmacological and biological properties, including
antiparasitic properties. We sought to compile articles that explored plant extracts containing SA and/or SA
isolated against helminths and/or protozoa with importance in human and veterinary medicine. This is a
systematic review of the literature whose original articles were searched in electronic databases using the cross
between health science descriptors and free terms between February and August 2023. Fifteen articles were found
that report antiparasitic activity, 7z vitro and in vivo, against different species, such as Trichinella Spiralis, Dactylogyrus
intermedins, Toxocara canis, trophozoites of Entamoeba bistolytica, Giardia lamblia and Trichomonas vaginalis, 1 eishmania sp
and Schistosoma mansoni. Furthermore, SA showed activity in lesions caused by parasites. The studies highlight the
promising antiparasitic activity of SA against different species and genera of parasites with importance in human
and veterinary medicine and we highlight the importance of continuing these studies that may include SA in the
limited range of antiparasitic drugs.

Keywords: Human parasitology; Parasitology veterinary; Antiparasitic; Helminths; Protozoa.

1. Introduction

There is a constant search for new drugs for the treatment and control of parasitic infections that
compromise human health and other animals with importance in veterinary medicine and the economy. However,
the research and development of new drugs is a process with a high financial and time investment, which involves
basic and applied research 7z vitro and iz vivo screening and studies on toxicological safety and clinical studies
(Andrade, Kimmerle and Guido, 2018). Furthermore, the sales price is not attractive for the pharmaceutical
industry, especially for antiparasitics.
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Worldwide, parasitic infections are responsible for serious human and veterinary public health problems.
In the human population, they are endemic or epidemic infections prevalent in developing countries in Latin
America, Africa and Asia. Due to population migration and climate change, these infections can affect populations
in developed countries, such as North America and Europe (Pushpakom et al., 2029; Santos et al., 2020). They are
infections that mainly affect populations with low political voice and economic visibilit and with little investment
in research for new drugs, classifying these infections as Neglected et Diseases (Curico al., 2022; Dziduch,
Greniuk and Wujec, 2022).

Parasitic infections of importance in veterinary medicine directly affect animal productivity, highlighting
that in 2022 alone, approximately 500 million large ruminants were infected by some type of helminth, resulting in
losses of more than US$ 3 billion worldwide (Dziduch, Greniuk and Wujec, 2022). In addition, studies have
already reported the resistance of gastrointestinal nematodes and protozoa that live in the gills of fish to important
classes of antiparasitics such as avermectins, milbemycins, benzimidazoles, and imidazothiazoles (Cezar et al.,
2011), causing economic and in animal health problems (Zhang et al., 2013; Wang et al., 2010). In addition to the
emergence of resistant strains of protozoa and helminths to conventional antiparasitics, producers and consumers
are increasingly concerned about the presence of synthetic chemical residues in the meat and milk of animals for
human consumption and the health of pets. This scenario encourages the search for new antiparasitic alternatives
based on products of plant origin (Cezar et al., 2011; Caselani, 2014).

Compounds of plant origin are promising candidates for antiparasitic drugs due to their phytochemical
variety that confers broad pharmacological and biological activity, in addition to low cost, low or absence of
toxicity and cytotoxicity, and acceptable side effects when compared to compounds of synthetic origin (Fu, Guan
and Wang, et al., 2018; Adinortey, Galyuon and Asamoah, 2018; Huang et al., 2020). Among the compounds from
plant metabolism, alkaloids stand out, a general class of essential organic compounds belonging to the group of
cyclic amines due to the presence of a heterocyclic ring in their molecular structure (Kishimoto et al., 2016;
Bhambhani, Kondhare and Giri, 2021). In addition, they are known for their numerous pharmacological and
biological properties and are extracted from seeds, roots, stems, flowers, leaves, and fruits, especially from the
families ranunculaceae, papaveraceae, fangke, solanaceae, apocynaceae, rutaceae, leguminosae, and polygonaceae,
as well as can also be extracted from fungi and bacteria (Heinrich, Mah, Amirkia et al., 2021; Singh and Sharma,
2018). The alkaloid Sanguinarine (SA), [13-methyl-(1,3)benzodioxol(5,6-c)-1,3-dioxolane(4,5-I)phenanthridinium)],
is a quaternary benzophenanthridine (QBAs) isolated from Sanguinaria canadensis, Poppy fumaria, Bocconia
frutescens, Chelidonium majus and Macleya chordata with a wide variety of biological and pharmacological effects
(Fu, Guan, Wang, 2018; Wu, 2020). The present study sought, through a systematic review of the literature, to
compile original articles that explore the antiparasitic activity in the control and treatment of infections caused by
helminths and/or protozoa with importance in human and veterinary medicine of plant extracts containing the SA
among their metabolites or SA is isolated.

2. Methodology

The methodological procedures of this systematic literature review article are descriptive and qualitative in
nature. A systematic review is a study method that aims to collect information selectively, with rigorous analysis
and a critical and succinct look, in the search for demonstrating evidence on a specific question. Furthermore, it is
characterized by a comprehensive, transparent and replicable methodology, in addition to being considered a
more rational and less biased scientific investigation as a means of evidencing scientific data (Donato; Donato,
2019). The methodological path was through the PRISMA protocol (Preferred Reporting Items for Systematic
Reviews and Metaanalyses), which consists of a checklist of items and the creation of a four-step flow diagram,
whose purpose is to guide researchers in reporting their systematic reviews and meta-analyses (Galvao; Pansani;
Harrad, 2015). Systematic literature review was catried out from February and August 2023. Original articles were
searched from the following electronic databases: MEDLINE (International Literature in Health Sciences),
SciELO (Electronic Library Online), LILACS (Latin American and Caribbean Literature on Health Sciences), and
PubMed (National Library of Medicine). The research was carried out using the crossing between Health Sciences
Descriptors (DeCS) and Free Terms (TL) in English, Spanish and Portuguese, to know: sanguinarine (TL), plant
extract (DeCS), human parasitology (TL), parasitology veterinary (TL), antiparasitic(s) (DeCS), helminths (DeCS)
and protozoa (DeCS), applying the Boolean operators AND/OR.

As inclusion criteria, we selected original articles that studied 7z vitro and in vivo antiparasitic activity of
plant extracts with SA among its metabolites and isolated SA. Theses, dissertations and incomplete articles were
excluded. There was no limitation for the year of publication. The first step was to the literature of the title and
abstract of the articles to select those that met the objectives of the study and to exclude duplicate articles. For the
composition of the final sample, all articles were selected independently by three researchers, all with experience in
systematic review, natural products and human and veterinary parasitology.
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Possible disagreements between researchers were discussed among the research group to determine the
inclusion or exclusion of the article in question. The synthesis of the final data was carried out in a descriptive way
and recorded in a summary table and the main results of the selected original articles were analyzed and discussed
to construct the presentation of this review. Furthermore, to facilitate reader understanding and subsequent
discussion with other articles, the results are presented in groups of parasites according to similar taxonomic.

3. Results and discussion
3.1 Literature search and records general data

A total of 18 articles were recovered from databases, of these 2 were excluded due to being duplicates and
1 after accurate abstract reading. After full-text reading, 15 studies remained for final data extraction and
systematic analysis (13 articles from Pubmed, 2 articles from MEDLINE and no articles were found in LILACS
and SciELO) (Fig. 1). The data of the final included studies are given in Table 1. Through the search it was
possible to compile articles that were published from 2001 to 2020, against different species of the protozoa and
helminth, such as Trypanosoma brucei, 1. congolense, Dactylogyrus intermedins, Toxocara canis, Plasmodium sp.,
Ichthyophthirius multifiliis, Haemonchus contortus, Fasciola hepdtica, Teladorsagia circumecinta, Entamoeba histolytica, Giardia
lamblia, Trichomonas vaginalis, Leishmania sp., Schistosoma mansoni and Trichinella Spiralis. For better understanding, the
presentation of results and their discussion will be displayed in topics grouped according to taxonomy of protozoa
and helminths.

Botanical species synthesize a variety of important secondary metabolites, including SA, used as a source
of protection against pests and parasites. Different solvents are used to obtain crude extracts and are also used for
the fractionation and isolation of secondary metabolites according to their polarities (Hoste et al., 2006; Santos et
al., 2020; Bhambhani, Kondhare and Giti, 2021; Chuo et al., 2022). In the crude extract, different phytochemical
components are present, since proteins, fatty acids, polysaccharides, saponins, alkaloids, tannins, flavonoids, and
terpenes. It is known that extracts and isolated molecules can present different biological activities. Thus, in
addition to the phytochemical characterization, it is necessary to understand whether the biological activity is
derived from the association between the different components or whether it is due to isolated fractions or
molecules (Alvarez-Mercado et al., 2015). In this context, given the side effects of conventional antiparasitics and
the resistance and/or tolerance of parasite strains, in recent years many studies have explored plant extracts,
mainly those used in traditional medicine (Carvalho et al., 2012; Paula et al., 2019; Sachdeva et al., 2020).

Figure 1: Flowchart of the study selection process
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Table 1: Summary table of articles reporting the activity of plant extracts containing Sanguinarine (SA) among its metabolites and/or isolated SA against patasites with importance in

human and veterinary medicine.

ada; | Entamoeba histolytica and Giardia
Yép | lamblia to

ez- _ ,
Muli | plants used in Mexican

ab: traditional medicine for the
’ treatment of gastrointestinal

Agu 3
disorders

ilar,
200

plants used in traditional Mexican

medicine for antiprotozoal activity
against trophozoites of Entamoeba

histolytica and Giardia lamblia.

Aut | Title Purpose Test Main results
hor
S’
year
|
Metrsd In vitro effect of alkaloids on Evaluate the effect of alkaloids on muvitro | @ SA showed trypanocidal activity against Trypanosoma brucei with an EDsq (50%
hjoha| bloodstream forms of the protozoan Trypanosoma brucei and effective dose) of 1.9 uM, activity similar to that of anti-trypanosome drugs,
nn | Trpanosoma brucei and +. T. congolense but showed no action against 1. congolense.
et al congolense ® SA showed cytotoxicity against human HLGO cells (EDso values of 1.4 uM).
2001.
|
Sato | Inhibitory Effect of Screen isoquinoline alkaloids for invitro | ® SA showed patticularly strong nematicidal activity RM:5863 mmol/1 (Relative
uet [ Isoquinoline Alkaloids on nematicidal activity against Toxocara Mobility).
al, Movement of Second-Stage canis larvae. ® SA showed high cytotoxicity in human HL60 cells (EDso values of 0.560
200 , mmol/1).
2 Larvae of Toxocara canis
|
Calz | In vitro susceptibility of Evaluate the methanol extract of 26 | in vitro | ®  Bocconia frutescens extract showed moderate activity against both

microorganisms: Entamoeba bhistolytica (EDso of 96.4 -g/ml) and Giardia lamblia
(EDso of 79.32 pg/ml).




de Souza Silva et al.

123

Calz | Effect of Mexican medicinal To evaluate the crude methanolic invitro | ®  Bocconia frutescens extract showed moderate antitrichomonal activity with an
ada; | plant used to treat extract of 22 Mexican medicinal EDs of 30.9 pg/ml.
Yép | trichomoniasis on Trichomonas | plants with antitrichomonal activity
ez- | vaginalis trophozoites against trophozoites of Trichomonas
Muli vaginalis
ab;
Tapi
2
Con
trera
S)
200
7.
T
Ros [ Alkaloids Induce Programmed | Analyzed the potential of 55 n vitro SA showed trypanocidal activities against T. bruces with EDso of 1.9 uM.
enkr | Cell Death in Bloodstream alkaloids for inducing programmed SA induces programmed cell death (EDso: 4.8 uM) in T. brucei and
an; | Forms of Trypanosomes cell death in Trypanosoma brucei by disturbance of membrane fluidity and DNA intercalation.
Win | (Trypanosoma b. brucei) measuring DNA fragmentation and SA showed cytotoxicity (EDso: 1.4 pM) on human leukemia cells (Jurkat
k, changes in mitochondrial APO-§, HLGO0).
200 membrane potential.
8.
T
Yao | Effect of sanguinarine from the | Perform bioactivity-guided isolation | i vitro SA, in vitro, generated severe lesions in the structure of trophozoites of
et al, | leaves of Macleaya cordata against | applied to the ethanolic extract of Lmultifiliis after 4h of treatment. With EDso of 0.437 mgl! and ED? of 0.853
201 | Lebthyophthirins multifiliis in grass | Macleaya cordata leaves to provide mgl.
0. carp (Crenopharyngodon idella) active compounds with antiparasitic | ;, .. SA, in vivo, leading to a significant dose-dependent decrease of Lwultifiliis in
efficacy against Ichthyophthirius the gills.
mmultifiliis.
I
Wan | Iz vivo anthelmintic activity of Perform fractionation guided by in vivo Pure presents anthelmintic efficacy of 100% at a concentration of 0.7 mgl-1
get | five alkaloids from Macleaya monitored bioassay to investigate and EDso of 0.37 mgl.
al, microcarpa (Maxim) Fedde the anthelmintic activity of Macleaya SA in the ethanol extract showed EDsg of 121.70 mgl!
201 | against Dactylogyrus intermedins in | microcarpa against Dactylogyrus
0. Carassins anratus intermedius.
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Chi | In vitro antimalarial activity of Evaluate fresh and dry extracts of in vitro EDs of the dry extract of flowers, unripe fruit, mature fruit and young leaves
nchi | extracts of some plants from a | roots, bark, leaves, flowers, and of B. frutescens were 16.9, 5.5, 8.8 and 17.2 pg/ml., respectively.
la- | biological reserve in Costa Rica | fruits of 25 plants from a biological EDs of fresh extract of bark, flowers, unripe fruit, mature fruit, young leaves,
Car reserve in Costa Rica to investigate mature leaves, and root of B. frutescens were 5.9, 2.8, 2.4, 4.6, 15.2, 2.2, and 2.6
mon the presence of substances with ng/ml, respectively.
a et antimalarial activity.
al,
201
2.
Zha | Effects of praziquantel and The changes of expression of In vivo SA up-regulated to varying degrees of CXCL-8, IL-13-1, IL-13-2, TNFa-1
ng | sanguinarine on expression of | selected immune genes (CCL-1, and TNFa-2 in gill, kidney and spleen.
et immune genes and CXCL-8, IL-18-1, IL-1B-2, TNFa- SA decreased the CCL-1 expression in gill while increased it in kidney and
al., susceptibility to Aeromonas 1, TNFa-2 and TGF-p) in gill, spleen.
201 | hydrophila in goldfish (Carassins | kidney and spleen following bath SA decreases susceptibility to 4. bydrophila.
3. anratus) infected with administration of these antiparasitic
Dactylogyrus intermedins
Zha | Identification of plumbagin and | To describe schistosomicidal in vitro All worms were killed by SA in 6h at a concentration of 50 uM.
ng; sanguinarine as effective activities in plumbagin and SA significantly damaged the integument of the worm. It resulted in severe
Cou | chemotherapeutic agents for sanguinarine and integumentary erosion and disintegration of the integumentary surface between the
tas, | treatment of schistosomiasis changes observed in worms after tubercles.
201 treatment.
3.
Ach | In vitro screening of forty To use the Haemonchus contortus egg in vitro. Sanguinaria canadensis root extract diluted in DMSO inhibited 98.5% of EHA.
arya; | medicinal plant extracts from hatching assay (EHA) and larval Sanguinaria canadensis root extract diluted in MOPS buffer inhibited 96.5% of
Hild | the United States Northern migration assay (LMA) to evaluate EHA.
reth; | Great Plains for anthelmintic the nematicidal activity of methanol
Ree | activity against Haemonchus extracts from 40 plants from the
se, contortus Great Plains of the northern United
201 States.
4,
Chi | Actividad contra Leishmania sp. | Research and characterize active in vitro Fresh extract of the batk, flowers, immature fruit, mature fruit, young leaves,
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nchi | (Kinetoplastida: chemical components in Costa and root B. frutescens presented EDso of 9.7, 56.9, 7.5, 6.3, 30.3 and 6.5
lla- [ Trypanosomatidae) de plantas | Rican plants with potential activity ng/mlL, respectively.
Car | en una Reserva Bioldgica de against Leishmania sp. ® Dry extract of the bark, flowers, immature fruit, mature fruit, mature leaves,
mon | Costa Rica young leaves, and root B. frutescens presented EDsg of 2.8, 38.1, 12.5, 6.4, 66.7,
alet 10.8, and 3.5 pg/ml, respectively.
a 3
201
4.
Alva | In vitro antihelmintic effect of To evaluate the anthelmintic effect | 7z vitro ® B, frutescens extract was 100% effective at a dose of 125 mg/L.
rez - | fifteen tropical plant extracts of the extract of fifteen plants from
Mer | on excysted flukes of Fasciola Veracruz - Mexico against Fasciola
cad . hepatica.
oet | bepatica
al,
201
5.
Este | In vitro anthelmintic activity and | Evaluate anthelmintic activity in vitro ® Model GIN was the parasite Teladorsagia circumcinta.
ban- | safety of different plant species | through egg hatching assay (EHA), ® Aqueous and methanolic extract of Chelidonium majus induced a 100%
Ball | against the ovine as well as the safety of aqueous and reduction in egg hatching at a concentration of 50 mg/ml.
este | gastrointestinal nematode methanolic extracts obtained from 9
ros | Teladorsagia circumcincta plants using gastrointestinal
etal, nematodes (GINs).
201
9
Hua | Sanguinarine has anthelmintic | To analyze the lethal effect of in vivo ® Antiparasitic effect of SA in vitro:
ng | activity against the enteral and | sanguinarine against adult worms, O  Lethal effect on muscle larvae was dose-dependent, with a high mortality
et al, | parenteral phases of Trichinella | newborn larvae, and muscle larvae rate in 24h at concentrations of 16 to 30 mg/L of SA.
202 | infection in experimentally (¢n vitro) and pre-adult stages, O Lethal effect on newborn larvae was dose-dependent, with a 100%
0. infected mice migratory larvae, and encysted mortality rate at a concentration of 3 mg/L in 24.
larvae (in vivo) of Trichinella spiralis. in vitro O  Strong lethal effect on adult worms at a concentration of 15 mg/ L.

In addition, they investigated the
number of goblet cells and serum

® Antiparasitic effect of SA i vivo:
O The pre-adult worm rate was reduced by 37.2% and 36.9% at doses of 70
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levels of reactive oxygen species and 80 mg/kg, respectively.
ROS). 0 The rate of migratory larvae was reduced by 26.4% and 47.5% at doses of
80 and 100 mg/kg.
O  The rate of encysted larvae was reduced by 31.7% and 42.3% at doses of
150 and 200 mg/kg, respectively.
® SA severely damaged the cuticle of the adult worm. The adult male showed a
collapse in the leaflet and reproductive pores.
® SA significantly reduces inflammatory cells and pathological changes at the
intestinal level.
® ROS levels were significantly higher in mice that received SA.

Source: Own Authorshi
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3.2 Protozoa
3.21 Filo Sarcomastigoporae

Entamoeba histolytica, Giardia lamblia and Trichomonas vaginalis

Bocconia frutescens stands out for presenting different biological and pharmacological activities attributed
to its secondary metabolites, including SA. Among protozoa, the methanolic extract of leaves of B. frutescens
showed moderate activity iz vitro against E. histolytica and G. lamblia with EDsq of 96.4 pg/ml and 79.32 pg/ml,
respectively (Calzada et al., 2006). The methanolic extract of B. frutescens leaves also demonstrated action against T.
vaginalis, with EDsg of 30.9 pg/ml (Calzada et al., 2007). In both studies, the authors report that the action against
these protozoa is attributed to the SA alkaloid through its toxicity and genotoxicity, as reported by Ansari et al.
(2000). Furthermore, other alkaloids, isolated from plant species, showed activity on the viability and infectivity of
E. histolytica, Giardia lamblia and T. vaginalis trophozoites (Mehriardestani et al., 2017; Diaz-Godinez et al., 2020; Al-
Jaber et al., 2021; Villegas-Gomez et al., 2021; Carrero et al., 2023).

3.2.2 Family Trypanosomatidae

Genus Trypanosoma and 1 eishmania

Currently, there is a limited arsenal of drugs used in the control and treatment of trypanosomiasis and
leishmaniasis, which have high production costs, are difficult to acquire and distribute to health centers in
endemic locations and have high toxicity and serious side effects, factors that contribute to low adherence to
complete treatment of those infected and the imminent maintenance and spread of these parasitic infections.
Furthermore, studies have already reported the emergence of strains that are resistant and/or tolerant to
recommended drugs. In this context, the World Health Organization (WHO) encourages and recommends
research into new alternatives for the control and treatment of these parasites.

Merschjohann et al. (2001) and Rosenkranz and Wink (2008) explored the effect of alkaloids, including
SA, on Trypanosoma sp. SA exhibited trypanocidal activities on 1. brucei with EDsq values (dose that produces an
effect in 50%) of 1.9 uM, activity similar to that of conventional antitrypanosomal applied in clinical medicine, but
showed no action against 1. congolense (Rosenkranz and Wink; 2008). In the studies by Rosenkranz and Wink
(2008), 55 alkaloids were evaluated against T. brucei through the potential of inducing programmed cell death
(PCD), deoxyribonucleic acid (DNA) fragmentation, and changes in mitochondrial membrane potential. In this
study, SA caused disruption of membrane fluidity and DNA intercalation, in addition to inducing PCD (EDs 4.8
uM) and was cytotoxic (EDso 1.9 uM) against T. brucei. In both studies, the authors highlighted that SA inhibited
the growth and development of blood forms of T. brucei and point out that alkaloids, especially SA, are important
chemical prototypes for researching new antitrypanosomal. Recent studies highlight alkaloids as candidates for
new drugs against T. cruzi, etiological agent of American trypanosomiasis known as Chagas disease. In this
screening, the alkaloids demonstrated promising results with an effective trypanocidal effect at low concentrations,
in addition to low toxicity and cytotoxicity and being as effective as the conventional drug (Musikant et al., 2019;
Martinez-Peinado et al., 2020; Martinez-Peinado et al., 2022).

Chinchilla-Carmona et al., (2014) evaluated the activity against Leishmania sp. from the hydroalcoholic
extract of different parts of B. frutescens, where the fresh extract of flowers and young leaves showed greater
activity with EDso of 56.9 and 30.3 pg/mlL, respectively. While the dry extract of flowers and mature leaves
showed higher activity with EDso of 38.1 and 66.7, pg/mL, respectively. In contrast, Jansen (2011) explored the
crude extract of B. fiutescens seeds against L. farentolae reaching an EDsy of 2.61 pg/mlL. The fractionation
identified four benzophenanthridine compounds with leishmanicidal activity with EDsp values between 10 - 20
pg/mL. Recently, seropositivity for L. Zarentolae, species isolated from reptiles, was teported in endemic areas for
leishmaniasis through molecular diagnosis in humans and dogs, highlighting interest in interactions between these
animals and reptile hosts in maintaining of leishmaniasis (Mendoza-Roldan et al., 2022).

The genus Leishmania presents widespread species of protozoa that infect a variety of hosts through
sandfly bites, causing an infection called leishmaniasis. This parasite is endemic to the Mediterranean basin, South
America and Central and Southwest Asia, being the most widespread Leishmania species. In humans,
leishmaniasis can affect the mouth mucosa, local or disseminated cutaneous and visceral. In dogs, especially
domestic, they can be infected by several species of Leishmania, which also primarily cause visceral leishmaniasis,
but can also cause cutaneous or mucosal forms. Canine leishmaniasis is a multisystemic disease that affects dogs,
the main reservoir of L. infantum. Given the high prevalence and incidence of leishmaniasis in humans and dogs,
several research groups are looking for pharmaceutical alternatives for the control, treatment and prevention of
leishmaniasis and studies highlight the leishmanicidal properties of alkaloids (Paula et al., 2019; Lorenzo et al.,
2020; Socorro et al., 2022; Naik et al., 2022).
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3.2.3 Genus Plasmodium

Although some studies report plant extracts containing alkaloids or isolated alkaloids as antimalarials
against different evolutionary phases of Plasmodium sp (Szabo et al., 2021; Amelia et al., 2021; Oluyori et al., 2022),
in our research we found only one study that explored different types of B. fiutescens extracts that presented SA as
a constituent. Chinchila-Carmona et al, (2012) was the only one that had SA as a constituent in its chemical
composition. In this study, hydroalcoholic extract of different parts of B. fiutescens showed activity against the
protozoan P. bergheiso, while the dry extract of flowers and young leaves showed greater activity with EDsp of 16.9
and 17.2 pg/mlL, respectively. The fresh extract of young leaves showed the highest activity with an EDsg of 15.2
ug/mL.

324  Otder Hymenostomatida
Ichthyophthirius multifiliis

The ciliate I multifiliis is one of the most pathogenic protozoa in fish kept in captivity. In aquaculture,
SA from the leaves of Macleaya cordata showed in vitro e in vivo promising antiparasitic against load of L multifiliis on
the gills of Crenopharyngodon idella (grass carp) (Yao et al., 2010). SA isolated from M. chordata leaves caused 90%
mortality in I multifiliis trophozoites at a concentration of 9.0 mg 1!, in addition to causing effect on the
trophozoite stages. It led to severe alterations in the parasite’s structure after 4 h treatment. All of the parasites in
treatment group were severely damaged; the outer cell membrane of I multifiliis was destroyed, macronucleus was
invisible, the cilia could not be recognized, and the cytoplasm of the trophozoites was characterized by vacuoles.
In vivo, the treatment with SA lead to a significant dose-dependent decrease in the number of Luultifiliis on the gills
compared to the controls. When the concentrations of SA were 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9 mgl—1, the
numbers of parasites on the gills were reduced by 16.1%, 17.3%, 32.9%, 53.9%, 75.3%, 82.3%, 89.4% and 96.8%,
respectively (Yao et al., 2010). A substantial reduction of the parasite burden, as shown in this study, led to the
recovery of the fish and paved the way for the development of protective host immunity and could be seen as a
alternative for aquaculture and the environment than the use of some chemicals.

L. multifiliis is a holotrichous protozoan that invades the gills and skin surfaces of freshwater fish causing
the disease ichthyophthiriosis, commonly referred to as ich or white spot. It is one of the most common and
serious parasitic diseases of freshwater fish in aquaculture, and can cause morbidity and high mortality in most
species of freshwater fish worldwide and can result in heavy economic losses for aquaculture, by reducing the
breathing capacity and promoting secondary bacterial or viral infections (Abu-Elala et al., 2021). Obligate parasite
mature embedded in the epithelium where they form visible white spots (trophozoites). The mature trophozoite
leaves the fish and falls to the bottom or attaches to vegetation, where a cyst forms in which 250 to 1,000 infective
units, called trophozoites, are produced Abu-Elala et al., 2021. However, all compounds do not have widespread
use because of its lower efficacy and problems associated with human handling. SA promote animal growth by
increasing feed intake and decreasing aminoacid degradation from decarboxylation. As reported by Rawling et al.
(2009) low levels (25-100 mgkg—1) of Sangrovit® (The main component is sanguinarine) had a positive effect on
tilapia growth performance with no apparent effects towards carcass composition, hepatic function, or health
status. The food supplement Sangrovit® (Phytobiotics, Eltville, Germany), produced from the extract of S.
canadensis, C. majus, or M. cordata, has SA as its main constituent. When produced from M. cordata extract (3.5% of
its composition) it contains at least 1.5% of SA, the alkaloid responsible for its pharmacological effects. This
supplement is indicated for body weight gain through its effect on improving palatability caused by increased food
intake, results reported in piglets (Kantas et al., 2015), poultry (Lee et al., 2015), fish (Rawling et al., 2009), and
sheep (Estrada-Angulo et al., 2016). Furthermore, it does not caused hematological and biochemical changes in
calves (Matulka et al., 2022).

3.3 Helminths
3.3.1 Nematodes
Haemonchus contortus, Teladorsagia circumcinta, Trichinella spiralis, Toxocara canis

Acharya, Hildreth; Reese (2014) evaluated 7z vitro the methanolic extract of the root of . canadensis
against H. contortus, which was able to reduce egg hatching by more than 95% at a concentration of 50 mg/ mL but
had no effect on larval migration. A similar result was observed with the aqueous and methanolic extract of C.
majus against T. circumeinta, which resulted in 100% inhibition of egg hatching at a concentration of 50 mg/ml
(Esteban-Ballesteros et al., 2019). H. contortus (batbet's pole worm) and T. circumcincta (brown stomach worm), are
the most economically important pathogenic nematodes infecting small ruminants (sheep and goats) worldwide.
These blood-feeding strongylid nematodes where they infect the fourth stomach (abomasum) reducing animal
production and causing anemia, edema, and associated complications often leading to death (Palevich et al., 2020).
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Trichinellosis, also called trichinosis, is caused by consuming undercooked or raw meat (usually pork).
Trichinella spiralis species is the common cause of human disease, but other mammals like wild carnivores and
horses can be reservoirs of infection. It can cause symptoms varying from generalized fever, abdominal pain,
diarrhea, nausea, vomiting, myalgia to more severe like myocarditis and encephalitis (Rawla and Sharma, 2023).
Huang et al. (2020) reported the action of SA against different evolutionary stages of T. spiralis. In vitro SA on
newborn larvae, muscle larvae, and adult worms caused 100% mortality at concentrations of 3, 30, and 15 mg/L,
respectively. Furthermore, exposure to SA caused profound tegumentary alterations with emphasis on necrosis,
the leaflet cross-patch device collapsed and the reproductive pores and mastoids were covered.

While in mice treated with 70 mg/kg against adult worms, 100 mg/kg against migratory larvae, and 200
mg/kg against encysted larvae, SA caused a reduction of 37.2%, 47.5%, and 42.3% in worm load, respectively.
Furthermore, the mice showed increased levels of Reactive Oxygen Species (ROS) and histopathological
improvement of intestinal tissue through reduced inflammation and increased goblet cells. Indeed, in addition to
SA being absorbed and eliminated rapidly (24h) (Wu et al., 2020). SA is reported to increase small intestinal villi
and crypts (Huang et al., 2020). The authors believe that the action of SA on T. spiralis is attributed to the
production of ROS since the increase in ROS has also been reported in studies with planaria (Balestrini et al.,
2017; Pirotte and Stevens, 2015).

Few anthelmintics are effective against nematodes in diseases caused by the migration of larvae into
human tissues, infections that are generally very difficult to cure. Satou et al. (2002) evaluated zz vitro the effect of
isoquinoline alkaloids, including SA, against second-stage larvae of T. canis. In this study, SA was obtained from
the hydrolysis of 6-methyl dihydro extracted from M. cordata leaves. The results show that SA caused reduction in
relative mobility in 50% of the larvae at of 58 £ 3 umol/l, a similar result to pyrantel pamoate (46 £ 3 umol/I),
drugs of choice with action only against adult worms. These results demonstrate the difficulty in identifying an
effective remedy for larva migrans.

3.3.2 Platyhelminthes
Dactylogyrus intermedins, Fasciola bepdtica, Schistosoma mansoni

During the search for new antiparasitics compounds, Wang et al. (2010) performed iz vivo bioassays with
the Macleaya microcarpa extract to isolate active compounds and subsequent anthelmintic evaluation against D.
intermedius in Carassius anratns (Goldfish). D. intermedius can cause inflaimmation of the gills and increased mucus
secretion and respiration, resulting in serious damage to the host, such as reduced growth performance, loss of
appetite and high mortality and economic losses. Among the compounds, SA reduced 100% of parasites in the
gills at a concentration of 0.7 mgl!, making it the most effective compound in the study. The authors believe that
the antiparasitic action of SA against D. intermedins is associated with its ability to break DNA strands, a
fundamental characteristic in the antitumor action of SA by inducing apoptosis. Zhang et al. (2013) also studied
the action of SA on D. intermedins, however, sought to analyze the expression of genes related to the immune
system associated with the use of antiparasitic drugs in aquaculture, in which SA modulated the expression of
several immune genes of CCL-1, CXCL-8, I1L-1@-1, IL-13-2, TNFy-1, TNFy-2 and TGF-y in the gills, kidneys,
and spleen of C. anratus. SA decreased the CCL-1 expression in gill while increased it in kidney and spleen.
Overall, the results indicate that SA modulates the immune related genes in goldfish and these may, to some
extent, affect their ability to resist bacterial pathogens. Pencikova et al. (2012) report that SA showed action on the
expression of pro-inflaimmatory cytokines CCL-2, IL-6, and IL-1 in the human monocytic leukemia cell line,
cytokines responsible for the recruitment, activation, and migration of monocytes (CCL- 2), induction of protein
synthesis in the acute phase (IL-6), and macrophage recruitment (I1L-1).

F. hepatica is a worldwide distributed parasite that can be found in the liver and bile ducts, where it
produces eggs that are excreted in feces, which can contaminate water or vegetables and infect and affect cattle,
sheep, goats, pigs, horses, rabbits and also humans. Production animals can present with myalgia, nausea, anorexia
and diarrhea. Early complications can be seen with high parasite load and include ascites, hemobilia, subcapsular
hematomas, and severe parenchymal hepatic necrosis. In the chronic course, there may be epigastric and right
upper quadrant pain, nausea, vomiting, diarrhea, hepatomegaly, jaundice and growth retardation. Fasciolosis is
responsible for major losses in the quality of life of production animals and economic losses in livestock farming
due to the decrease in milk and meat production, low reproductive efficiency and cause of mortality and high cost
of controlling this parasitic disease. Furthermore, serious accidental human infections can cause serious health
problems resulting from obstruction of the bile and hepatic ducts, resulting in jaundice, pancreatitis, inflammation
and fibrosis of the bile and hepatic ducts, ascites, and cirrhosis (Ngcamphalala, Malatji, Mukaratirwa, 2022;
Bahmaninejad et al., 2019; Good and Scherbak, 2023). Alvarez-Mercado et al. (2015) explored B. frutescens against
Fasciola hepatica. 1n this study, the extract, obtained by successive extraction in hexane, ethyl acetate, and methanol,
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achieved 100% efficacy at a concentration of 125 mg/L. Furthermore, when subjected to phytochemical analysis,
the extract revealed strong positivity for alkaloid SA.

Zhang and Coultas (2013) reported i vitro action of SA against adult worms of S. mansoni, with a
mortality of 100% in 6 h of incubation at concentrations of 30 and 50 uM, in addition to causing erosion and
disintegration of the integument. The mechanism of action of SA on . mansoni has not yet been fully elucidated.
Still, it is known that SA 7z vivo and in vitro studies has a similar mechanism of action to Praziquantel, a drug
recommended by the WHO for the treatment and control of schistosomiasis. SA acts on Na+/K+-ATPase, a
transmembrane protein with the function of maintaining the resting potentials and regulating the transport of
extracellular sodium and intracellular potassium and calcium, in addition to regulating the synthesis of reactive
oxygen species in mammalian cells (Singh and Sharma, 2018; Balestrini et al., 2017). Ca?" ion is essential for
muscle contraction, since thetre is deregulation of Na+/K+-ATPase mediated by SA, there is an influx of Ca?*
into cells and consequently, muscle contraction in S. mansoni when exposed to AS (Mendonga-Silva et al., 2000;
Aragon et al., 2009).

Schistosomiasis is an important neglected tropical disease associated with severe and irreversible liver
damage and high mortality in hundreds of millions of people around the world. There are four species responsible
for intestinal schistosomiasis, namely: S. mansons; S. japonicum, S. mekongi and S. intercalatum; and S. haematobinm
causes urinary schistosomiasis. They are endemic species in regions of Africa, Asia, the Middle East and South
America, with greater prevalence in poor rural areas and an accelerated increase in cases in urban areas (Jenkins-
Holick and Kaul, 2013; Silva et al., 2021.

4. Conclusion

Finally, studies demonstrate that SA has a wide variety of biological and pharmacological applications,
and it is not surprising that it also has antiparasitic activity against helminths and prtorozoans. Given these
properties, SA is a molecule that has the potential to continue research on the parasite species presented here as
well as other species. In particular, we highlight the need for studies in in vivo experimental models, since most
studies were carried out in vitro. Furthermore, new approaches are needed in therapeutic protocols, use of
pharmaceutical formulations and elucidation of the mechanism of action of SA on biological targets in parasites.
This can certainly contribute to the future development of a new medicine for the treatment, control and
prevention of parasites with importance in human and veterinary medicine.

Acknowledgments and funding

The authors thank the Conselho Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq);
Coordenagio de Aperfeicoamento de Pessoal de Nivel Superior (CAPES — Finance Code N° 001) and the
Fundacio de Amparo a Ciéncia e Tecnologia do Estado de Pernambuco (FACEPE). H.A.D. Aratjo and 1.]. Cruz
Filho would like to thank FACEPE for the Regional Science Development Scholarship (Process DCR-0015-
4.03/23) and Researcher Fixation Scholarships (Process BFP-0038-4.03/21) respectively. In addition, H.D.A.
Aratjo and A.L. Aires would like to thank FACEPE Research Project Aid (APQ-0037-4.03/23 and Process APQ-
Emergent 1181-4.03/22, respectively).

References

Abu-FElala NM, Attia MM, Abd-Elsalam RM, et al. Peracetic acid treatment of Ichthyophthirius multifiliis (Ciliophora:
Ichthyophthiriidae) and T7ichodina spp. reduces the infection by Aeromonas hydrophila and improves
survival in Nile tilapia (Oreochromis niloticus). Vet Parasitol. 2014; 201(1-2):75-81.

https://doi.org/10.1016/j.vetpar.2014.01.008

Adinortey MB, Galyuon IK, Asamoah NO. Trema orientalis linn. blume: a potential for prospecting for drugs for
various uses. Pharm Ver. 2013; 7(13): 67-72. https://doi.org/10.4103/0973-7847.112852

Alvarez-Mercado JM, Ibarra-Velarde F, Alonso-Diaz MA, et al. Iz vitro antihelmintic effect of fifteen tropical plant
extracts on excysted flukes of Fasciola hepatica. Bmc Vet Res. 2015; 11(45):1-6, 27.
https://doi.org/10.1186/s12917-015-0362-4

Al-Jaber HI, Mosleh IM, Mallouh et al. Chemical constituents of Osyris alba and their antiparasitic
activities. Journal of Asian natural products research. 2010; 12(9), 814-820.
https://doi.org/10.1080/10286020.2010.502892

Amelia P, Nugroho AE, Hirasawa Y, et al. (2021). Two new bisindole alkaloids from Tabernaemontana
macrocarpa Jack. Journal of natural medicines. 2021; 75(3), 633—642.
https://doi.org/10.1007/s11418-021-01510-4

Andrade CH, Kimmerle AE, Guido RVC. Perspectivas da Quimica Medicinal Para o Século XXI: Desafios e
Oportunidades. Quim Nova, 2018; 41(4):476-83. https://doi.org/10.21577/0100-4042.20170182


https://doi.org/10.1016/j.vetpar.2014.01.008
https://doi.org/10.1186/s12917-015-0362-4
https://doi.org/10.21577/0100-4042.20170182

de Souza Silva et al. 131

Aragon AD, Imani RA, Blackburn VR, et al. Towards an understanding of the mechanism of action of
praziquantel. Mol Biochem Parasitol. 2009; 164(1):57-65.
https://doi.org/10.1016/j.molbiopara.2008.11.007

Ansari KM, Dhawan A, Khanna SK, Das M. Protective effect of bioantioxidants on argemone oil/sanguinarine
alkaloid induced genotoxicity in mice. Cancer Lett. 2006; 244(1):109-118.
https://doi.org/10.1016/j.canlet.2005.12.014

Balestrini I, Donfrancesco AD, Rossi L, et al. The natural compound sanguinarine perturbs the regenerative
capabilities of planarians. Int | Dev Biol. 2017; 61(1-2):43-52.
https://doi.org/10.1387/ijdb.160169rb

Bhambhani S, Kondhare KR, Giri AP. Diversity in Chemical Structures and Biological Properties of Plant
Alkaloids. Molecules. 2021; 26(11):3374. https://doi.org/10.3390/molecules26113374.

Calzada F, Yépez-Mulia L, Aguilar A. I vitro susceptibility of Entamoeba histolytica and Giardia lamblia to plants used
in Mexican traditional medicine for the treatment of gastrointestinal disorders. | Ethnopharmacol.
2006; 108(3):367-370. https://doi.otg/10.1016/].jep.2006.05.025

Calzada F, Yépez-Mulia L, Tapua-Conteras A. Effect of Mexican medicinal plant used to treat trichomoniasis on
Trichomonas vaginalis trophozoites. ] Ethnopharmacol. 2007; 113(2):248-251.
https://doi.otg/10.1016/j.jep.2007.06.001

Caselani K. Residuos de medicamentos veterindrios em alimentos de origem animal. Arq Cienc Vet Zool
2014;17(3):189-197.

Carrero JC, Curay-Herrera V, Chacén-Nifio L, et al. Potent Anti-amoebic Effects of Ibogaine, Voacangine and
the Root Bark Alkaloid Fraction of Tabernaemontana arborea. Planta medica. 2023; 89(2), 148-157.
https://doi.org/10.1055/a-1809-1157

Carvalho CO, Chagas ACS, Cotinguibe I, et al. The anthelmintic effect of plant extracts on Haemonchus contortus
and Strongyloides venezuelensis. Vet Parasitol. 2012; 183(3-4):260-268.
https://doi.org/10.1016/j.vetpar.2011.07.051

Cezar AS, Ribas HO, Pivoto FL, et al. Combinacio de drogas antiparasitarias como uma alternativa para o
controle de nematddeos gastrintestinais multirresistentes em ovinos. Pesq Vet Bras. 2011; 31(2):151-
7. https://doi.org/10.1590/S0100-736X2011000200010

Chinchilla-Carmona M, Valerio-Campos I, Sainchez-Porras R, et al. I vitro antimalarial activity of extracts of some
plants from a biological reserve in Costa Rica. Rev Biol Trop. 2012; 60(2):881-891.
https://doi.org/10.15517/tbt.v60i2.4024

Chinchilla-Carmona M, Valerio-Campos I, Sinchez-Porras R, et al. Actividad contra Leishmania sp.
(Kinetoplastida: Trypanosomatidae) de plantas en una Reserva Biologica de Costa Rica. Rev Biol
Trop. 2014; 62(3): 1229-1240.

Chuo SC, Nasir HM, Mohd-Setapar SH, et al. A glimpse into the extraction methods of active compounds from
plants." Critical reviews in analytical chemistry. 2022; 52(4):667-696.
https://doi.org/10.1080/10408347.2020.1820851

Curico G, Garcfa-Bardales P, Pinedo T. et al. Resistance to single dose albendazole and reinfection with intestinal
helminths among children ages 2 to 11 years from the Peruvian Amazon region: a study
protocol. BMC Infect Dis, 2022; 22:528. https://doi.org/10.1186/s12879-022-07494-0

Diaz-Godinez C, Ontiveros-Rodriguez JC, et al. Anti-amoebic Activity of Leaf Extracts and Aporphine Alkaloids
Obtained from Annona purpurea. Planta medica. 2020; 86(6), 425-433. https://doi.org/10.1055/a-
1111-9566

Donato H, Donato M. Etapas na Condu¢io de uma Revisdo Sistematica. Acta Médica Portuguesa, 2019; 32:3,
227-235. http://dx.doi.org/10.20344/amp.11923

Dziduch K, Greniuk D, Wujec M. The Current Directions of Searching for Antiparasitic Drugs. Molecules. 2022;
27(5),1534. https://doi.org/10.3390/molecules27051534

Estrada-Angulo A, Aguilar-Hernandez A, Osuna-Pérez M, et al. Influence of Quaternary Benzophenantridine and
Protopine Alkaloids on Growth Performance, Dietary Energy, Carcass Traits, Visceral Mass, and
Rumen Health in Finishing Ewes under Conditions of Severe Temperature-humidity Index. Asian-
Australas. ] Anim Sci. 2016; 29:652—658. https://doi.org/10.5713/ajas.15.0300

Esteban-Ballesteros M, Sanchis ], Gutiérrez-Corbo C, et al. I vitro anthelmintic activity and safety of different
plant species against the ovine gastrointestinal nematode Teladorsagia circumeincta. Res In Vet Sci. 2019;
123:153-158. https://doi.org/10.1016/j.rvsc.2019.01.004

Fu C, Guan G, Wang H. The Anticancer Effect of Sanguinarine: A Review. Curr Pharm Des. 2018; 24(24):2760-
2764. https:/ /dx.doi.org/10.2174/1381612824666180829100601

Galvao TF, Pansani TSA, Harrad D. Principais itens para relatar Revisdes sistematicas e Meta-analises: A
recomenda¢io PRISMA. Epidemiol. Serv. Saude, Brasilia. 2015; 24:2, 335-342.
http://dx.doi.org/10.5123/51679-49742015000200017


https://doi.org/10.1387/ijdb.160169rb
https://doi.org/10.3390/molecules26113374
https://doi.org/10.1016/j.jep.2006.05.025
https://doi.org/10.1016/j.jep.2007.06.001
https://doi.org/10.1055/a-1809-1157
https://doi.org/10.1016/j.vetpar.2011.07.051
https://doi.org/10.1590/S0100-736X2011000200010
https://doi.org/10.15517/rbt.v60i2.4024
https://doi.org/10.1080/10408347.2020.1820851
https://doi.org/10.1186/s12879-022-07494-0
https://doi.org/10.1055/a-1111-9566
https://doi.org/10.1055/a-1111-9566
https://doi.org/10.3390/molecules27051534
https://doi.org/10.1016/j.rvsc.2019.01.004
https://dx.doi.org/10.2174/1381612824666180829100601

132 International Journal of Health Sciences, Vol. 11, No. 2, December 2023

Kantas D, Papatsiros VG, Tassis PD, et al. The effect of a natural feed additive (Macleaya cordata), containing
sanguinarine, on the performance and health status of weaning pigs. Anim Sci. 2015; 86:92-98.
https://doi.org/10.1111/asj.12240

Kishimoto S, Sato M, Tsunematsu Y, Watanabe K. Evaluation of Biosynthetic Pathway and Engineered
Biosynthesis of Alkaloids. Molecules. 2016; 21(8):1078. https://doi.org/10.3390/molecules21081078

Heinrich M, Mah ], Amirkia V. Alkaloids Used as Medicines: structural phytochemistry meets biodiversity.
Molecules. 2021; 26(7);1836. https://doi.org/10.3390/molecules26071836

Hoste H, Jackson F, Athanasiadou S, et al. The effects of tannin-rich plants on parasitic nematodes in ruminants.
Trends Parasitol. 2006; 22(6):253-261. https://doi.org/10.1016/j.pt.2006.04.004

Huang H, Yao J, Liu K, et al. Sanguinarine has anthelmintic activity against the enteral and parenteral phases of
trichinella infection in experimentally infected mice. Acta Trop. 2020; 201:105226.
https://doi.org/10.1016/j.actatropica.2019.105226

Jenkins-Holick DS, Kaul TL. (2013). Schistosomiasis. Urologic nursing, 33(4), 163-170.

Lee KW, Kim JS, Oh ST, et al. Effects of Dietary Sanguinarine on Growth Performance, Relative Organ Weight,
Cecal Microflora, Serum Cholesterol Level and Meat Quality in Broiler Chickens. ] Poult Sci. 2015;
52:15-22. https://doi.org/10.2141/jpsa.0140073

Lorenzo VP, Scotti L, Silva A, et al. Annonaceae Family Alkaloids as Agents Against Leishmaniasis: A Review and
Molecular Docking Evaluation. Current drug metabolismo. 2020; 21(7), 482—492.
https://doi.org/10.2174/1389200221666200702124046

Martinez-Peinado N, Cortes-Serra N, Torras-Claveria L, et al. Amaryllidaceae alkaloids with anti-Trypanosoma cruzi
activity. Parasit. Vectors. 2020;13(1):299. https://doi.org/10.1186/s13071-020-04171-6

Martinez-Peinado N, Ortiz JE, Cortes-Serra N, et al. Anti-Trypanosoma cruzi activity of alkaloids isolated from
Habranthus brachyandrus (Amaryllidaceae) from Argentina. Phytomedicine. 2022; 101:154126.
https://doi.otg/10.1016/j.phymed.2022.154126

Matulka RA, Wickramasinghe |, Dohms J, et al. Assessing Performance and Safety of Feeding a Standardized
Macleaya cordata Extract to Calves. Animals. 2022; 12(20):2875.

Mendoza-Roldan JA, Votypka ], Bandi C, et al. Leishmania tarentolae: A new frontier in the epidemiology and
control of leishmaniasis. Cross-border and emerging diseases. 2022; 69(5);1326-1337.
https://doi.org/10.1111/tbed.14660

Mendonga-Silva DL, Novozhilova E, Cobbett PJR, et al. Role of calcium influx through voltage-operated calcium
channels and of calcium mobilization in the physiology of Schistosoma mansoni muscle contractions.
Parasitology. 2006; 133(01):67-74. https://doi.org/10.1017/S0031182006000023

Merschjohann K, Sporer F, Steverding D, Wink M. In 1itro Effect of Alkaloids on Bloodstream Forms of
Trypanosoma brucei and T congolense. Planta Med. 2001; 67(7);623-627. https://doi.org/10.1055/s-2001-
17351

Mehriardestani M, Aliahmadi A, Toliat T, Rahimi, R. Medicinal plants and their isolated compounds showing anti-
Trichomonas vaginalis- activity. Biomedicine & pharmacotherapy. 2017; 88, 885 — 893.
https://doi.org/10.1016/j.biopha.2017.01.149

Musikant D, Leverrier A, Bernak D, et al. Hybrids of Cinchona Alkaloids and Bile Acids as Antiparasitic Agents
Against Trypanosoma cruzi. Molecules. 2019; 24(17):3168.
https://doi.org/10.1016/j.ejmech.2015.05.044

Naik N, Kaushal RS, Upadhyay TKU, et al. Role of Natural plant extracts for potential Antileishmanial targets-In-
depth review of the molecular mechanism. Cellular and molecular biology. 2022; 68(10), 117-123.
https://doi.org/10.14715/cmb/2022.68.10.19

Ngcamphalala PI, Malatji MP, Mukaratirwa S. Geography and ecology of invasive Pseudosuccinea
columella (Gastropoda: Lymnaeidae) and implications in the transmission of Fasciola species
(Digenea: Fasciolidae) - a review. Journal of helminthology. 2020; 96, el.
https://doi.org/10.1017/50022149X21000717

Oluyori AP, Nwonuma C, Akpo T, et al. I» Iivo Antiplasmodial Potential of the Leaf, Mesocarp, and Epicarp of
the Raphia  hookeri Plant  in  Mice Infected  with Plasmodinum  berghei NK65. Evidence-based
complementary and alternative medicine, 2022, 4129045. https://doi.org/10.1155/2022/4129045

Palevich N, Maclean PH, Choi Y], Mitreva M. Characterization of the Complete Mitochondrial Genomes of Two
Sibling Species of Parasitic Roundworms, Haemonchus contortus and Teladorsagia circumeineta. Frontiers in
genetics. 2020; 11, 573395. https://doi.org/10.3389/fgene.2020.573395

Paula RN, Silva SM, Faria KF, et al. Iz vitro antileishmanial activity of leaf and stem extracts of seven Brazilian
plant species. ] ethnopharmacol. 2019; 232:155-164. https://doi.org/10.1016/].jep.2018.12.026

Pencikova K, Kollar P, Miiller Z, et al. Investigation of sanguinarine and chelerythrine effects on LPS-induced
inflammatory gene expression in THP-1 cell line. Phytomedicine: international journal of
phytotherapy and phytopharmacology, 2012; 19(10), 890-895.
https://doi.org/10.1016/j.phymed.2012.04.001


https://doi.org/10.3390/molecules21081078
https://doi.org/10.3390/molecules26071836
https://doi.org/10.1016/j.actatropica.2019.105226
https://doi.org/10.2141/jpsa.0140073
https://doi.org/10.2174/1389200221666200702124046
https://doi.org/10.1016/j.phymed.2022.154126
https://doi.org/10.1111/tbed.14660
https://doi.org/10.1055/s-2001-17351
https://doi.org/10.1055/s-2001-17351
https://doi.org/10.1016/j.biopha.2017.01.149
https://doi.org/10.1016/j.jep.2018.12.026

de Souza Silva et al. 133

Pirotte N, Stevens AS, Fraguas S, et al. Reactive Oxygen Species in Planarian Regeneration: an upstream necessity
for correct patterning and brain formation. Oxidative Med Cell Longev. 2015; 1-19.
https://doi.org/10.1155/2015/392476

Pushpakom S, Lorio F, Eyers P. et al. Drug repurposing: progress, challenges and recommendations. Nat Rev
Drug Discov, 2029: 18, 41-58. https://doi.org/10.1038/nrd.2018.168.

Rawla P., Sharma S. Trichinella spiralis Infection. In StatPearls. (2023). StatPearls Publishing.
https://www.ncbi.nlm.nih.gov/books/NBK538511/

Rawling MD, Merrifield DL, Davies SJ. Preliminary assessment of dietary supplementation of Sangrovit® on red
tilapia  (Oreochromis  niloticns) growth performance and health. Aquac. 2009; 294:118-122.
https://doi.org/10.1016/j.aquaculture.2009.05.005

Rosenkranz V, Wink M. Alkaloids Induce Programmed Cell Death in Bloodstream Forms of Trypanosomes
(Trypanosoma brucei). Molecules. 2008; 13(10):2462-2473.
https://doi.org/10.3390/molecules13102462

Sachdeva C, Mohanakrishnan D, Kumar S, et al. /# vitro and in vivo antimalarial efficacy and GC-fingerprints of
selected medicinal plant extracts. Exp Parasitol. 2020;219;108011.
https://doi.org/10.1016/j.exppara.2020.108011

Santos BJC, de Melo JA, Maheshwari, S. et al. Bisphosphonate-Based Molecules as Potential New Antiparasitic
Drugs. Molecules. 2020; 25(11), 2602. https://doi.org/10.3390/molecules25112602

Satou T, Akao N, Matsuhashi R, et al. Inhibitory Effect of Isoquinoline Alkaloids on Movement of Second-Stage
Larvae of Toxocara canis. Biol And Pharm Bull. 2002; 25(12):1651-1654.
https://doi.org/10.1248 /bpb.25.1651

Singh N, Sharma B. Toxicological Effects of Berberine and Sanguinarine. Frontiers In Molecular Biosciences.
2018; 5(21):1-7. https:/ /doi.org/10.3389/fmolb.2018.00021

Silva PW, Dos Santos RE, Leal IB, et al. (2021). Basic and associated causes of schistosomiasis-related mortality in
Brazil: A population-based study and a 20-year time series of a disease still neglected. Journal of
global health. 2021; 11, 04061. https://doi.org/10.7189/jogh.11.04061

Socorro SV, Silveira FT, da Silva EO, et al. Activity of alkaloids from Aspidosperma nitidum against Leishmania
(Leishmania) amazonensis. Scientific reports. 2022; 12(1), 8662. https://doi.org/10.1038/s41598-
022-12396-x

Szab6 LU, Kaiser M, Miser P, Antiprotozoal Nor-Triterpene Alkaloids from Buxus sempervirens L. Antibiotics.
2021; 10(6), 696. https://doi.org/10.3390/antibiotics 10060696

Villegas-Goémez I, Silva-Olivares A, Robles-Zepeda RE, et al. The Dichloromethane Fraction of Croton sonorae, A
Plant Used in Sonoran Traditional Medicine, Affect Entamoeba histolytica Exrythrophagocytosis and
Gene Expression. Frontiers in cellular and infection microbiology. 2021; 11, 693449.
https://doi.org/10.3389/fcimb.2021.693449

Zhang C, Ling F, Ch, C, Wang GX. Effects of praziquantel and sanguinarine on expression of immune genes and
susceptibility to _Aeromonas hydrophila in goldfish (Carassins anratns) infected with Dactylogyrus
intermedins. Fish & shellfish immunology, 2013; 35(4), 1301-1308.
https://doi.org/10.1016/].£s1.2013.08.001

Zhang SM, Coultas KA. Identification of plumbagin and sanguinarine as effective chemotherapeutic agents for
treatment of schistosomiasis. Int | Parasitol. 2013; 3:28-34.
https://doi.org/10.1016/j.ijpddr.2012.12.001

Wang GX, Zhou Z, Jiang DX, et al. I vivo anthelmintic activity of five alkaloids from Macleaya microcarpa (Maxim)
Fedde against Dactylogyrus intermedius in Carassius anratus. Veterinary parasitology. 2010; 171(3-4), 305—
313.

Wu Y, Zhao NJ, Cao Y, et al. Sanguinarine metabolism and pharmacokinetics study 7z vitro and in vivo. ] Vet
Pharmacol Ther. 2020; 43(2):208-214. https://doi.org/10.1111/jvp.12835

Yao JY, Shen JY, Li XL, et al. Effect of sanguinarine from the leaves of Mackaya cordata against Ichthyophthirius
multifiliis in grass carp (Ctenopharyngodon idella). Parasitol Res. 2010; 107(5):1035-1042.
https://doi.org/10.1007 /s00436-010-1966-2


https://doi.org/10.1038/nrd.2018.168
https://doi.org/10.1016/j.aquaculture.2009.05.005
https://doi.org/10.3390/molecules13102462
https://doi.org/10.1016/j.exppara.2020.108011
https://doi.org/10.3390/molecules25112602
https://doi.org/10.1248/bpb.25.1651
https://doi.org/10.7189/jogh.11.04061
https://doi.org/10.1038/s41598-022-12396-x
https://doi.org/10.1038/s41598-022-12396-x
https://doi.org/10.3390/antibiotics10060696
https://doi.org/10.1016/j.ijpddr.2012.12.001
https://doi.org/10.1007/s00436-010-1966-z

