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Abstract

Clarisia racemosa Ruiz & Pav is a neotropical species found in humid forests from southern Mexico to southern Brazil. There
are few studies related to the ethnopharmacological use of C. racemosa. Our objective was to evaluate the hydroalcoholic
extract of C. racemosa as a potential antiparasitic agent. For this, we performed in vitro assays against strains of Leishmania
amazonensis, Trypanosoma cruzi, Plasmodium falciparum, and Schistosoma mansoni. At the same time, immunomodula-
tory activity tests were carried out. The results demonstrated that the extract was able to stimulate and activate immune
cells. In preliminary antiparasitic tests, structural modifications were observed in the promastigote form of L. amazonensis
and in adult worms of S. mansoni. The extract was able to inhibit the growth of trypomastigote form of 7. cruzi and finally
showed low antiparasitic activity against strains of P. falciparum. It is pioneering work and these results demonstrate that C.
racemosa extract is a promising alternative and contributes to the arsenal of possible forms of treatment to combat parasites.
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Introduction

Neglected diseases are those caused by infectious agents
or parasites and are considered endemic in low-income
populations with limited access to health services (Biswas
and Mandal 2023). These are mainly distributed among the
poorest populations in Africa, Asia, and America (Biswas
and Mandal 2023; Renslo and McKerrow 2006). Among the
various diseases, we will highlight here only leishmania-
sis (caused by parasites of the genus Leishmania), Chagas
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disease (T. cruzi), malaria (parasites of the genus Plasmo-
dium), and schistosomiasis (S. mansoni) (Ferreira et al.
2022). These diseases remain one of the leading causes of
morbidity and mortality worldwide and represent an impor-
tant medical need that remains unmet (Renslo and McKer-
row 20006).

Epidemiological data from the Pan American Health
Organization show that, from 2001 to 2021, a total of
1105,545 cases of leishmaniasis were reported, correspond-
ing to an average of 52,645 cases per year (PAHO 2023).
According to data published by the World Health Organi-
zation (WHO), it is estimated that there are approximately
6—7 million people infected with Chagas disease worldwide,
with 10,000 deaths each year (WHO 2023a). With regard to
malaria in 2021, there were an average of 619,000 deaths
from malaria worldwide (WHO 2023b). In relation to schis-
tosomiasis, it was estimated that 251.4 million people would
need preventive treatment for the disease in 2021 (WHO
2023c).

Even in the face of these alarming data, investments in
research, drug production and control of these diseases are
still low (Mengarda et al. 2023). In addition to this scenario,
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it is still necessary to take into account that many of these
parasites have become resistant to commercially used drugs.
Therefore, there is a growing interest in discovering new
forms of treatment (synthetic or natural products) that may,
in the near future, be used for the treatment of these diseases
(Renslo and McKerrow 2006).

Plants are important sources for obtaining bioactive
compounds. Studies have shown that natural products have
shown promising results in combating various parasites
(Igoli et al. 2022; El-Seedi et al. 2022; Cruz-Filho et al.
2023).

The Amazon rainforest is one of the main targets for dis-
covering new drug candidates. This fact is related to the vast
biodiversity. Among the various species of plants, Clarisia
racemosa, a native tree, has stood out for being used as a
renewable raw material as a wood product. However, few
studies have shown for the use of this plant for pharmacolog-
ical purposes. Albuquerque Nerys et al. (2022) published the
results of chemical characterization and different biological
activities (antiproliferative, antimicrobial, antioxidant, anti-
glycant, photoprotective, toxicity in vitro and in vivo) show-
ing that the hydroalcoholic extract of Clarisia racemosa has
therapeutic potential.

In this context, we aimed to evaluate the hydroalcoholic
extract of C. racemosa as a potential antiparasitic agent. For
this, we performed in vitro assays against strains of L. ama-
zonensis, T. cruzi, P. falciparum, and S. mansoni. At the
same time, tests were performed on immune cells to evaluate
the immunomodulatory profile promoted by the extract. This
work aims to contribute to the arsenal of possible forms of
treatment to combat parasites.

Materials and methods
Reagents

Acetone (Merk, CAS 67-64-1), chloroquine (Merk, CAS:
50-63-5), EPON (Merk, CAS 90-72-2), fetal bovine serum
(Thermo Fisher Scientific), gentamicin (Novafarma), gluta-
raldehyde (Merk, CAS 111-30-8), green fluorescent protein
(BioLinker), Griess reagent (Merk), lead citrate (Chem Xin-
glu Chemical, CAS 512-26-5), MTT (Merk, CAS: 298-93-
1), osmium tetroxide (Merk, CAS 20816-12-0), poly-1-lysine
(Merk, CAS 25988-63-0), RPMI 1640 culture medium
(Thermo Fisher Scientific), Schneider® culture medium
(Sigma-Aldrich), sodium cacodylate (Merk, CAS 6131-
99-3), sodium chloride calcium (Merk, CAS 10043-52-4),
SYBR green I (Invitrogen, Thermo Fisher Scientific) and
uranyl acetate (Metaquimica, Brazil) were used.

Pielase clla)l auan .
KACST 3.015lq rogle Ll @ Springer

Plant: Clarisia racemosa

This study was carried out with Clarisia racemosa (The tree
was 15 years old) trunks supplied by Mil Madeiras Precio-
sas, a subsidiary of the Swiss group Precious Woods (http://
preciouswoods.com.br/). The plant was collected in the dis-
trict of Itacoatiara Manaus, Amazonas Brazil, at the follow-
ing location 03°08'31"” and 58°26'33"W longitude and lati-
tude. The species was registered in SisGen (National System
of Genetic Heritage and Associated Traditional Knowledge)
n° AAF588D.

Obtaining the hydroalcoholic extract

Obtaining, chemical characterization of the evaluated extract
of the in vitro and in vivo toxicity of the hydroalcoholic
extract was carried out at the Laboratory of Chemistry and
Therapeutic Innovation of the Federal University of Pernam-
buco (UFPE), Recife, Pernambuco, Brazil and published by
Albuquerque Nerys et al. (2022). Briefly, the extract was
obtained by exhaustive maceration (using 100 g of C rac-
emosa ground to 0.177 mm) with 70% ethanol for 7 days
at room temperature. Then, the solvent was removed by
rotary evaporation (Biovera, model IKA RV3) and lyophi-
lized under vacuum pressure of 0.024 mBar and temperature
of —40 °C in a lyophilizer (model L-101, brand Liotop) for
24 h, then frozen at — 20 °C. The extract yield was 14.5%.
The phytochemical characterization of the extract was found
in the supplementary material. Contents of phenolics, flavo-
noids, flavonols, and tannic acid were determined by UV/Vis
spectroscopy (Table S1). Chromatogram (HPLC) obtained
for the hydroalcoholic extract was obtained from the stem
of C. racemosa (Fig. S1). Main compounds identified for
the hydroalcoholic extract were obtained from the stem of
C. racemosa (Table S2).

In vitro immunomodulatory activity

In vitro immunomodulation assays were performed using
a primary culture of splenocytes from mice treated with C.
racemosa extract dissolved in distilled water at concentra-
tions ranging from 3.9 to 1000 pg/mL. All tests were per-
formed according to the methodology proposed by Cruz-
Filho et al. (2019) and Aradjo et al. (2022). This study was
approved by the Committee on Ethics in the Use of Animals
of the Instituto Aggeu Magalhdes/Fundacido Oswaldo Cruz,
protocol number 164/2020.

Briefly, 45-day-old female Balb/c mice (Total n=10)
from the LIKA vivarium were anesthetized with 10 mg/kg
of xylazine and 115 mg/kg of ketamine and aseptically euth-
anized by cervical dislocation, the spleens were removed.
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Then, a homogenate was prepared with the spleens and the
splenocytes were isolated with FicollPaque TM. Cells were
obtained by centrifugation at 2500 X g at room temperature
for 25 min.

The cells were isolated and the concentration obtained
was 10° cells/mL. Then the cells were treated with different
concentrations of extract for 24 h in a CO, oven at 30 °C.
Cytotoxicity assays were performed using annexin V and
propidium iodide (BD Biosciences, San Diego, CA). To
evaluate cell proliferation, carboxyfluorescein succinimi-
dyl ester (CFSE) was used. Cytokine concentrations were
determined with the supernatant of treated cultures using a
Th1/Th2/Th17 kit (Becton Dickinson Biosciences, USA) for
simultaneous detection of I1L-2, IL-4, IL-6, IL-10, IL- 17,
tumor necrosis factor alpha (TNF-a), and interferon gamma
(IFN-y).

Furthermore, the concentration of nitric oxide (NO) pro-
duced by the Griess colorimetric method was determined.

Finally, cytosolic and mitochondrial reactive oxygen spe-
cies (ROS) levels, transmembrane potential and cytosolic
Ca®" concentration were determined. These assays were
performed by flow cytometry using dihydroethidium (DHE)
(Merck), MitoSox Red (Thermo Fischer Fisher-USA),
MitoStatus (BD Biosciences-USA) and fluo-3AM (Thermo
Fisher Scientific-USA), respectively. All experiments were
performed in triplicate.

In vitro leishmanicidal activity

The experiments were carried out according to Aradjo et al.
(2022) and Cruz-Filho et al. (2023). Promastigotes of L.
amazonensis (strain WHOM/00LTB0016) were maintained
in Schneider medium (Sigma) supplemented with 1% strep-
tomycin and 20% fetal bovine serum, respectively, grown
in an incubator at 26 °C (Schneider’s Drosophila Medium
favors the growth of promastigote forms). The promastig-
otes forms were used in exponential phase of growth in all
phases of the experiment (72 h). For the leishmanicidal
activity assay, promastigotes were counted and diluted in
complete Schneider medium (Sigma/Merck) at 2.3 x 10°
cells/mL. The parasites were incubated at 26 °C in the pres-
ence of different extract concentrations (3.9-1000 pg/mL),
diluted in distilled water, for 72 h. Parasites incubated only
with culture medium and with Amphotericin B were used
as negative and positive controls, respectively. Cell growth
was evaluated and the ICyy/72h was determined by regres-
sion analysis. Each assay was performed in triplicate. The
selectivity index (SI) was determined as the ratio between
CC5, (concentration capable of inhibiting cell growth by
50%) and ICs, (concentration capable of inhibiting parasite
growth by 50%).

The ultrastructural evaluation was performed by Aradjo
et al. (2022) and Cruz-Filho et al. (2023). The tests were

carried out with the IC5, value promoted by the extract
against the promastigote form to evaluate possible dam-
age promoted in the parasites treated with the extract. The
parasites were adhered to coverslips previously coated
with poly-L-lysine (Sigma®). Coverslips were treated for
1 h with one containing 1% osmium tetroxide (OsO,) in
sodium cacodylate buffer. Then, the cells were dehydrated
in an increasing series of ethanol and subjected to critical
point drying in the Critical Point Dryer HCP-2 (Hitachi,
Tokyo, Japan), covered with 20 nm gold in the JFC-1100
metallizer (Jeol, Tokyo, Japan). Japan) and visualized
in a JEOL T-200 scanning electron microscope (Jeol,
Tokyo, Japan). For visualization in transmission elec-
tronic microscopy, the fixed parasites were washed and
post-fixed for 1 h in a solution containing 1% osmium
tetroxide (0sO,), 0.8% potassium ferricyanide, 5 mM
CaCl, in cacodylate buffer of sodium. The parasites were
dehydrated in increasing concentrations of acetone and
included in EPON (Sigma® Aldrich, St. Louis, USA).
Finally, ultrathin Sections (70 nm) were obtained with a
Leica EMUCSG ultramicrotome (Leica, Wetzlar, Germany).
These sections were stained with uranyl acetate and lead
citrate and analyzed using a TecNai G2 Spirit TEM trans-
mission microscope (FEI, Hillsboro, USA). The experi-
ments were performed in triplicate.

Evaluation of in vitro trypanocidal activity
of the extract against T. cruzi trypomastigotes

The in vitro tests with trypomastigotes forms of T.
cruzi were performed according to the protocols estab-
lished by Cruz-Filho et al. (2023). Briefly, T. cruzi para-
sites (Tulahuen strain) expressing the Escherichia coli
B-galactosidase gene were cultured on a monolayer of
J774 macrophages. Cultivations were carried out in RPMI
1640 medium (pH 7.4) phenol red plus 10% fetal bovine
serum and glutamine (2 mM). Macrophages were seeded
in 96-well tissue culture microplates at a concentration of
1.0x 103 per well in a volume of 80 uL and incubated for
24 h. Then, trypomastigotes were added at a concentration
of 1.0x 10* per well in a volume of 20 pL. After 48 h, the
medium was discarded and replaced by 180 pL of medium
and the extract, diluted in distilled water, at different con-
centrations (3.9-1000 pg/mL). After 7 days of incubation,
the reagents Chlorophenol red-f-D-galactopyranoside
(CPRG) (final concentration 100 uM) and Nonidet P-40
(final concentration 0.1%) were added to the plates, fol-
lowed by incubation for 24 h at 37 °C. Absorbance was
determined at 570 nm in an automatic microplate reader.
Benznidazole was used as a positive control. The results
were expressed as percentage of growth inhibition for 50%
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of the parasites (ICs,). Experiments were performed in
triplicate.

Anti-Plasmodium falciparum activity in vitro

For this study, two strains of P. falciparum adapted to contin-
uous culture were used: a strain sensitive to all drugs (3D7)
and a strain resistant to chloroquine (Dd2). Both strains were
obtained from the Malaria Research and Reference Reagent
Resource Center (MR4). The tests were performed accord-
ing to the methodology proposed by Aratjo et al. (2022) and
Cruz-Filho et al. (2023). Briefly, a desynchronized culture
with 0.6% hematocrit and 0.5% parasitemia was incubated
in a 96-well flat bottom plate with concentrations ranging
from 0.17 to 10,000 ng/mL of extract for 72 h (37 °C and
5% CO,).

Cytotoxicity assays of the extract against the chloroquine-
sensitive strain were evaluated by flow cytometry (Beck-
man Coulter, Cytoflex) with a 96-well plate reader, using
Fl-1 (green fluorescent protein [GFP]; excitation wave-
length, 488 nm). On average, 20,000-40,000 erythrocytes
were counted for each well. As for the resistant strain, it
was previously stained with 0.5 X SYBR green I (Invitro-
gen, Thermo Fisher Scientific) for 30 min in the absence
of light at 37 °C, washed once with PBS and then analyzed
by cytometry under the same conditions. of the susceptible
strain 3D7-GFP. The standards used were: chloroquine (for
sensitive strain) and dihydroartemisinin (DHA) (resistant
strain) at the same extract concentrations. Experiments were
performed in triplicate.

In vitro schistosomicidal activity

The study was approved by the UFPE Animal Ethics Com-
mittee (n° 0060/2019 CEUA/UFPE). Initially, 20 female
mice (Swiss Webster, 28 +2 g, 30 days old) obtained from
the LIKA/UFPE vivarium were divided into two groups. The
first group was infected with 3000 and the second with 120
cercariae of S. mansoni (strain BH, Belo Horizonte—MG—
Brazil) for 45 days, this procedure was performed accord-
ing to Lima-Aires et al. (2014). The lineage of S. mansoni
belongs to the mollusc of the Federal University of Pernam-
buco and is maintained by successive passages in snails of
the species Biomphalaria glabrata and mice (Mus musculus/
Swiss Webster). Adult worms were recovered by perfusion,
with sterile saline NaCl at 0.9% w/v, from the hepatic portal
system and mesenteric vessels of mice on the 45th day of
infection (Smithers and Terry 1965). After perfusion, the
worms were transferred to a petri dish containing supple-
mented RPMI 1640 medium (20 mM HEPES, 100 pg/mL
penicillin, 100 pg/mL streptomycin, and 10% fetal bovine
serum) and washed three times with this culture medium.
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According to the methodology described by Ramirez
et al. (2007), couples of adult S. mansoni worms were dis-
tributed in 24-well plates and incubated at 37 °C in a humid
atmosphere containing 5% CO,. Each well received 2 cou-
ples of adult worms. After 2 h of adaptation, C. racemosa
hydroalcoholic extract was added at concentrations of 200,
100, and 75 pg/mL. In the first stage of the tests, the worms
were incubated and evaluated every 3, 6, 12, and 24 h with
the extract. In the second stage, the worms were incubated
with the extract, evaluated every 24 h for 5 consecutive days
and monitored with an inverted microscope for motor activ-
ity, oviposition and mortality rate (Duval and Dewitt 1967).
Adult worm couples were incubated only in RPMI 1640 sup-
plemented with 1% DMSO and 10 pM PZQ to form negative
and positive control groups, respectively. They were per-
formed in triplicate.

During the observation of schistosomicidal activity, the
groups that showed 100% mortality and the highest con-
centrations were retained and fixed for SEM along with the
treatment controls. Then, washed in 0.1 M sodium caco-
dylate buffer, pH 7.2 for subsequent fixation in 0.1 M sodium
cacodylate buffer, 2.5% glutaraldehyde, and 4% paraformal-
dehyde. Post-fixation was performed in 1% osmium tetroxide
in 0.1 M cacodylate buffer for 90 min. Then, three washes
were performed in 0.1 M cacodylate buffer for subsequent
dehydration, using an increasing series of ethanol in per-
centages ranging from 30 to 100% for 10 min each step.
After dehydration, the critical point was performed. Then,
the material was metallized for visualization and analysis
in the JEOL JSM-5600 LV scanning electron microscope.

Statistical analysis

Results were expressed as mean + standard deviation. Differ-
ences between groups were determined by analysis of vari-
ance (ANOVA) followed by Tukey’s test. Statistical analysis
was performed using GraphPad Prism® 9.4.3 Software. The
minimum significance level for rejecting the null hypothesis
was set at 5% (p <0.05).

Results and discussion
In vitro immunomodulatory activity assays

The cytotoxicity assays promoted by the hydroalcoholic
extract against splenic cells were performed in a flow cytom-
eter using fluorescent annexin V (apoptosis) and propidium
iodide (late necrosis and apoptosis) as markers (Rieger et al.
2011). These results are shown in Fig. 1.

The cell viability results using annexin V/propidium
iodide (Fig. 1) showed that the extract promoted low tox-
icity against splenocyte cells, presenting viability results
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Fig. 1 Viability results promoted by hydroalcoholic extract of C. rac-
emosa against splenocyte cells from mice evaluated by labeling with
annexin V and propidium iodide. Horizontal bars represent the aver-
age of two independent experiments performed in triplicate

greater than 90% for the two cell death assays, in all evalu-
ated concentrations.

The literature presents different hydroalcoholic extracts
that present low cytotoxicity against immune cells. Among
the works we can mention: Sousa et al. (2021) evaluating
different extracts of the leaves of Passiflora edulis F. fla-
vicarpa, against mouse lymphocytes, in concentrations rang-
ing from 3 to 50 pg/mL, found that ethyl acetate extract did
not induce significant cell death and ethanolic and hexanic
extracts induced cytotoxicity at 50 ug/mL. Similar results
were obtained by Silva et al. (2021) evaluating hexane, ethyl
acetate and ethanol extracts from leaves of Caesalpinia pul-
cherrima against splenocytes from Balb/c mice. The authors
found that the extracts promoted low cytotoxicity at con-
centrations lower than 25 pg/mL. Mashhadi et al. (2021)
evaluated the ethanolic extracts of Origanum vulgare L. and
Origanum Majorana L. and found low toxicity at concentra-
tions ranging from 0.01 to 10 mg/mL against mouse spleno-
cytes. These findings confirm the low toxicity of the extract
against splenic cells.

In parallel with this study, assessment of the proliferative
profile was performed with CFSE, a membrane-permeable
fluorescent agent binding cytoplasmic amines (Rieger et al.
2011; Christina et al. 2022). The cell proliferation results
showed that the extract was able to promote cell prolifera-
tion at all concentrations evaluated, in a non-significant
way. Other hydroalcoholic extracts were also able to pro-
mote cellular proliferation of immune system cells. Barusrux
et al. (2018), evaluating the effect of jujube extract on the

proliferation of peripheral blood mononuclear cells, found
cell proliferation at concentrations ranging from 50 to 1000
pg/mL. Kurnia Hartati et al. (2017), evaluating Indonesian
black rice extract (Oryza sativa L. indica), found an increase
in lymphocyte proliferation at concentrations ranging from
50 to 200 pg/mL.

In addition to the viability and proliferation profiles, the
production of cytokines and nitric oxide was also investi-
gated in the supernatant of cells treated with the extract at
a concentration of 15.6 pg/mL (Table 1). This concentra-
tion was chosen because it is low, non-toxic, and close to
that used in other studies, being sufficient to induce activity
(Silva et al. 2021; Sousa et al. 2021; Araujo et al. 2022).

The results presented in Table 1 showed that the extract
was able to provide an increase in the production of most
anti-inflammatory cytokines, that is, of the Th2 profile,
such as the cytokines IL-4, IL-10, and IL-6, the latter being
pleiotropic. The other cytokines were produced at baseline
values (similar to the control) and, therefore, did not change
the immune status of the cultures. In addition, an increase
in nitric oxide (toxic to organisms) was observed without
promoting cell death. This fact indicates that the evaluated
splenic cells are activated and that the extract may have anti-
inflammatory properties. The mechanism of immunomodu-
latory activity promoted by different extracts is still not well
understood (Parbat et al. 2021). This fact is related to the
complex nature of the extracts. However, it is known that
extracts that have a large number of phenolic constituents
are easily recognized by the receptors found on immune cells
and this binding can promote different responses (Ding et al.
2018; Mileo et al. 2019).

The literature presents different results related to
cytokines produced by immune cells. Sousa et al. (2021)
evaluating extracts obtained from the leaves of Passiflora
edulis F. flavicarpa found that the ethanolic extract did not
induce the production of cytokines. Silva et al. (2021) eval-
uating different extracts obtained from the leaves of Cae-
salpinia pulcherrima found that the ethanolic extract only
induced the production of IL-6. Daltro et al. (2021) verified
that the ethanolic extract of Physalis angulata reduced, in
a concentration-dependent manner, the levels of IL-2, IL-6
and IFN-y by splenocytes. In contrast, it induced a signif-
icant increase in IL-4 levels and did not modulate IL-10
levels.

In addition to cytokines, cytosolic and mitochondrial lev-
els of reactive oxygen species (ROS), calcium release and
changes in membrane potential were certain for different
extract concentrations. The results were shown in Table 2.

The results shown in Table 2 showed that the extract was
able to promote an increase in cytosolic and mitochondrial
ROS production, in cytosolic calcium levels and in mito-
chondrial membrane potential. The response to oxidative
stress, without inducing cell death, is an important step when
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it comes to the differentiation and activation of immune cells
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Table 2 Results of cytosolic and

. > A Concentration Cytosolic ROS Mitochondrial ROS Membrane potential Calcium ion
InltOChOl’ldI‘lfﬂ levels of reac.tlve (pg/mL) (fluorescence) (fluorescence) (fluorescence) concentration
oXygen species (ROS), Falcmm (M)
release and mitochondrial
membrane potential (A'), 0 25.0+0.3 13.4+0.1 20.1+0.02 35.9+0.12
respectively 3.9 30.0+0.1 149+0.2 20.9+0.01 40.1+0.25

7.81 37.0+0.01 16.1+0.01 30.5+0.03 40.6+0.32
15.63 44.0+0.03 17.9+0.09 329+0.5 41.8+0.13
31.25 49.0+0.4 18.2+0.03 33.7+0.09 42.3+0.33
62.5 50.0+0.1 19.6 +0.09 34.3+0.06 42.7+043
125 53.0+0.02 19.8 +0.08 35.6+0.02 42.9+0091
250 58.0+0.01 19.9+0.4 37.6+0.08 43.2+0.76
500 61.0+0.09 20.1+0.9 38.1+0.04 43.7+0.16
1000 62.0+1.0 21.2+0.8 39.2+0.1 43.9+0.15

Mean =+ standard deviation

of 22.93 pug/mL for the ethanolic extract of Garcinia brasil-
iensis Mart. Fruits. Santos et al. (2022) obtained an ICs; of
23.82 pg/mL for the ethanolic extract of Capsicum chinense
unripe fruit (var. bode pepper). Mariano et al. (2022) evalu-
ating the leishmanicidal effect of hydroalcoholic extracts
from different parts of Handroanthus impetiginosus (Ipé-
Roxo) obtained ICs, ranging from 2.24 to 49.12 pg/mL for
24 h of treatment and 4.69 to 47.27 pg/mL for 48 h.
Finally, to evaluate the effects promoted by the extract
at the ultrastructural level, the treated promastigotes, in
the ICy, concentration, were evaluated by scanning and

A B
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EHT = 1000k Mag= 15.00KX Signal A = SE1 WD =100 mm
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Mag= 18.19KX 1
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transmission electron microscopy. Figure 2 shows the scan-
ning electron micrographs for the untreated and treated pro-
mastigotes with the extract and amphotericin B.

The microscopy technique is useful to evaluate changes
in the surface of the parasite when treated with different
extracts. Figure 2A shows the untreated promastigote form,
showing a typical fusiform morphology of the parasite, in
addition to a topologically normal surface and a long, free,
preserved flagellum. Parasites treated with amphotericin B
(Fig. 2B) and extract (Fig. 2C) showed alterations in cell
topology, presenting a body with undulations/wrinkling,

C
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Fig.2 Scanning electron micrographs for the promastigotes forms of L. amazonensis without treatment (A) and treated with amphotericin B
(ICs4 0f 0.15+0.01 pg/mL) (B) and with the hydroalcoholic extract of C. racemosa (ICs; of 95.7+0.2 ug/mL) (C) for 72 h, respectively
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morphology varying from fusiform to ovoid. In addition to
evaluating the changes on the surface of the parasite, the
effect of alterations at the level of organelles caused by the
hydroalcoholic extract of C. racemosa and amphotericin B
was evaluated through the analysis of transmission elec-
tronic microscopy (Fig. 3).

Ultrastructural analyzes using TEM showed that in
the untreated group, the promastigotes of L. amazonensis
showed normal cell shape and morphology, in addition
to intact cytoplasm with well-preserved organelles. In the
cells treated with amphotericin B (Fig. 3B) and with the
hydroalcoholic extract of C. racemosa, it was possible to
observe mitochondrial swelling, intense vacuolization of the
cytoplasm, presence of electron-dense and electron-lucent
structures. These alterations are associated with the presence
of phenolic groups present in the extract; these groups are
known to be potential leishmanicidal agents. These results
indicate that the hydroalcoholic extract of Clarisia racemosa
is a potential leishmanicidal agent against the promastigotes
of L. amazonensis.

In vitro trypanocidal activity
For the in vitro trypanocidal activity assays, the trypomastig-

ote forms of T. cruzi (infective form) were used as an experi-
mental model. This form has an elongated morphology (it

can appear as thin and wide forms), the kinetoplast has a
rounded shape located in the region posterior to the nucleus.
In addition to a flagellum emerging from the flagellar pocket
(not visible under an optical microscope) which is located
laterally, in the posterior region of the parasite (Magalhaes
et al. 2022; Martin-Escolano et al. 2022).

Like the promastigotes, of the genus leishmania, the try-
pomastigotes also have an affinity for the phagocytic sys-
tem (Martin-Escolano et al. 2022). When trypomastigotes
parasites infect host cells, they transform into the amastigote
form (Magalhdes et al. 2022). When the host cells are full of
parasites, they again change into trypomastigotes. Due to the
large, large number of parasites (inside the cells), the cells
rupture and the protozoa reach the bloodstream, reaching
other organs (Magalhées et al. 2022; Martin-Escolano et al.
2022). Therefore, the search for new anti-trypanocide com-
ponents is an important strategy to fight the infection. Tox-
icity tests against 7. cruzi trypomastigotes promoted by the
hydroalcoholic extract of C. racemosa (Fig. S5 of the Sup-
plementary Material) showed ICs, results of 84.59 +0.5 pg/
mL and SI=1.9 (CCs, of 160.5 pg/mL Albuquerque Nerys
et al. (2022)). In addition, the extract was classified accord-
ing to the adapted arbitrary scale proposed by Gouveia et al.
(2022) and Mariano et al. (2022) as moderate compared to
the trypomastigotes form. These results were lower when

Fig.3 Transmission electron micrographs for the promastigotes forms of L. amazonensis without treatment (A) and treated with amphotericin B
(IC54 0f 0.15+0.01 pg/mL) (B) and with the hydroalcoholic extract of C. racemosa (ICs, of 95.7+0.2 ug/mL) (C) for 72 h, respectively
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«Fig.4 A-D SEM images of untreated S. mansoni adult worms after
24 h of observation. A Oral sucker (OS) and ventral sucker (VS) of
adult female worm. B Parallel fissures (F) and spines C gynecophoric
channel (GC) of adult male worm D Tubercles (TU) with spicules
(S). SEM images of S. mansoni treated with praziquantel (10 pM)
after 24 h of observation. E Adult male worms showing body with
muscle contraction (arrow). F Severe damage to the integument,
with the appearance of bursting blisters (BB) with loss of spicules.
G Adult female worms showing contorted body (C), H Integument
swelling (IS)

compared to the benznidazole standard, which presented an
IC5y of 1.1+0.01 pg/mL SI= 146, respectively.

The literature presents different results of trypomastigote
activity in vitro. Quintero-Pertuz et al. (2022), evaluating the
effect of the ethanolic extract and its fractions obtained from
the leaves of Castanedia santamartensis, obtained I1C, values
that ranged from 88.2 pg/mL to values greater than 200 pg/mL
against the trypomastigote form. Castaneda et al. (2021), eval-
uating three different ethanol extracts from Colombian plants,
obtained values ranging from 42.9 to values greater than
250 pg/mL. Meira et al. (2015), evaluating the concentrated
ethanolic extract of Physalis angulata L., obtained IC, values
of 1.7 and 2.3 pug/mL for different strains of trypomastigotes.

These results show that the chemical composition of the
extracts is an important parameter since different composi-
tion results promote different activity values. Furthermore,
the in vitro results showed that the hydroalcoholic extract of
C. racemosa is a potential trypanocidal agent.

Anti-Plasmodium falciparum activity in vitro

The in vitro anti-Plasmodium falciparum activity results
showed that an extract was able to present low toxicity
values. It is not possible to obtain ICs, values for any of
the species at the evaluated concentrations. At the highest
concentration, 45% inhibition was obtained for the chloro-
quine-sensitive P. falciparum (3D7) strain and 10.61% for
the chloroquine-resistant P. falciparum (Dd2) strain. The
inhibition curves are found in Fig. S6 of the Supplementary
Material. These results were lower when compared to the
drugs chloroquine (ICs, 156.1 +0.5 ng/mL) and dihydroar-
temisinin (IC5, 5.26 +0.01 ng/mL).

The literature presents different results for in vitro anti-
Plasmodium falciparum activity. Kwansa-Bentum et al.
(2019), evaluating different extracts obtained from the leaves
of Polyalthia longifélia against the strain of P. falciparum
(NF54), obtained ICs, results that ranged from 9.25 to 24 pg/
mL (9250-24000 ng/mL). Djouwoug et al. (2021) found that
hydroethanolic extract from the bark of Bridelia atroviridis
miill. Arg. showed inhibition against the chloroquine-resist-
ant P. falciparum strain Dd2.

Jansen et al. (2017), evaluating different extracts obtained
from Mezoneuron benthamianum leaves, obtained results

ranging from 6.4 to 44.3 pg/mL (6400-443000 ng/mL)
against the chloroquine-sensitive P. falciparum(3D7) strain.
Therefore, we can conclude that the anti-Plasmodium falci-
parum activity is directly related to the constituents present
in the extract, in addition to the method of obtaining it.

In vitro schistosomicidal activity

Changes in motility and mortality of S. mansoni adult worm
couples

The worms were incubated for 120 h with different concen-
trations 200, 100, and 75 pg/mL, and monitored every 24 h
to assess general conditions, such as: motor activity, pairing
and mortality rate (Table 3). All parameters were evaluated
using a Leica DMIL inverted microscope.

The results in Table 3 show that for the positive control
PZQ 10 uM, after 3 h of incubation, 100% of the worms
were at motility score 0. The negative control groups,
incubated in supplemented RPMI 1640 medium (controls
1 and 2), showed no differences in motility. These worms
continued to show typical movements for score 3, such as
movement of the suckers and their adhesion to the side or
bottom of the Petri dish, in addition, they showed peri-
stalsis of the internal organs. Thus, the worms incubated
in controls 1 and 2 were chosen for negative motility con-
trol. The groups containing C. racemosa hydroalcoholic
extract were divided into three concentrations 200, 100,
and 75 pg/mL. It was observed that the hydroalcoholic
extract of C. racemosa caused an effect on the pairing of
adult worms of the parasite S. mansoni during the 24-h
incubation period. All pairs of mated worms separated
into male and female individuals after 24 h of incubation.

This fact allows the action of the extract on male and
female worms, increasing the possibility of leading to the
destruction of the integument of both parasites The effect
of C. racemosa hydroalcoholic extract also affected the
motor activity of both parasites (males and females) in
just 24 h at a dose of 200 pg/mL in motility score 2. A
total reduction in motility was observed after 120 h; the
parasites had a score of 2, motility was 0. Decreased motor
activity was marked by loss of natural movement and sub-
sequent death. The worms gradually became inflexible,
with rocking movement and without contraction of the
suckers, showing weak motor activity until the complete
loss of movement was observed.

The literature presents different results for the schisto-
somicidal activity. This difference is related to the com-
plex chemical composition of the hydroalcoholic extracts.
Silva Alves et al. (2020) evaluated the ethanolic extracts
of P. arboreum and J. gossypiifolia at a concentration of
250 pg/mL. They were effective against adult worms, with
100% reduction in viability of male and female worms after
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Fig.5 A-D SEM images of adult worms of S. mansoni treated
with hydroalcoholic extract of C. racemosa (200 pg/mL) after 24 h
of observation. A Adult male worms with muscle contraction and
gynecophoric canal (GC). B Gynecophoric channel (GC), extensive

12 and 24 h, respectively. P. arboreum and J. gossypiifolia
were equally effective in inhibiting S. mansoni oviposition
(93% reduction) and causing damage to internal and external
structures in adult worms.

Khalil et al. (2016) evaluated the alcoholic extract of the
plant Calotropis procera (6.25, 12.5, and 25 mg/L) applied
against adult worms of the genus S. mansoni. of C. procera
over a period of 48 h. The ethanolic extract of C. procera (at
25 mg/L) caused the death of all worms after only half an
hour. However, concentrations of 12.5 and 6.25 mg/L caused
the death of all tested worms after three hours of exposure
to the ethanolic extract.

Almeida et al. (2012), evaluating the ethanolic, dichlo-
romethane and hexane extracts from the branches of Ere-
manthus erythropappus, found that at concentrations of 100
and 200 pg/mL, they showed schistosomicidal activity, dem-
onstrated by the analysis of various aspects such as darken-
ing of the integument, lack of motility, inability to adhere to
the culture plate, and absence of egg in the culture medium.
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disintegration of the integument (TD), erosions (ER) with appearance
and blisters (BU), throughout the body. D Female worms with exten-
sive tegument disintegration (TD) and erosions (ER), with appear-
ance and blisters (BB), subcutaneous tissue (TS)

An important biological target in the study of schistos-
omicidal activity is the tegument of S. mansoni parasites.
The degenerative changes in the teguments of the adult
worms of the S. mansoni parasites, both male and mainly
female, are useful to elucidate the mechanism of action. The
integument that covers the surface of the parasites, since the
physiology of the superficial membrane and the integrity
of the integument are fundamental for the development of
these parasites. These structures perform essential functions
of immunity and nutrient absorption (Da Rocha et al. 2022).
With the objective of verifying the superficial and ultrastruc-
tural alterations of adult worms treated with concentrations
of 200 pg/mL of hydroalcoholic extract of C. racemosa.

With the objective of verifying the superficial and ultras-
tructural alterations of the adult worms treated with hydroal-
coholic extract of C. racemosa, the parasites were treated,
cut, and analyzed by microscopy (Fig. 4A-H).

Figure 4A-D shows the topographic surface of adult
female and male parasites from the negative control after
24 h, when all parasites were alive. Observation of the
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female’s body shows that the oral sucker and the ventral
suckers have tubercles, spines or sensory papillae (Fig. 4A)
and fissures arranged parallel to the spines (Fig. 4B). Male
parasites exhibit a normal parallel arrangement of their folds,
a long body with a normal gynecophore canal (Fig. 4C), dis-
playing tubercles with some projections, spicules (Fig. 4D).

After treatment with PZQ (10 pM), all parasites were
dead after 24 h. It was noted that the topographic surfaces
of these parasites showed some damage, such as the con-
tracted body (males) (Fig. 4E) or contorted, presenting a spi-
ral shape (females) (Fig. 4E and G), with ulcerations caused
by bursting of bubbles and loss of tubercles and spicules
(Fig. 4F). And females showed swelling and loss of parallel
fissures (Fig. 4H).

The treatment of adult worms of S. mansoni parasites
with the hydroalcoholic extract of C. racemosa (200 pg/mL)
led to degenerative changes in the tegument. As the extract
had an effect on the pairing of adult worms of the S. mansoni
parasite during the 24 h incubation period, equally severe
damage was observed in both male and female parasites, as
extensive destruction is observed throughout the integument
(Fig. 5A-D).

Adult male worms show muscle contraction (Fig. SA). In
Fig. 5B, the male worms show erosions or ruptures of the
integument near the gynecophoric canal and many blisters
in addition to the aggressive destruction of the integument.
In female parasites, the disintegration of part of the integu-
ment and extensive erosions throughout the body (Fig. 5C),
as well as desquamation in some areas (Fig. 5D), no longer
allowing the display of the parallel fissure’s characteristic
of females, due to the swelling caused by the extract action.

Yones et al. (2016), evaluating the ethanolic extract,
observed tegumentary morphological changes in adult
males and females of S. mansoni after 12 h of in vitro
incubation with concentrations of 100, 300, and 500 pg/
mL. Abd-Allah et al. (2022), evaluating different extracts
of red sea snail muscles, verified, by scanning electron
microscopy, that at a concentration of 50 pg/mL, it alters
the tegument of adult parasites. These findings indicate
that C. racemosa hydroalcoholic extract has schistosomi-
cidal potential.

Conclusion

The results obtained in this work showed that the C. rac-
emosa extract has low toxicity; in addition, it can stimu-
late, activate, and promote the proliferation of immune
cells. Furthermore, it was able to stimulate the production
of anti-inflammatory cytokines. In antiparasitic assays,
it inhibited the growth of all parasites evaluated here.

However, it showed better results for the parasites L. ama-
zonensis, S. mansoni, and T. cruzi and low results against
strains of P. falciparum. This in vitro study showed that
the evaluated extract can be used as a potential antipara-
sitic agent contributed as a new form of treatment of these
evaluated parasites.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13205-023-03799-2.

Acknowledgements The authors thank the Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico (CNPq) for a grant and
M.C.A. Lima Fellowship (Process 306865/612020-3); Coordenacao
de Aperfeicoamento de Pessoal de Nivel Superior (CAPES—Finance
Code N° 001) and the Fundagido de Amparo a Ciéncia e Tecnologia do
Estado de Pernambuco (FACEPE). J.V.R. Rocha and 1.J. Cruz Filho
would like to thank FACEPE for the Graduate Scholarship (Process
PBPG-1832-4.01/22) and Researcher Fixation Scholarships (Process
BFP-0038-4.03/21), respectively. In addition, M.C.A. Lima and A.L.
Aires would like to thank FACEPE Research Project Aid (Process
APQ-0498-4.03/19) and (Process APQ-Emergent 1181-4.03/22),
respectively. We would like to thank Mil Madeiras Preciosas, a sub-
sidiary of the Swiss group Precious Woods (http://preciouswoods.com.
br/) for supplying the Clarisia racemosa trunks. Thanks to MR4, who
provided us with the Plasmodium falciparum MRA-1029 strain pro-
vided by Andrew Talman, Robert Sinden that we used in the trials. The
work was partially supported by the FCT project reference CIRCNA/
BRB/0281/2019_AMAZING and GHTM-UID/Multi/04413/2013.

Data availability The authors made available the data presented in this
work.

Declarations

Conflict of interest The authors declare that they have no known com-
peting financial interests or personal relationships that could appear to
influence the work reported in this article.

Ethical approval The study was approved by the UFPE Animal Ethics
Committee (n° 0060/2019 CEUA/UFPE).

References

Abd-Allah M, Abdelwahab M, Aly NS, Amer OS, Sarhan M (2022)
In vitro schistosomicidal activity of five common species of red
sea cone snail muscle extracts. Al-Azhar Bull Sci 33(2C):111-
119. https://doi.org/10.21608/ABSB.2022.140291.1187

Albuquerque Nerys LL, Jacob ITT, Silva AR, Oliveira AM, Rocha
WRY, Pereira DTM, Lima MDCA (2022) Photoprotective, bio-
logical activities and chemical composition of the non-toxic
hydroalcoholic extract of Clarisia racemosa with cosmetic and
pharmaceutical applications. Ind Crops Prod 180:114762. https://
doi.org/10.1016/j.indcrop.2022.114762

Almeida LMSD, Farani PGS, Tosta LA, Silvério MS, Sousa OVD,
Mattos ACAD, Faria-Pinto P (2012) In vitro evaluation of the
schistosomicidal potential of Eremanthus erythropappus (DC)
McLeisch (Asteraceae) extracts. Nat Prod Res 26(22):2137-2143.
https://doi.org/10.1080/14786419.2011.631135

Aratjo DMF, Cruz Filho 1J, Santos T, Pereira DTM, Marques DSC,
de Lima ADCA, Nogueira F (2022) Biological activities and

Piedlae clodl ayao .
KACST ,161)lg rogLe Ll @ Springer


https://doi.org/10.1007/s13205-023-03799-2
http://preciouswoods.com.br/
http://preciouswoods.com.br/
https://doi.org/10.21608/ABSB.2022.140291.1187
https://doi.org/10.1016/j.indcrop.2022.114762
https://doi.org/10.1016/j.indcrop.2022.114762
https://doi.org/10.1080/14786419.2011.631135

391 Page 140of 15

3 Biotech (2023) 13:391

physicochemical characterization of alkaline lignins obtained
from branches and leaves of Buchenavia viridiflora with potential
pharmaceutical and biomedical applications. Int J Biol Macromol
219:224-245. https://doi.org/10.1016/j.ijbiomac.2022.07.225

Barusrux S, Phiboonchaiyanan PP, Khamphio M, Weerapreeyakul N,
Siriamornpun S (2018) Effects of jujube fruit extract on periph-
eral blood mononuclear cell proliferation, cytokine productions
and intracellular hydrogen peroxide level. Walailak J Sci Technol
(WIST) 15(8):561-568

Biswas N, Mandal L (2023) Treatment strategies against selected com-
mon tropical parasitic diseases. In: Viral, parasitic, bacterial, and
fungal infections. Academic Press, pp 383—388. https://doi.org/
10.1016/B978-0-323-85730-7.00058-8

Castafieda JS, Suta-Vel4dsquez M, Mateus J, Pardo-Rodriguez D, Puerta
CJ, Cuéllar A, Cuervo C (2021) Preliminary chemical characteri-
zation of ethanolic extracts from Colombian plants with promis-
ing anti-Trypanosoma cruzi activity. Exp Parasitol 223:108079.
https://doi.org/10.1016/j.exppara.2021.108079

Christina YI, Rifa’i M, Widodo N, Djati MS (2022) Comparative study
of antiproliferative activity in different plant parts of Phaleria
macrocarpa and the underlying mechanism of action. Sci World
J. https://doi.org/10.1155/2022/3992660

Cruz-Filho 1J, Silva Barros BR, Souza Aguiar LM, Navarro CDC,
Ruas JS, de Lorena VMB, Maior AMS (2019) Lignins isolated
from prickly pear cladodes of the species Opuntia ficus-indica
(Linnaeus) Miller and Opuntia cochenillifera (Linnaeus) Miller
induces mice splenocytes activation, proliferation and cytokines
production. Int J Biol Macromol 123:1331-1339

Cruz-Filho 1J, Duarte DMFA, Lima DDCA, Marques DSC, dos Santos
FAB, Alves LC, Lima MDCA (2023) In vitro evaluation of alka-
line lignins as antiparasitic agents and their use as an excipient in
the release of benznidazole. Int J Biol Macromol. https://doi.org/
10.1016/j.ijbiomac.2023.123339

Da Rocha RET, De Almeida Janior ASA, Janior NCP, Do Nascimento
AV, Leite NMS, De Oliveira JF, Alves LC (2022) Synthesis,
in vitro schistosomicidal activity and ultrastructural alterations
caused by thiosemicarbazones and thiazolidinones against juve-
nile and adult Schistosoma mansoni worms (Sambon, 1907). Mol
Biochem Parasitol 252:111520. https://doi.org/10.1016/j.molbi
opara.2022.111520

Daltro SRT, Santos IP, Barros PL, Moreira DRM, Tomassini TCB,
Ribeiro IM, Soares MBP (2021) In vitro and in vivo immu-
nomodulatory activity of physalis angulata concentrated etha-
nolic extract. Planta Med 87(01/02):160-168. https://doi.org/10.
1055/a-1237-4268

Ding S, Jiang H, Fang J (2018) Regulation of immune function by poly-
phenols. J Immunol Res. https://doi.org/10.1155/2018/1264074

Djouwoug CN, Gounoue RK, Ngueguim FT, NankapTsakem JM,
Gouni CD, Kandeda AC, Dimo T (2021) In vitro and in vivo
antiplasmodial activity of hydroethanolic bark extract of Bridelia
atroviridis miill. Arg. (Euphorbiaceae) and lc-ms-based phyto-
chemical analysis. J Ethnopharmacol 66:113424. https://doi.org/
10.1016/j.jep.2020.113424

Duvall RH, DsWitt WB (1967) An improved perfusion technique for
recovering adult schistosomes from laboratory animals. ASTMH
16(4):483-486

El-Seedi HR, Khalifa SA, Mohamed AH, Yosri N, Zhao C, El-Wakeil
N, Verpoorte R (2022) Plant extracts and compounds for com-
bating schistosomiasis. Phytochem Rev. https://doi.org/10.1007/
s11101-022-09836-x

Ferreira LL, de Moraes J, Andricopulo AD (2022) Approaches to
advance drug discovery for neglected tropical diseases. Drug
Discov Today 27(8):2278-2287. https://doi.org/10.1016/j.drudis.
2022.04.004

Gouveia AL, Santos FA, Alves LC, Cruz-Filho IJ, Silva PR, Jacob
IT, Alves de Lima MDC (2022) Thiazolidine derivatives: in vitro

Pielase clla)l auan .
KACST 3.015lq rogle Ll @ Springer

toxicity assessment against promastigote and amastigote forms
of Leishmania infantum and ultrastructural study. Exp Parasitol
236:108253. https://doi.org/10.1016/j.exppara.2022.108253

Gutiérrez-Rebolledo GA, Drier-Jonas S, Jiménez-Arellanes MA (2017)
Natural compounds and extracts from Mexican medicinal plants
with anti-leishmaniasis activity: an update. Asian Pac J Trop Med
10(12):1105-1110. https://doi.org/10.1016/j.apjtm.2017.10.016

Igoli JO, Teles YC, Atawodi SE, Ferro VA, Watson DG (2022) eth-
nopharmacological strategies for drug discovery against African
neglected diseases. Front Pharmacol. https://doi.org/10.3389/
fphar.2022.851064

Jansen O, Tchinda AT, Loua J, Esters V, Cieckiewicz E, Ledoux A,
Frédérich M (2017) Antiplasmodial activity of Mezoneuron
benthamianum leaves and identification of its active constituents.
J Ethnopharmacol 203:20-26. https://doi.org/10.1016/j.jep.2017.
03.021

Khalil LM, Azzam AM, Mohamed HA, Aboueldahab MM, Taha HA,
Soliman MI (2016) In vitro effects of the stem extracts of the plant
Calotropis procera on Schistosoma mansoni adult worms. Egypt
J Zoology 66(66):217-230

Kurnia Hartati F, Bambang Widjanarko S, Dewanti Widyaningsih T,
Rifa’i M (2017) Antioxidant activity and immunomodulator of
Indonesia black rice (Oryza sativa L. indica) extract. J Global
Pharma Technol 176-182

Kwansa-Bentum B, Agyeman K, Larbi-Akor J, Anyigba C, Appiah-
Opong R (2019) In vitro assessment of antiplasmodial activity and
cytotoxicity of Polyalthia longifolia leaf extracts on Plasmodium
falciparum strain NF54. Malar Res Treat. https://doi.org/10.1155/
2019/6976298

Lima-Aires A, Ximenes ECPA, Barbosa VX, Silva Goées AJ, Souza
VMO, Azevedo Albuquerque MCP (2014) pB-lapachone: a naph-
thoquinone with promising antischistosomal properties in mice.
Phytomedicine 21(3):261-267. https://doi.org/10.1016/j.phymed.
2013.08.012

Magalhdes LM, Gollob KJ, Zingales B, Dutra WO (2022) Pathogen
diversity, immunity, and the fate of infections: lessons learned
from Trypanosoma cruzi human—host interactions. Lancet
Microbe 3(9):711-e722. https://doi.org/10.1016/S2666-5247(21)
00265-2

Mariano RL, Montagnini DL, Manuquian HA, Katchborian-Neto A,
Ribeiro Cavallari PSDS, de Almeida SG, Silva MLAE (2022)
Antileishmanial activity and chemical composition of hydroalco-
holic extracts from different parts of Handroanthus impetiginosus
(Ipé-Roxo). Rev Bras Farmacogn 32:851-857. https://doi.org/10.
1007/543450-022-00313-2

Martin-Escolano J, Marin C, Rosales MJ, Tsaousis AD, Medina-
Carmona E, Martin-Escolano R (2022) An updated view of the
trypanosoma cruzi life cycle: intervention points for an effective
treatment. ACS Infect Dis 8(6):1107—1115. https://doi.org/10.
1021/acsinfecdis.2c00123

Mashhadi F, Ghorbani Nohooji M, Yaraee R (2021) Immunomodula-
tory effects of Origanum vulgare L. and Origanum Majorana L.
ethanolic extracts in vitro. Immunoregulation 4(1):21-32

Meira CS, Guimaraes ET, Dos Santos JAF, Moreira DRM, Nogueira
RC, Tomassini TCB, Soares MBP (2015) In vitro and in vivo
antiparasitic activity of Physalis angulata L. concentrated
ethanolic extract against Trypanosoma cruzi. Phytomedicine
22(11):969-974. https://doi.org/10.1016/j.phymed.2015.07.004

Mengarda AC, Iles B, Longo JPF, de Moraes J (2023) Recent
approaches in nanocarrier-based therapies for neglected tropi-
cal diseases. Wiley Interdiscip Rev Nanomed Nanobiotechnol
15(2):e1852. https://doi.org/10.1002/wnan.1852

Mileo AM, Nistico P, Miccadei S (2019) Polyphenols: immunomodula-
tory and therapeutic implication in colorectal cancer. Front Immu-
nol 10:729. https://doi.org/10.3389/fimmu.2019.00729


https://doi.org/10.1016/j.ijbiomac.2022.07.225
https://doi.org/10.1016/B978-0-323-85730-7.00058-8
https://doi.org/10.1016/B978-0-323-85730-7.00058-8
https://doi.org/10.1016/j.exppara.2021.108079
https://doi.org/10.1155/2022/3992660
https://doi.org/10.1016/j.ijbiomac.2023.123339
https://doi.org/10.1016/j.ijbiomac.2023.123339
https://doi.org/10.1016/j.molbiopara.2022.111520
https://doi.org/10.1016/j.molbiopara.2022.111520
https://doi.org/10.1055/a-1237-4268
https://doi.org/10.1055/a-1237-4268
https://doi.org/10.1155/2018/1264074
https://doi.org/10.1016/j.jep.2020.113424
https://doi.org/10.1016/j.jep.2020.113424
https://doi.org/10.1007/s11101-022-09836-x
https://doi.org/10.1007/s11101-022-09836-x
https://doi.org/10.1016/j.drudis.2022.04.004
https://doi.org/10.1016/j.drudis.2022.04.004
https://doi.org/10.1016/j.exppara.2022.108253
https://doi.org/10.1016/j.apjtm.2017.10.016
https://doi.org/10.3389/fphar.2022.851064
https://doi.org/10.3389/fphar.2022.851064
https://doi.org/10.1016/j.jep.2017.03.021
https://doi.org/10.1016/j.jep.2017.03.021
https://doi.org/10.1155/2019/6976298
https://doi.org/10.1155/2019/6976298
https://doi.org/10.1016/j.phymed.2013.08.012
https://doi.org/10.1016/j.phymed.2013.08.012
https://doi.org/10.1016/S2666-5247(21)00265-2
https://doi.org/10.1016/S2666-5247(21)00265-2
https://doi.org/10.1007/s43450-022-00313-2
https://doi.org/10.1007/s43450-022-00313-2
https://doi.org/10.1021/acsinfecdis.2c00123
https://doi.org/10.1021/acsinfecdis.2c00123
https://doi.org/10.1016/j.phymed.2015.07.004
https://doi.org/10.1002/wnan.1852
https://doi.org/10.3389/fimmu.2019.00729

3 Biotech (2023) 13:391

Page 150f 15 391

Moradin N, Descoteaux A (2012) Leishmania promastigotes: building
a safe niche within macrophages. Front Cell Infect 2:121

PAHO (2023) Organizagdo Pan-Americana da Satdde. Leishmaniose.
https://www.paho.org/pt/topicos/leishmaniose. Accessed 23 Mar
2003

Parbat AY, Malode GP, Shaikh AR, Panchale WA, Manwar JV, Bakal
RL (2021) Ethnopharmacological review of traditional medicinal
plants as immunomodulator. WIBPHS 6(2):043-055

Pereira 10, Marques MJ, Pavan ALR, Codonho BS, Barbiéri CL, Beijo
LA, Dos Santos MH (2010) Leishmanicidal activity of benzo-
phenones and extracts from Garcinia brasiliensis Mart. fruits.
Phytomedicine 17(5):339-345. https://doi.org/10.1016/j.phymed.
2009.07.020

Pereira KL, Vasconcelos NB, Braz JV, Inacio JD, Estevam CS, Correa
CB, Scher R (2020) Ethanolic extract of Croton blanchetianus
ball induces mitochondrial defects in Leishmania amazonensis
promastigotes. An Acad Bras Ciénc. https://doi.org/10.1590/0001-
3765202020180968

Quintero-Pertuz H, Veas-Albornoz R, Carrillo I, Gonzéalez-Herrera F,
Lapier M, Carbond-Delahoz E, Maya JD (2022) Trypanocidal
effect of alcoholic extract of Castanedia santamartensis (Aster-
aceae) leaves is based on altered mitochondrial function. Biomed
Pharmacother 148:112761. https://doi.org/10.1016/j.biopha.2022.
112761

Ramirez B, Bickle Q, Yousif F, Fakorede F, Mouries MA, Nwaka S
(2007) Schistosomes: challenges in compound screening. Expert
Opin Drug Discov 2(sup1):S53-S61. https://doi.org/10.1517/
17460441.2.51.S53

Renslo AR, McKerrow JH (2006) Drug discovery and development
for neglected parasitic diseases. Nat Chem Biol 2(12):701-710.
https://doi.org/10.1038/nchembio837

Rieger AM, Nelson KL, Konowalchuk JD, Barreda DR (2011) Modi-
fied annexin V/propidium iodide apoptosis assay for accurate
assessment of cell death. JoVE (j vis Exp) 50:e2597. https://doi.
org/10.3791/2597

Santos LS, Fernandes CC, Santos LS, Candido ACBB, Magalhaes
LG, Andrade G, Miranda MLD (2022) Phenolic compounds and
biological activities of ethanolic extract from Capsicum chinense
unripe fruit (var. bode pepper). Mediterr J Chem 12(1):31-37

Silva RS, Nascimento Santos DKD, Sousa GF, Aratijo Sobral M, de
Miranda PHO, de Sousa BR, Melo CML (2021) Antifungical
and immunomodulatory activities from Caesalpinia pulcher-
rima extracts. Sci Electron Arch. https://doi.org/10.36560/14920
211454

Silva Alves RR, Rodrigues JGM, Teles-Reis A, Nogueira RA, Lica
ICL, Lira MGS, Miranda GS (2020) Antiparasitic effects of
ethanolic extracts of Piper arboreum and Jatropha gossypiifolia
leaves on cercariae and adult worms of Schistosoma mansoni.
Parasitology 147(14):1689-1699. https://doi.org/10.1017/S0031
18202000181X

Smithers SR, Terry RJ (1965) The infection of laboratory hosts with
cercariae of Schistosoma mansoni and the recovery of the adult
worms. Parasitology 55(4):695-700. https://doi.org/10.1017/
S0031182000086248

Sousa GF, Santos DKDDN, Silva RS, Barros BRDS, Cruz-Filho 1J,
Ramos BDA, Lagos de Melo CM (2021) Evaluation of cytotoxic,
immunomodulatory effects, antimicrobial activities and phyto-
chemical constituents from various extracts of Passiflora edulis
F. flavicarpa (Passifloraceae). Nat Prod Res 35(24):5862-5866.
https://doi.org/10.1080/14786419.2020.1798660

Van Assche T, Deschacht M, da Luz RAI, Maes L, Cos P (2011) Leish-
mania—macrophage interactions: insights into the redox biology.
Free Radic Biol Med 51(2):337-351. https://doi.org/10.1016/].
freeradbiomed.2011.05.011

WHO. World Health Organization. World chagas disease day 2022
https://www.who.int/campaigns/world-chagas-disease-day/2022.
Accessed 30 Mar 2023a

WHO. World Health Organization. World malaria report 2022 https://
www.who.int/teams/global-malaria-programme/reports/world-
malaria-report-2022. Accessed 30 Mar 2023b

WHO. World Health Organization. Schistosomiasis https://www.who.
int/news-room/fact-sheets/detail/schistosomiasis Accessed 30 Mar
2023c¢

Yones DA, Badary DM, Sayed H, Bayoumi SA, Khalifa AA, ElI-Mog-
hazy AM (2016) Comparative evaluation of anthelmintic activity
of edible and ornamental pomegranate ethanolic extracts against
Schistosoma mansoni. BioMed Res Int. https://doi.org/10.1155/
2016/2872708

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

Pigllase ¢l ay .
e e O) Springer


https://www.paho.org/pt/topicos/leishmaniose
https://doi.org/10.1016/j.phymed.2009.07.020
https://doi.org/10.1016/j.phymed.2009.07.020
https://doi.org/10.1590/0001-3765202020180968
https://doi.org/10.1590/0001-3765202020180968
https://doi.org/10.1016/j.biopha.2022.112761
https://doi.org/10.1016/j.biopha.2022.112761
https://doi.org/10.1517/17460441.2.S1.S53
https://doi.org/10.1517/17460441.2.S1.S53
https://doi.org/10.1038/nchembio837
https://doi.org/10.3791/2597
https://doi.org/10.3791/2597
https://doi.org/10.36560/14920211454
https://doi.org/10.36560/14920211454
https://doi.org/10.1017/S003118202000181X
https://doi.org/10.1017/S003118202000181X
https://doi.org/10.1017/S0031182000086248
https://doi.org/10.1017/S0031182000086248
https://doi.org/10.1080/14786419.2020.1798660
https://doi.org/10.1016/j.freeradbiomed.2011.05.011
https://doi.org/10.1016/j.freeradbiomed.2011.05.011
https://www.who.int/campaigns/world-chagas-disease-day/2022
https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2022
https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2022
https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2022
https://www.who.int/news-room/fact-sheets/detail/schistosomiasis
https://www.who.int/news-room/fact-sheets/detail/schistosomiasis
https://doi.org/10.1155/2016/2872708
https://doi.org/10.1155/2016/2872708

	Evaluation of the hydroalcoholic extract of Clarisia racemosa as an antiparasitic agent: an in vitro approach
	Abstract
	Introduction
	Materials and methods
	Reagents
	Plant: Clarisia racemosa
	Obtaining the hydroalcoholic extract
	In vitro immunomodulatory activity
	In vitro leishmanicidal activity
	Evaluation of in vitro trypanocidal activity of the extract against T. cruzi trypomastigotes
	Anti-Plasmodium falciparum activity in vitro
	In vitro schistosomicidal activity
	Statistical analysis

	Results and discussion
	In vitro immunomodulatory activity assays
	In vitro leishmanicidal activity
	In vitro trypanocidal activity
	Anti-Plasmodium falciparum activity in vitro
	In vitro schistosomicidal activity
	Changes in motility and mortality of S. mansoni adult worm couples


	Conclusion
	Anchor 22
	Acknowledgements 
	References




