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Abstract

Aims: This study aimed to characterize and evaluate leishmanicidal and trypanocidal action as
well as cytotoxicity on macrophages and antioxidant ability of extracts, obtained by supercritical
CO, and ultrasound-assisted extractions of Uvaia (Eugenia pyriformis) leaves. Methods: Leaves
from E. pyriformis were submitted to supercritical CO, (E1) and ultrasound-assisted (E2)
extractions. The characterization of extracts was done using GC-MS and HPLC. L. amazonensis
(promastigotes) and T cruzi (epimastigotes and trypomastigotes) were treated with crescent
concentrations of E1 and E2. After this, parasites were counted and the percentage of inhibition
and IC, /LC, was calculated. Murine macrophages were treated with both extracts for 48 h and
after that, the cellular viability was determined and CC,, was calculated. DPPH method was
used to determine the antioxidant capacity of both extracts. Results: The results of identification
showed a great amount of o and B-amyrin in E1 and E2. Both extracts showed growth inhibition
of L. amazonensis with an IC, of 5.98 and 9.38 ug/mL to El and E2, showing a selectivity
index > 30. In trypanocidal tests, an LC,, of 16.69 and 7.80 ug/mL (trypomastigotes) and IC,,
of 5.56 and 34.34 pg/mL (epimastigotes) was reached by E1 and E2. Both extracts showed no
toxicity to macrophages and an antioxidant capacity similar to the positive control (tocopherol).
Conclusions: This is the first study demonstrating the activity of an amyrin rich-extract against
microorganisms that cause Chagas disease and leishmaniasis, as well as its antioxidant capacity,
justifying further studies for future in-vivo tests.

Keywords: Trypanosoma cruzi; Leishmania,; Natural extracts; Antioxidant activity; Eugenia;
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Introduction

Chagas disease and leishmaniasis are
diseases considered neglected, found mainly
in underdeveloped and developing countries.
American trypanosomiasis (Chagas disease)
is caused by the protozoan Trypanosoma
cruzi, which is a parasite of mammals,
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and although transmission through insect
vectors 1s common, infection also occurs
due to contaminated food, blood transfusion,
placental route, and breast milk, with a great
number of infected people in Latin America (1)
and recently it became a problem in developed
countries, affected by blood transfusion (2).
Leishmaniases is a group of diseases caused by
protozoa parasites of more than 20 species of
Leishmania, which are transmitted to humans
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by the bite of an infected female phlebotomine
(3). Parasites of the genus Leishmania have a
heteroxenous life cycle, alternating between
promastigotes (extracellular) and amastigotes
(intracellular) forms. Once inside the host, the
promastigote forms are internalized by the
macrophages, where they differ in immobile
amastigote forms constituting the main target
of the chemotherapies for leishmaniasis (4).

Despite the significant rates of morbidity
and mortality, investment in research, drug
production, and transmission control for
trypanosomiasis and leishmaniasis are
reduced (5). Treatment of trypanosomiasis is
effective only in the phase that parasite could
be reached in the blood (acute phase), to which
two medicines are available: benznidazole and
nifurtimox. Benznidazole is a nitroimidazole
derivative developed in the 1960s (6) and
nifurtimox is a nitrofuran derivative, not
been used in Brazil since 1980 due to the
emergence of resistant strains in endemic
regions (7). Since the 1940s, the first-choice
therapy for leishmaniasis has been pentavalent
antimonials such as sodium stibogluconate
(Pentostan®) and meglumine antimoniate
(Glucantime®). These drugs are the main
treatments recommended by the WHO (World
Health Organization) and are administered
parenterally or orally (8).

Eugenia pyriformis Cambess, popularly
known in Brazil as Uvaia, has a yellow,
edible fruit and can be used to make juices,
vinegar, and wine. Pentacyclic triterpenes are
distributed throughout the plant kingdom in
free form as aglycones or combined forms and
have been known to have several biological
effects. The triterpenes a-amyrin and f-amyrin
and their analogs are commonly found in
medicinal plants, being studied due to their
chemical and pharmacological properties (9).
Since amyrins are present in E. pyriformis, the
purpose of this research was to determine the
antiprotozoal effect, cytotoxicity, antioxidant,
and immunoactivity of extracts from Uvaia
leaves (10).

Experimental

Preparation and characterization of
extracts from E. pyriformis

Leaves of E. pyriformis were collected in
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a rural property located in Marechal Candido
Rondon (state of Parana), Brazil. A voucher
specimen was identified and deposited in the
herbarium (Herbario UNOP) of the Western
Parana State University-UNIOESTE, under
the number UNOP 2614. The leaves were
dried at room temperature (25 + 5 °C), in the
shade, for 7 days. The extracts were obtained
and characterized as described by Klein et al.,
2018, using supercritical CO, (pressure 150
bar and temperature 50 °C) and ultrasound-
assisted (power 50%, mass/solvent ratio 1:15
g/mL and temperature 50 °C) extraction, using
hexane as solvent. Gas chromatography-
mass spectrometry analysis (GC-MS) and
High-performance liquid chromatography
(HPLC) were used for the identification of
compounds in extracts. Extracts were diluted
in dimethyl sulfoxide (DMSO) to be used in
all experiments. Extracts from supercritical
and ultrasound-assisted extractions will be
named El1 and E2, respectively, throughout
this manuscript.

Determination of free radical scavenging
activity (DPPH% assay)

The free radical scavenging activity
was determined by the free radical DPPH
(2, 2-diphenyl-1-picrylhydrazyl) method
performed according to the protocol
described by Arasu et al. (2014) with some
modifications. The extracts were prepared in
concentrations varying from 5 to 175 pg/mL
in DMSO and alpha-tocopherol was used as
the positive control in the same concentrations
of the extracts. Only DMSO was the negative
control and DPPH was added to all tubes, and
after 30 min of incubation in the dark, the
samples were read at 517 nm. The scavenging
capacity was calculated using the following
equation:

={1-(abs sample/abs negative control)} x 100

Anti-Trypanosoma cruzi activity

Epimastigote forms of Trypanosoma cruzi
were maintained in Liver Infusion Tryptose
(LIT) medium by weekly subcultures and
trypomastigote forms of the Y strain of 7. cruzi
were maintained by weekly intraperitoneal
passages in mice, from where they were
collected by cardiac puncture. Epimastigote
(2.5 x 10° parasites) and trypomastigote



forms (1 x 10° parasites) were subjected to
different concentrations of extracts (5, 10,
15, 50, 100, 150, and 175 pg/mL), for 96
and 24 h respectively, after which they were
counted in a Neubauer chamber. Only the
medium was used as the control, as well as
medium-plus DMSO (0.6%), to evaluate its
interference. The different concentrations of
the compounds were used to determine the
inhibitory concentration 50% (IC, ) and lethal
dose 50% (LC,)). Values of IC, and LC, were
determined based on the percentage inhibition
of parasite by non-linear regression. The
standard drug used as the positive control was
benznidazole, which was tested at the same
concentrations of the extracts to calculate its
IC,, on both forms.

Anti-Leishmania amazonensis activity

Promastigotes forms of Leishmania
amazonensis were maintained in RPMI 1640
medium supplemented with 10% fetal bovine
serum by weekly subcultures. 1 x 10° forms
were subjected to different concentrations of
extracts (5, 10, 15, 50, 100, 150, and 175 pg/
mL), for 72 h, after which they were counted
in a Neubauer chamber. Only the medium was
used as the control, as well as medium-plus
DMSO (0.6%), to evaluate its interference. The
standard drug used as the positive control was
Glucantime®, which was tested at the same
concentrations of the extracts. The different
concentrations of the compounds and positive
control were used to determine the inhibitory
concentration 50% (IC,)). The IC, value was
determined based on the percentage inhibition
of parasite growth by non-linear regression.

In-vitro evaluation of activity on murine
macrophages

All legal recommendations of the Brazilian
legislation (Law 11.794 Oct. 2008) for animal
handling procedures in scientific research were
used and this study was approved by the Animal
Ethics Committee of Unioeste under number
32/18-CEUA. C57BL/6 mice (6—8 weeks old)
were used as peritoneal macrophage donors.
Peritoneal macrophages were collected by
infusing into the peritoneal cavity of the
donors 8-10 mL chilled PBS. The cells were
plated in RPMI 1640 culture medium, 5%
fetal bovine serum, and antibiotics in 24 or
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96-well plates. After 2 h incubation at 37 °C
under 5% CO, in a humidified incubator, non-
adherent cells were removed by washing twice
with warm PBS. Adherent macrophages were
incubated for 48 h in the standard medium in
the absence (control) or presence of different
E1 or E2 concentrations (5, 10, 15, 50, 100,
150, and 175 pg/mL).

Cytotoxicity was evaluated using an
MTT (3-(4, 5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide) reagent, as
described by Reilly et al. (1998). To measure
NO secretion, adherent macrophages (2 x 10°
cells/well) were plated in a 96-well plate and
incubated in the presence of E1 or E2. LPS
(Sigma Chemical Co.) (100 ng/mL) was used
as positive control (cell stimulator). After
48 h, NO secretion was indirectly assessed
by measuring nitrite concentrations in the
culture medium using Griess reaction (13)
with modifications. The isolated supernatants
were mixed with equal volumes of Griess
reagent and incubated at 25 °C for 10 min.
Absorbance was measured at 550 nm in a
microplate reader. The nitrite concentration
was calculated from a standard NaNO, curve
(5-100 pM). Results were expressed as umol
per 2 x 10° cells. To determine superoxide
production, adherent macrophages were
incubated, in 96-well plates, in a standard
reaction mixture consisting of HBSS (Hank’s
Balanced Salt Solution) containing nitroblue
tetrazolium (NBT) (0.02%) and PMA (Phorbol
12-myristate 13-acetate) in the presence or
absence of E1 or E2. Control was prepared
without extracts and with adequate amounts of
DMSO (solvent of extracts). Absorbance was
measured at 550 nm after 2 h and the amount of
superoxide anion released was demonstrated
as previously showed (14).

Statistical analysis

All the results are the result of three different
experiments conducted in triplicate. The
results are presented as mean + standard error
of the mean (SEM) and the data were analyzed
statistically by one-way analysis of variance
(ANOVA) followed by Tukey’s posthoc-
test for comparison by GraphPad Prism 6.0
software, at a 95% level of significance. P <
0.05 was considered significant.
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Results

Characterization and quantification of
extracts

The extracts from E. pyriformis
leaves extracted by supercritical CO, and
ultrasound-assisted techniques have been
their content showed by Klein et al. (2018)
(10) and several compounds were detected,
as Squalene, Tetratetracontane, Vitamin E,
Octadecanal, p-Sitosterol, p-amyrin, and
a-amyrin. So, a liquid chromatography was
done and showed (Figure 1) great amounts
of B-amyrin and a-amyrin. For the extract
obtained by supercritical extraction (E1),
17.09 + 0.27% of a—amyrin and 54.58 +
0.09% of P—amyrin (mean £ SD of three
dosages) were quantified, very close to that
determined by HPLC for ultrasound-assisted

extract (E2), with 14.31 + 0.36% (o—amyrin)
and 62.72 + 0.50% (B—amyrin).

Antioxidant activity

(Table 1) lists the results of the DPPH
test performed with E. pyriformis extracts.
Analyzing the extracts with their respective
controls, we verified that with increasing
concentration of the extract, the percentage
of the antioxidant activity also increased,
demonstrated by the percentage values. It is
also verified that the positive control had higher
values from the concentration of 10 pug/mL in
E1, and the first concentration in E2, however,
no significant differences between the positive
control and its respective concentration in
the extract were detected, demonstrating its
antioxidant capacity.

Table 1. Percentage (+ SD) of antioxidant activity (DPPH method) of extracts obtained from E. pyriformis by supercritical CO, (E1)
and ultrasound-assisted (E2) extractions. Positive controls were a-tocopherol.

Concentration (ng/mL) E1 (AA%) Positive control (AA%) E2 (AA%) Positive control (AA%)
5 12.27 +£3.41 12.73 £3.45 9.45+2.13 12.04 +£2.21
10 16.02 +0.81 20.34+3.16 10.52 +£3.52 14.45 +2.06
15 17.99 +3.17 24.85+2.38 11.79 £2.22 21.86 + 1.40
50 22.81+0.83 27.34+0.64 18.57+2.28 23.49 +1.89
100 25.73+3.21 33.69 +3.66 21.76 £2.73 26.17+0.12
150 27.60 +3.31 37.30 +3.88 22.01+2.34 28.63 £3.22
175 28.3 7+3.07 38.06 +0.53 2391 +1.70 32294224
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Figure 1. Chromatogram showing extracts from E. pyriformis obtained by supercritical CO, (E1) (1a) and ultrasound-assisted (E2)

(1b) extractions.
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Anti-protozoa activity

(Figure 2a) illustrates the promastigotes
of L. amazonensis treated with the extract
obtained by supercritical extraction (E1), which
caused a decrease in the parasite number at all
concentrations tested. Significant differences
were found between negative control
(medium) and all tested concentrations of E1,
except for 10 pg/mL, after 96 h of contact.
Positive control (Glucantime®) at 175 ug/mL
showed no significant differences from E1 at
concentrations of 150 and 175 pg/mL. (Figure
2b) shows the action of E2 extract against
culture forms of L. amazonensis and a gradual
reduction in the number of parasites with
increasing concentration of the extract. All
the tested concentrations showed significant
differences from the negative control and
Glucantime® at 175 pg/mL did not decrease
significantly more than E2 at 150 and 175 pg/
mL. The IC,  was calculated for extracts and
El and E2 reached 5.98 pg/mL and 9.38 pg/
mL, respectively, the values more expressive
than that reached by Glucantime® (20.47 pg/
mL) (Table 2).

The activity against epimastigotes forms of
T. cruziis shownin (Figure 3) and demonstrates
that all tested concentrations of El1 extract
(Figure 3a), after 96h, differ significantly from
the negative control, reaching an inhibition rate
of 63.5% at the concentration of 175 pg/mL.
The E2 extract (Figure 3b) obtained a worst

Anti-protozoa activity of amyrin-rich extracts

performance than El, reaching a significant
difference from the negative control only in
the higher concentration (175 pg/mL), which
demonstrated an inhibition rate of 38.7%. The
IC,, to the extracts showed values of 5.56
and 34.34 to E1 and E2, respectively. The
benznidazole reached an inhibition rate of
93.3% at 50 pg/mL and an IC,  of 3.13 ug/mL
(Table 2).

Trypanocidal activity of the extracts
from E. pyriformis against T. cruzi infecting
forms was also tested, and the action of
El on trypomastigote can be verified in
(Figure 4a). After 24 h, the negative control
presented statistical differences from the
concentration of 175 pg/mL and the positive
control (benznidazole 50 pg/mL). This
extract obtained an LC, value of 16.69 ng/
mL, exhibiting moderate activity against
T cruzi trypomastigote when compared to
benznidazole (LC,, = 7.26 pg/mL). For E2
(Figure 4b), a significant difference was
verified when comparing the negative control
to all tested concentrations, except for 5 pg/
mL, after 24 h of contact. Benznidazole at 50
ug/mL did not present a statistical difference
from El1 at 175 pg/mL, indicating activity
against the parasite. LC, obtained by E2 (7.80
pg/mL) was very similar to that reached by
benznidazole, demonstrating a high activity of
this extract against infective forms of 7. cruzi.

Table 2. IC,, LC, and CC, data obtained from epimastigotes, trypomastigotes, and promastigotes forms and murine macrophages

treated with E1 and E2 extracts.

T. cruzi T. cruzi

L. amazonensis

Extracts Epimastigotes (96 h) Trypomastigotes (24 h)  Promastigotes (96 h) zlcaf:z)p:)gl;?ng]f; ST (epiy ST (rypoy ST (pro)
1Cs (ng/mL) LCso (ug/mL) 1Cso (ng/mL) A

El 5.56 16.69 5.98 >300 >5396 >1797 >50.17

E2 34.34 7.80 9.38 > 300 >8.74 >3846 >31.98

GLU 20.47 >300 > 14.66

BZN 3.13 7.26 > 300 >9585 >41.32

El: Extract obtained by supercritical CO, extraction from E. pyriformis leaves; E2: Extract obtained by ultrasound-assisted extraction
from E. pyriformis leaves; BZN: benznidazole (reference drug control to 7. cruzi); GLU: Glucantime® (reference drug control to

Leishmania). SI (selectivity index): CC, /IC, or LC,
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Cellular viability

The extracts of Uvaia, specifically the El
extract, had no interference in the viability of
the macrophages, showing low or null toxicity
to the cells (Figura 5a), still was showed
here that the solvent present in the extracts,
DMSO, also did not affect the viability of the
macrophages, being similar to the cells that
was incubated only in medium.

We also evaluated if the extracts could
have a selectivity action against the parasite
and yet not kill or interfere in the viability of
the host macrophages, to do so, we calculated
the selectivity index (SI) considering the CC_
and IC, values. Here the E1 extracts had a SI
of 50.1 to L. amazonensis parasites whereas to
the 7' cruzi epimastigotes the SI was 53.96 and
to the 7' cruzi trypomastigotes forms the SI
was 17.97 (Table 2). A safety Sl is considered
when the value is higher thant 10 (15).

The other extract, E2, the one obtained
by ultrasound-assisted extraction from E.
pyriformis, also did not affect the viability of
the macrophages, achieving rates close to the
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cells that were treated only with the medium
(negative control). The data also shows that
the DMSO presented in all the extracts did not
interfere in the survival of the cells, again.

Thus, when calculating the SI of the E2
extract, one could check that this extract had
a better SI than the one produced by the drug
Glucantime®. Altogether the E2 presented
a SI of over 31.98 against promastigote
of Leishmania and over 38.46 against
promastigotes of 7. cruzi, while Glucantime®
achieved a SI of over 14.66 and benznidazole
had a SI over 41.32. The SI of this extract
against the epimastigotes forms of 7. cruzi was
only over 8.74, a number that is not considered
satisfactory to a SI index.

Effects on murine macrophages

(Figures 5c¢ and 5d) show that murine
macrophages treated with E1 and E2 were not
abletoproduce NO, different from those treated
with LPS (positive control) and very similar
to medium and DMSO controls. Superoxide
production by macrophages treated with E1
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Figure 5. Cell viability (a, b) and nitric oxide (NO) production (c, d) of murine peritoneal macrophages treated with extracts Eugenia
pyriformis obtained by supercritical CO, (a, ¢) and ultrasound-assisted (b, d) extractions. *** indicate p < 0.001, relative to the

medium.
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and E2 was not altered (Supplementary file
Figure S1), demonstrating the same behavior
as the controls, even in the presence of PMA,
without interfering in the production process
of reactive oxygen species.

Discussion

The presence of amyrins in plants has been
detected from different sources as resins, bark,
pollen, or leaves. They were extracted isolated
or in a mixture, which seems to be less
common, with variations in the percentage of
both (16). When using solvent and differente
methods to extract the secondary metabolites
from the plants, it is usual to extract more than
one substance together (17) and this is what
happened here, which extracted amyrins but
with other components together.

The activity of amyrins has been
demonstrated by several studies, and some
fractions with different metabolites tested by
Frankenberger et al. (2018) (18) revealed an
interesting antiparasitic effect on intracellular
amastigotes of L. amazonensis and
trypomastigotes of 7. cruzi. The antiparasitic
activities of the fractions were better than
those of the semi-synthetic triterpenes
(prepared from three different reactions of
a-amyrin oxidation) and a-amyrin. This latter
result suggested a synergistic contribution of
the fraction constituents. Results presented
by Otuki et al. (2005) (19) showed that the
systemic administration of the triterpenes a
and B-amyrin via the spinal and supraspinal
pathways in mice produces pronounced
antinociception and is dose-dependent. Also,
this effect appears to be related to its ability
to interfere with the Protein kinase C and A
pathways.

Amyrins have demonstrated antioxidant
activity (20) when applied pure or in mixture
with other compounds, which is common in
plant extracts. DPPH is a stable nitrogen-
centered free radical, and its color changes
from violet to yellow when it is reduced by
either the process of hydrogen or electron-
donation. Substances that can perform this
reaction can be considered as antioxidants
and radical scavengers, and values obtained
by E1 and E2, very similar to a-tocopherol (a
powerful antioxidant) show the ability of these
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extracts in this direction. Victoria ef al. (2012)
(21) showed that the essential oil of the leaves
of Eugenia uniflora, the same genus of E.
pyriformis, obtained an antioxidant activity in
three different tests - DPPH method, 20-azino-
bis-ethylbenzthiazoline-6-sulfonic acid
(ABTS), and the Ferric Reducing Antioxidant
Power (FRAP).

A fraction containing terpenoids were tested
against L. donovani promastigotes and showed
significant growth inhibition, presenting
an IC = 18.75 pg/mL (22), similar to that
obtained by E2 but higher than that obtained
by El. This can be due to some metabolites
found in different plants providing different
results even then the extraction process is
the same. In some cases, the activity of the
extracts is remarkable, although generally not
as successful as the isolated compounds (23).

Studies with the action of amyrins on
Leishmania are scarce, but other species
of the genus Eugenia (E. uniflora and E.
umbeliflora) have their extracts tested against
L. amazonensis and showed antileishmanial
activity against promastigotes, but the
essential oil of the bark of E. uniflora was
inactive against promastigotes of L. donovani
(24).

Mwangi et al. (2010) (25) have revealed
that o-amyrin or P-amyrin exhibits low or
no activity, with an IC_, > 30 pg/mL, against
trypomastigote forms of 7. cruzi, when used
isolated. Other authors have investigated the
trypanocidal activity of amyrins and have
shown that pure compounds, including a and
B-amyrin, are inactive (26). Confirming that,
the use of mixtures of triterpenes may present
better biological activities than their isolated
compounds, which justifies the use of o and
B—amyrin together (27, 28). So, the activity
obtained in this study can be a synergistic
effect of these substances when together or
combined with the other compounds in the
extracts from the plants. No studies were
found showing amyrins against epimastigotes
of T. cruzi, but a hydroalcoholic extract from
Eugenia jambolana showed an IC, of 5 pg/mL
against epimastigotes from 7. cruzi (29), and
despite not being characterized, demonstrated
the potential of the genera, as evidenced by the
E1l and E2 from E. pyriformis.



Lima et al (2015) (30) demonstrated
the leishmanicidal activity of a diterpene
against promastigotes and amastigotes of
L. amazonensis, with SI of 625.0 pg/mL,
demonstrating that this molecule did not
cause cytotoxic effects on macrophages and
was highly selective for the parasite. Also,
it is important to conduct toxicity tests on
macrophages not only to determine SI but also
because Leishmania parasites inhabit these
cells (31).

The a and B-amyrin have low cytotoxicity
in normal mammalian cells (32, 33), which
confirms the data obtained by this study, in
which amyrin-rich extracts of E. pyriformis
did not show aggression to macrophages in-
vitro. Besides, these compounds were also
able to differentiate tumor cells from healthy
human cells, demonstrating selectivity in
another situation (34).

Nitric oxide (NO) is secreted at high
concentrations by macrophages as part of its
mechanism of toxicity against microorganisms.
In humans, the microbicidal activity of
NO released by macrophages is induced
by lipopolysaccharides (LPS) and by some
cytokines such as interferon (IFN-y). It is also
generated after activation of macrophage by
IFN-y and tumor necrosis factor (TNF) and, it
is very important to eliminate the intracellular
forms of Leishmania (35). This study agreed
with previous studies, which point out
both a and B-amyrins as anti-inflammatory,
antinociceptive, and analgesic substances,
being able to revert the cellular infiltrate in a
visceral or periodontal inflammatory process
and inhibit the production of NO, by inhibition
of inducible NO synthase (iNOs) (36—39). The
activity of NO responsible for the destruction
of intracellular forms of Leishmania and T.
cruzi would be compromised by the presence
of amyrins unless they exert direct intracellular
destruction without the use of the macrophage
phagocytic capacity. This suggests the
continuity of this study with the intracellular
forms of these parasites.

So, the extracts from E. pyriformis proved
to contain a great amount of a and B-amyrins,
demonstrating antioxidant, leishmanicidal, and
trypanocidal activities but were not capable
to stimulate immune cells, as demonstrated
herein. Further studies should be conducted
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with extracts of E. pyriformis to demonstrate
their abilities against intracellular forms of the
parasites and in-vivo models.

Acknowledgments

The authors would like to thank the
Brazilian funding agency: Coordenagdo de
Aperfeicoamento de Pessoal de Nivel Superior
(CAPES).

References

(1) Rassi Jr A, Rassi A and Marcondes de Rezende J.
American trypanosomiasis (Chagas disease). Infect.
Dis. Clin. North Am. (2012) 26: 275-91.

(2) Angheben A, Boix L, Buonfrate D, Gobbi F, Bisoffi
Z, Pupella S, G G and Aprili G. Chagas disease
and transfusion medicine: A perspective from non-
endemic countries. Blood Transfus (2015) 13: 540—
50.

(3) Desjeux P. Leishmaniasis: current situation and new
perspectives. Comp. Immunol. Microbiol. Infect.
Dis. (2004) 27: 305-18.

(4) Cunningham AC. Parasitic adaptive mechanisms in
infection by Leishmania. Exp. Mol. Pathol. (2002)
72:132-41.

(5) Canuto GAB, da Cruz PLR, Faccio AT, Klassen A
and Tavares MFM. Neglected diseases prioritized
in Brazil under the perspective of metabolomics: A
review. Electrophoresis (2015) 36: 2336-47.

(6) Cangado JR. Long term evaluation of etiological
treatment of Chagas disease with benznidazole. Rev.
Inst. Med. Trop. Sao Paulo (2002) 44: 29-37.

(7) Coura JR and De Castro SL. A critical review on
Chagas disease chemotherapy. Mem. Inst. Oswaldo
Cruz (2002) 97: 3-24.

(8) Da Silva BJM, Hage AAP, Silva EO and Rodrigues
APD. Medicinal the
Amazonian region and their antileishmanial activity:
areview. J. Integr. Med. (2018) 16: 211-22.

(9) Hernandez Viazquez L, Palazon J and Navarro
Ocafia A. The pentacyclic triterpenes o,B-amyrins:

plants from Brazilian

a review of sources and biological activities. In:
Phytochemicals-A Global Perspective of Their Role
in Nutrition and Health (2012) 487-502.

(10) Klein EJ, Santos KA, Palu F, Vieira MGA and da
Silva EA. Use of supercritical CO, and ultrasound-
assisted extractions to obtain o/f-amyrin-rich
extracts from uvaia leaves (Eugenia pyriformis
Cambess.). J. Supercrit. Fluids (2018) 137: 1-8.

(11) Arasu MV, Kim DH, Kim P II, Jung MW, Ilavenil
S, Jane M, Lee KD, Al Dhabi NA and Choi KC. In-
vitro antifungal, probiotic and antioxidant properties
of novel Lactobacillus plantarum K46 isolated from


https://pubmed.ncbi.nlm.nih.gov/?term=Gandini+G&cauthor_id=26513769
https://pubmed.ncbi.nlm.nih.gov/?term=Aprili+G&cauthor_id=26513769

de Souza JH et al. / 1JPR (2020), 19 (4): 343-353

fermented sesame leaf. Ann. Microbiol. (2014) 64:
1333-46.

(12) Reilly TP, Bellevue FH, Woster PM and Svensson
CK. Comparison of the in-vitro cytotoxicity of
hydroxylamine metabolites of sulfamethoxazole and
dapsone. Biochem. Pharmacol. (1998) 55: 803—10.

(13) Green LC, Wagner DA, Glogowski J, Skipper
PL, Wishnok JS and Tannenbaum SR. Analysis of
nitrate, nitrite, and [15N] nitrate in biological fluids.
Anal. Biochem. (1982) 126: 131-8.

(14) Bonatto SJR, Oliveira HHP, Nunes EA, Pequito D,
Iagher F, Coelho I, Naliwaiko K, Kryczyk M, Brito
GAP, RepkaJ, Saboia LV, Fukujima G, Calder PC and
Fernandes LC. Fish oil supplementation improves
neutrophil function during cancer chemotherapy.
Lipids (2012) 47: 383-9.

(15) Oryan A. Plant-derived compounds in treatment of
leishmaniasis. fran. J. Vet. Res. (2015) 16: 1-19.
(16) Hernandez-Vazquez L, Bonfill M, Moyano E,
Cusido RM, Navarro Ocafia A and Palazon J.
Conversion of o-amyrin into centellosides by plant
cell cultures of Centella asiatica. Biotechnol. Lett.

(2010) 32: 315-9.

(17) Cordeiro SZ, Simas NK, Arruda R do C de O and
Sato A. Composition of epicuticular wax layer
of two species of Mandevilla (Apocynoideae,
Apocynaceae) from Rio de Janeiro, Brazil. Biochem.
Syst. Ecol. (2011) 39: 198-202.

(18) Frankenberger L, Mora TD, de Siqueira CD,
Filippin-Monteiro FB, de Moraes MH, Biavatti MW,
Steindel M and Sandjo LP. UPLC-ESI-QTOF-MS?
characterisation of Cola nitida resin fractions with
inhibitory effects on NO and TNF-a released by LPS-
activated J774 macrophage and on Trypanosoma
cruzi and Leishmania amazonensis. Phytochem.
Anal. (2018) 29: 577-89.

(19) Otuki MF, Ferreira J, Lima F V, Meyre-silva C,
Muller LA, Cani GS, Santos ARS, Yunes RS and
Calixto JB. Antinociceptive properties of mixture
of a-amyrin and B-amyrin triterpenes: evidence for
participation of protein kinase C and protein kinase
A pathways. J. Pharmacol. Exp. Ther. (2005) 313:
310-8.

(20) Cardoso BK, de Oliveira HLM, Melo UZ,
Fernandez CMM, Campo CF de AA, Gongalves JE,
Laverde Jr A, Romagnolo MB, Linde GA and Gazim
ZC. Antioxidant activity of a and 3 -amyrin isolated
from Myrcianthes pungens leaves. Nat. Prod. Res.
(2020) 34: 1777-81.

(21) Victoria FN, Lenardao EJ, Savegnago L, Perin
G, Jacob RG, Alves D, Silva WP, Motta AS and
Nascente PS. Essential oil of the leaves of Eugenia
uniflora L: Antioxidant and antimicrobial properties.
Food Chem. Toxicol. (2012) 50: 2668-74.

352

(22) Bhattacharya S, Biswas M and Haldar P. The
triterpenoid fraction from Trichosanthes dioica

exhibits effect
against Leishmania  donovani  promastigotes.
Pharmacognosy Res. (2013) 5: 109. 12

(23) Scotti MT, Scotti L, Ishiki H, Ribeiro FF, Cruz RMD,
Oliveira MP and Mendonga Jr FJB. Natural products
as a source for antileishmanial and antitrypanosomal

root in-vitro  antileishmanial

agents. Comb. Chem. High Throughput Screen
(2016) 19: 537-53.

(24) Monzote L, Pifion A and Setzer W. Antileishmanial
potential of tropical rainforest plant extracts.
Medicines (2014) 1: 32-55.

(25) Mwangi ESK, Keriko JM, Machocho AK,
Wanyonyi AW, Malebo HM, Chhabra SC and
Tarus PK. Antiprotozoal activity and cytotoxicity
of metabolites from leaves of Teclea trichocarpa. J.
Med. Plants Res. (2010) 4: 726-31.

(26) Fournet A, Angelo A, Muifioz V, Roblot F,
Hocquemiller R and Cavé A. Biological and
chemical studies of Pera benensis, a Bolivian plant
used in folk medicine as a treatment of cutaneous
leishmaniasis. J. Ethnopharmacol. (1992) 37: 159—64.

(27) Crevelin EJ, Turatti ICC, Crotti AEM, Veneziani
CS, Lopes JLC, Lopes NP and Cunha WR.
Identification of biologically active triterpenes and
sterols present in hexane extracts from Miconia
species using high-resolution gas chromatography.
Biomed. Chromatogr. (2006) 20: 827-30.

(28) Gaertner M, Miiller L, Roos JF, Cani G, Santos ARS,
Niero R, Calixto JB, Yunes RA, Delle Monache F
and Cechinel-Filho V. Analgesic triterpenes from
Sebastiania schottiana roots. Phytomedicine (1999)
6: 41-4.

(29) Pizzolatti MG, Koga AH, Grisard EC and Steindel
M. Trypanocidal activity of extracts from Brazilian
Atlantic Rain Forest plant species. Phytomedicine
(2002) 9: 422-6.

(30) Lima GS, Castro Pinto DB, MacHado GC, Maciel
MAM and Echevarria A. Antileishmanial activity
and trypanothione reductase effects of terpenes
from the Amazonian species Croton cajucara Benth
(Euphorbiaceae). Phytomedicine (2015) 22: 1133-7.

(31) Walker DM, Oghumu S, Gupta G, McGwire BS,
Drew ME and Satoskar AR. Mechanisms of cellular
invasion by intracellular parasites. Cell. Mol. Life
Sci. (2014) 71: 1245-63.

(32) de Melo KM, de Oliveira FTB, Costa Silva RA,
Gomes Quinderé AL, Marinho Filho JDB, Aratjo
Al, Pereira EDB, Carvalho AA, Chaves MH, Raoe
VS and Santos FA. a, f-Amyrin, a pentacyclic
triterpenoid from Protium heptaphyllum suppresses
adipocyte differentiation accompanied by down
regulation of PPARy and C/EBPa in 3T3-L1 cells.


https://pubmed.ncbi.nlm.nih.gov/?term=Calixto+JB&cauthor_id=10228610
https://pubmed.ncbi.nlm.nih.gov/?term=Yunes+RA&cauthor_id=10228610
https://pubmed.ncbi.nlm.nih.gov/?term=Delle+Monache+F&cauthor_id=10228610
https://pubmed.ncbi.nlm.nih.gov/?term=Cechinel-Filho+V&cauthor_id=10228610

Biomed. Pharmacother. (2019) 109: 1860—6.

(33) Da Silva Janior WF, De Oliveira Pinheiro JG, De
Menezes DLB, De Sobral E Silva NE, De Almeida
PDO, Silva Lima E, da Veiga Jr VF, de Azevedo EP
and de Lima AAN. Development, physicochemical
characterization and in-vitro anti-inflammatory
activity of solid dispersions of a,§ amyrin isolated
from Protium oil resin. Molecules (2017) 22: 1512-
26.

(34) Maiyo F, Moodley R and Singh M. Phytochemistry,
cytotoxicity and apoptosis studies of B-sitosterol-
3-0-glucoside and B-amyrin from Prunus africana.
Afr. J. Tradit. Complement. Altern. Med. (2016) 13:
105-12.

(35) de Saldanha RR, MartinsPapa MC, Sampaio RNR
and Muniz-Junqueira MI. Meglumine antimonate
treatment phagocytosis and TNF-a
production by monocytes in human cutaneous
leishmaniasis. Trans. R. Soc. Trop. Med. Hyg. (2012)
106: 596-603.

(36) Melo CM, Morais TC, Tomé AR, Brito GAC, Chaves
MH, Rao VS and Santos FA. Anti-inflammatory

enhances

353

Anti-protozoa activity of amyrin-rich extracts

effect of a,f-amyrin, a triterpene from Protium
heptaphyllum, on cerulein-induced acute pancreatitis
in mice. Inflamm. Res. (2011) 60: 673-81.

(37) Aragao GF, Pinheiro MCC, Bandeira PN, Lemos
TLG and Viana GS de B. Analgesic and anti-
Inflammatory activities of the isomeric mixture of
alpha- and beta-amyrin from Protium heptaphyllum
(Aubl.) March. J. Herb. Pharmacother. (2008) 7:
31-47.

(38) Holanda Pinto SA, Pinto LMS, Cunha GMA,
Chaves MH, Santos FA and Rao VS. Anti-
inflammatory effect of o, B-Amyrin, a pentacyclic
triterpene from Protium heptaphyllum in rat model
of acute periodontitis.
(2008) 16: 48-52.

(39) Holanda Pinto SA, Pinto LMS, Guedes MA,
Cunha GMA, Chaves MH, Santos FA and Rao VS.
Antinoceptive effect of triterpenoid o,B-amyrin

Inflammopharmacology

in rats on orofacial pain induced by formalin and
capsaicin. Phytomedicine (2008) 15: 630-4.

This article is available online at http://www.ijpr.ir




	OLE_LINK1

