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ABSTRACT

The objective of this work was to test the bioactivity of the different extracts and fractions of the leaves of Plectranthus grandis
and to determine their lethal concentrations on Biomphalaria glabrata. For the bioassays, seven crude extracts obtained in soxhlet
extractor with organic solvents and five fractions were used by flash filtration chromatography. The bioassays were performed in
200mL glass and 24-well plates, using 1674 mollusks in the bioassays. The results showed that the 500mg/L beaker tests obtained
100% mortality rate for the crude extracts in hexane and dichloromethane and 93% for chloroform extract. In plaque tests, the
dichloromethane extracts the lowest CL,, = 318mg/L. The mortality rate with the fractions was 100% at a concentration of 300mg/L.
It was concluded that the tests performed on cups and plates showed significant results.
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INTRODUCTION

Schistosomiasis is a neglected tropical disease caused by
parasitic worms of Schistosoma genus. It is transmitted by
intermediate hosts Biomphalaria spp. This disease can impair
children’s ability to learn and cause anemia and rickets in children,
becoming one of the major public health problems [1,2]. According
to World Health Organization data, it suggests that over 200 million
people have been infected in 78 countries, including 52 endemic
countries located in Africa, the Middle East, the Caribbean and
South America, resulting in about 200,000 deaths per year [2].

The search for more effective molluscicides with less impact on
the environment and with lower cost has motivated the search for
plants as a source of possible molluscicidal substances [3]. Thus,
studies in past decades on plants with molluscicidal activity did
not go forward. There are currently several studies that investigate
plants with this potential, and yet they present themselves as a

better strategy in relation to synthetic products [4,5]. Numerous
plant species were evaluated for molluscicide activity, and some
were recognized for showing activity on molluscs. However, to
date, there are no reports in the literature about this activity with
Plectranthus grandis (L.H. Cramer) R.H. Willemse. The Plectranthus
genus belongs to the Lamiaceae family. This genus includes about
three hundred (300) species distributed throughout the tropical
and warm regions of the world with the African continent, India,
and Australia [6]. Plectranthus genus was being considered as a
plant of the future for its economic potential in various sectors of
horticulture, floriculture, ethinobotany, traditional medicine and
biology [7].

At moment, there is no product based on natural products
for the control of schistosomiasis intermediate host molluscs,
and there is no mention in the literature about the molluscicidal
activity of Plectranthus grandis. Considering the popular use of
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this plant in several countries and in Brazil, it was decided to study
the plant extracts of this species as an alternative in the control of
intermediate hosts of schistosomiasis.

MATERIALS AND METHODS
Plant Material

Plant material collection and processing: Plectranthus
grandis (L.H. Cramer) RH. Willemse was collected in the
municipality of Cabo Frio, Rio de Janeiro State, Brazil. The collection
was held in 2016 at coordinates S 222 37 ‘26’ and W 422 01 ‘19"
Dr. Ray Harley of the Royal Botanical Gardens of Kew properly
performed identification and classification at the Botanical Garden
of Rio de Janeiro, R]. The identified species was deposited in the
Rio de Janeiro Botanical Garden herbarium under the number RB
762521.

Assays: Preparation of extracts and biological tests: The
Laboratory for Evaluation and Promotion of Environmental Health
of the Oswaldo Cruz Institute - Fiocruz, prepared and performed
the tests with extracts and fractions of Plectranthus grandis (L.H.
Cramer) R.H. Willemse leaves.

Mollusks: Biomphalaria glabrata, from the Sumidouro
neighborhood located in the city of Rio de Janeiro, R], with sizes
between 10mm-12mm in shell diameter. The creation of the
molluscs was according to Paraense [8], performed at Lauro
Travassos Pavilion/I0C/FIOCRUZ.

Extracts and fractions preparation: Plectranthus grandis
leaves were Kkiln dried and crushed in a blender. A mass of 10g
of the powder was extracted by exhaustion in a soxhlet extractor
with organic solvents, hexane, dichloromethane, chloroform, ethyl
acetate, acetone, ethanol, and methanol to obtain the crude extracts.
To obtain the fractions, a crude ethanolic extract was prepared with
the leaf powder of Plectranthus grandis, as recommended by Kawai
et al. [9] and Makino et al. [10]. he obtained extract followed the
same procedure described above. 1.0916 g of the crude extract in
ethanol was used for flash filtration chromatography with polar
and medium polar solvents to eliminate grease and fat following
the usual course, i.e., treatment with hexane, dichloromethane,
ethyl acetate, acetone, and ethanol.

High performance liquid chromatography profiling of fractions
of ethanol extract of P grandis leaves. The tests to identify the
structures of the substances in the plant with the extract and
fractions obtained, employed techniques of identification and
characterization of the constituents through techniques of chemical
and physicochemical reactions of adsorption or partition, in open
column and reverse phase-HPLC. liquid) in accordance with
the polarity conditions of the material subjected to subsequent
purification steps. Samples of ethanol extract fractions and
standards were prepared in the Farmanguinhos Technology
Platform - FIOCRUZ. Using a given mass of sample, the 1mg/L
ethanol solvent was added, which was vortexed and ultrasonically
washed for 3min. It was then diluted 1:10 in water and filtered
through a 0.22pm PVDF membrane and injected.

Samples were analyzed by high performance liquid
chromatography (NEXERA XR LC-20 model, Shimadzu, Kyoto,
Japan) with a matrix detector diode (SPD-M20A) and an automatic
injector (SIL-20ADXR). The analysis was performed on a Raptor
ACR-C18 Column-2.7um and id LC 254, internal diameter-2.1mm
and the solvents followed system conditions with a flow rate
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of 0.5mL/min. Were used: (A) 0.2% aqueous formic acid and
(B) acetonitrile. High performance liquid chromatography was
monitored at 255nm. Quercetin, rutin and catechin were used as
standards. They were purchased from Sigma-Aldrich® to compare
their chromatograms with chromatographic analyzes of fractions,
ethanol extract, P grandis leaves. The chromatogram peaks of
the fractions were compared by their retention times with the
reference standards.

Concentrations: Concentrated solutions were initially
prepared for each crude extract and for each fraction obtained.
Dissolutions were performed in dimethyl sulfoxide (DMSO) PA.
Aqueous solutions of the extracts and / or fractions were diluted to
concentrations: 50mg/L, 100mg/L, 150mg/L, 200mg/L, 300mg/L,
400mg/L and 500mg/L, 600mg/L, 700mg/L, 800mg/L, 900mg/L
and 1000mg/L.

Bioassays

First bioassay-in glasses: The tests were performed in glass
with a capacity of 200mL. For each type of crude extract and for
each bioassay, two negative control groups (one containing only the
diluent, distilled water and the other with dimethyl sulfoxide, 1%
aqueous solution); a positive control with 2mg/L Niclosamide®
solution; and the experimental groups (solutions with extracts)
were used. Three glasses with 5 snails per cup were used, making a
total of 15 animals with a final volume of 200mL per cup. During this
period, the snails were exposed for 48 hours to the concentrations
of the different extracts and were prevented from surfacing after
placing a Styrofoam shield. All tests were performed with three
repetitions, totaling 150 molluscs per extract.

Second and third bioassays-in 24-well plates: The tests were
performed in 24-well plates using the methodology of Santos et al.
[11] where 10-12mm B. glabrata mollusks were individualized in
the wells of the 24-well plate. Were exposed to negative controls
(water and 1% DMSO), positive control (Niclosamida® 2mg/L)
and concentrations of different crude extracts, for a final volume of
2mL per well, with N=3 per concentration. In bioassays, the snails
were exposed for 48 hours, and all tests were performed with three
repetitions, totaling 117 animals per extract.

In the third bioassay, the same procedure above was used to
verify the bioactivity of the hexane, dichloromethane, ethyl acetate,
acetone, and ethanol fractions of the ethanol extract of P. grandis
leaves. All tests were performed with three repetitions, totaling 72
animals per fraction.

Identification of dead mollusks in bioassays: After the
exposure period of 48h, the identification of dead mollusks was
performed by observing the appearance of the shells, lack of
mobility, odors, soft part retraction, hemolymph release and
abnormally projected cephalopod mass outside the shell [6].

Statistical Analysis

Statistical analysis of the results was performed by arithmetic
mean * standard deviation. The average of the treated groups was
compared with the control group by analysis of variance (ANOVA),
linear regression analysis using the Graph Pad Prism 4 program.
The dose response between deaths was calculated using the
Excel equation of the scatterplot. The difference was considered
significant when p<0.05.

RESULTS AND DISCUSSION
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The genus Plectranthus is being considered as a plant of the
future for its economic potential in various sectors of horticulture,
floriculture, ethinobotany, traditional medicine and biology [6]. To
date, there is no product on the market for natural plant products
to control schistosomiasis intermediate host molluscs, considered
a neglected disease, and there is no mention in the literature on
molluscicidal activity using different types of extracts and fractions
from P grandis in cambate to schistosomiasis, which can be extended
to other trematodes of medical and veterinary importance [12,13].

Plant Extracts and Fractions

The yields obtained from the extracts were: hexane extract=
6.65%; dichloromethane extract=10.37%; chloroform extract
=9.57; ethyl acetate extract=13.01; acetone extract=14.56%;
ethanol extract = 52.03% and methanol extract=21.15%. The
literature reports the major chemical composition of leaf oil for
Plectranthus grandis, with presence of a-Copaeno, $-Bourbonene,
trans Caryophyllene, Germacrene-D, a-Zingiberene, -Bisabolene,
Isobornyl 2-methylbutyrate and A-Cadinene [2]. In the study by
Bandeira et al. [14], the composition of the essential oil of four
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species of the genus Plectranthus was evaluated, being considered
the Lamiaceae family one of the richest in essential oils. The authors
used dried leaves and extracted by hydrodistillation in Clevenger
apparatus and obtained an essential oil yield of 0.09% for P. grandis.
In the work developed by the group, we did not obtain the essential
oil of the leaves, but we obtained different crude extracts with polar
and nonpolar solvents, using the soxhlet extractor until complete
exhaustion, because we wanted to obtain a greater amount of
extract for the biological tests.

High Performance Fraction Liquid Chromatography
Profile

Sequential flash filtration chromatography of the ethanol extract
of P grandisleaves using different organic solvents was employed as
a strategy to separate and characterize their chemical constituents.
This process allowed an adequate separation of the substances, to
facilitate the possible localization of active principles responsible
for their activity. High performance liquid chromatography profiles
of quercetin, rutin and catechin standards were obtained at 255nm
(Figure 1).
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Figure 1: High-performance liquid chromatograms of pattern: A-Quercetin; B-Rutin; C-Catechin.
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The Figure 1 shows the chromatograms of the standards: showed retention time at peak 11, 6.58min and at peak 6, retention
. ) . ) ) time of 6.62, respectively, with similarity for quercetin.
(A) quercetin, which showed two peaks in retention times
(tR), in minutes of 6.63min and 8.66min, respectively; (B) rutin, The results of the first bioassay showed that at the concentration
which showed four peaks at times 6.78min, 7.05min, 7.36min and of 500mg/L in a period of 48 hours, there was 100% mortality for
7.93min respectively; and (C) catechin, which presented only a the hexane (Hex) and dichloromethane (DcM) extracts; 93.4 %
retention peak, in the time of 5.7 1min. for the chloroform extract (ECCI3); 20 % for ethyl acetate extract
. . ) (EAcO); and 13.4 % for the acetone (EAaceto), ethanol (EEtOH) and
The results.of the chromatographic ana1y51s. of Fhe fractions methanol (EMeOH) extracts (Table 1). Studies on the molluscicidal
were also obtallned at ?55nm and ar.e shown in F¥gu.re 2 The effect of Cymbopogon winterianus Jowitt (Poaceae) essential oil on
chromatographic analysis showed an important variation in the . . .
iff ° file £ Lymnaea columella and Biomphalaria tenagophila was conducted
detected peaks, probably due to a di eretnt chemical profile for by Costa et al. [15]. In addition, they used the essential oil extracted
each fraction. The hexane and acetone fractions of the plant showed .
) . ) i - from fresh leaves using the Clevenger system. The authors used
in their chromatograms, at peak 4, retention time (tR) of 7.06min . . .
d I . ) ¢ . ith similariti h concentrations ranging from 10mg/L to 100mg/L in the tests and
an ) at peak 7, retentlon. t1me' 0 '6.77m1n, with similarities to the obtained a 100 % mortality rate at the concentration of 80mg/L for
rutin standard. The fractions in dichloromethane and ethyl acetate B. tenagolhila
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Figure 2: High-performance liquid chromatograms of fractions: A-Hexane fraction; B-Dichoromethane fraction;
C-Ethyl acetate fraction; D-Acetone fraction; E-Etanolfraction.
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Table 1: Biomphalaria glabrata Mortality and Lethal Concentration (CL50) in different crude extracts of Plectranthus
grandis leaves. First glass bioassay.

Concentrations Hex. E. Fo DcM. Fo CCl,. E. Fo AcO. E. Fo Aceto. E. Fo EtOH. E. Fo MeOH. E. Fo
(mg/L) Deaths % Deaths % Deaths % Deaths % Deaths % Deaths % Deaths %
Water 0+0 0 0+0 0 0+0 0 0+0 0 0+0 0 0+0 0 0+0 0

DMSO 1% 0+0 0 0+0 0 0+0 0 0+0 0 0+0 0 0+0 0 0+0 6.6
NCL 2mg/L 5+0 100 5+0 100 5+0 100 5+0 100 5+0 100 5+0 100 5+0 100
50 0+0 0 0.33+0.58 6.6 0+0 0 0+0 0 0.33+0.58 | 6.6 0+0 0 0+0 0
100 0+0 0 0+0 0+0 0+0 0 0.33+0.58 | 6.6 0+0 0 0+0 0 0+0 0
150 0+0 0 0+0 0+0 0+0 0 0+0 0 0+0 0 0+0 0 0+0 0
200 0+0 0 1+0 20 0+0 0 0+0 0 0+0 0 0.33+0.58 | 6.6 | 0.33+x0.58 | 6.6
300 0+0 0 0.67+1.15 13,4 1+0 20 2.33+2.52 | 46,6 0+0 0 0+0 0 0+0 0
400 0+0 0 3.67+2.31 73,4 3+2 60 1.33+1.53 | 26,6 1+0 20 | 0.33+0.58 | 6.6 | 0.33+0.58 | 6.6
500 5+0 100 5+0 100 4.67+0.58 93,4 1+0 20 | 0.67£1.15 | 13,4 | 0.67+1.15 | 13,4 | 0.67+1.15 | 134
CL50 339.4 299.4 364.4 498.5 483.5 3985 0
Pvalue 0.049 0.0638 0.0099 0.0022 0.0124 0.0703 0.06

DMSO: Dimethyl Sulfoxide; NCL: Niclosamide®; SD: Standard Deviation; Hex.E.Fo: Hexane Extract of Leaves, DcM.E.Fo:
Dichloromethane Extract of Leaves; CCl,.E.Fo: Chloroform extract of leaves; AcO.E.Fo: Ethyl Acetate Exiract of Leaves;
Aceto.E.Fo: Acetone Exiract of Leaves; EfOH.E.Fo: Ethanol Extract of Leaves; MeOH.E.Fo: Methanol Extract of Leaves. The
CL,, were calculated by the Nonlinear Regression Analysis for Dose - Response, using the Graph Pad Prism 5 program,

P=Probability, by Linear Regression Analysis, presented P<0
three replicates. Number of animals per concentration (N=5

As there is no record in the literature on the use of P grandis
showingbiological activity on intermediate hosts of schistosomiasis,
we used, in the first moment, glass tests, in concentrations ranging
from 50mg/L to 500mg/L, and we obtained CL,, above 299mg/L for
crude leaf extracts. The results of the Lethal Concentrations (CL,,)
glass tests obtained with the crude leaf extracts of P. grandis on B.
glabrata. It was only possible to determine the CL, for the glass
crude extracts, which was above 300mg/L, except for the methanol
extract that could not calculate the CL (Table 1).

The statistical results of the tests on glasses with crude
extracts in hexane, dichloromethane, chloroform, and ethanol from
P. grandis leaves on B. glabrata, evaluated by linear regression
analysis, showed values of p=0.0099, p=0.0022, p=0.0124 and p
=0.049, respectively and the results are shown in Table 1. When we
performed the linear regression analysis on the tests, we observed
that four crude extracts were significant. The work developed by
Costa etal. [15], showed that the authors did not perform statistical
analysis. Table 2 shows the average mortality of B. glabrata in
24-well plates with different concentrations of P. grandis crude
extracts performed in the second bioassay. The extract in hexane,
with 500mg/L, presented mortality of 55.67%, and with 600mg/L
presented mortality of 100%. For the dichloromentane extract,
the death rate was 77.7% with 500mg/L, and 100% above this
concentration.

For chloroform extract, the initial death rate was 11% at
a concentration of 600mg/L and the final rate was 100% with
800mg/L. The initial mortality rate found in the ethyl acetate
extract was 11% with 500mg/L. The acetone extract had an initial
death rate of 11% with 700mg/L, and the methanol extract had an
initial death rate of 22.3%. The ethanol extract showed no mortality.

In plaque tests, the acetone extract had the lowest CL. =
130mg/L and the dichloromethane extract the lowest CL,=
318mg/L. For the ethanol extract in plaque, it was not possible to
calculate the CLs (Table 2).

.05, Significant, P>0.05, Not Significant. Test performed with
).

The second step involved the use of the 24-well plate test for
crude extracts and ethanol extract fractions of the plant leaves.
The crude extracts in hexane and dichloromethane of the leaves
presented 100% mortality rate with 600mg/L, being possible to
calculate the CL,, and CL,. In the plaque test, the crude extract
with the lowest CL,, was the dichloromethane extract, with CLy,
=318mg/L. Table 2 highlights the statistical results of 24-well plate
tests with crude extracts of P. grandis leaves on B. glabrata by Linear
Regression analysis. It shows that the hexane, dichloromethane,
and chloroform extracts were significant within 48h of exposure.

Table 3 shows the results of the third bioassay, with the
average mortality of B. glabrata in 24-well plates with different
concentrations of Pgrandis leaf fractions. This Table 3 shows that
the fractions in hexane, dichloromethane, ethyl acetate and ethanol
were significant when analyzed by linear regression analysis. Table
3 shows the results of the plaque tests of Lethal Concentrations
(CL,, and CL, ) obtained from fractions of P. grandis leaves on B.
glabrata.

The fractions with the lowest CLs were the acetone fractions
of the leaves, with CL,=101.52mg/L and the CL,=179.96mg/L,
and the ethanol fraction of the leaves, with CL,=106.56mg/L and
CL,,=188.21mg/L. With the positive results of bioactivity with the
crude extracts, we started to fractionate the crude ethanol extract
of the leaves, to evaluate the action of the fractions on B. glabrata
in expectation of obtaining lower CL's than those obtained in the
crude extracts. Through the tests with the fractions, it was possible
to calculate the CL., and CL,, for each fraction and the ones that
presented lower CL,, were the acetone and ethanol fractions of the
leaves, with CL,;=179.96 and CL,,=188.21, respectively.

Our work corroborates those observed by Santos et al. [11]
who tested the molluscicidal activity of Physalis angulata extracts
and fractions on B. tenagophila and obtained CL,=201.2mg/L
for the leaf physaline pool. Santos et al. [16] used mollusks with
a shell diameter of 6-10mm to verify the molluscicidal activity
of P angulata and 10-12mm in the work of a new technique to

@ 2021 Open Access Journal of Biomedical Science

1212 Open Acc J Bio Sci. October- 4(6): 1208-1214




José Augusto Albuquerque Santos Research Article

evaluate molluscicidal activity using low volumes. Otarigho [17], Biomphalaria pfeifferi, used adult animals with shell size between
studying the molluscicidal effect of Cymbopogon citratus leaves and ~ 6-8mm, obtaining CL,=159.47 mg/L for ethanolic extract and
aqueous extracts against the different stages of development of  CL,=254.92mg/L for aqueous extract.

Table 2: Mortality and Lethal Concentrations for Biomphalaria glabrata in different crude extracts of Plactranthus grandis
leaves in 24-well plates.

Concentrations Hex. E. Fo DcM. Fo CCl,. E. Fo AcO. E. Fo Aceto. E. Fo EtOH. E. Fo MeOH. E. Fo
(mg/L) Deaths % Deaths % Deaths % Deaths % Deaths % Deaths % Deaths %
Water 0+0 0 0+0 0 0+0 0 0+0 0 0+0 0 0+0 0 0+0 0

DMSO 1% 0+0 0 00 0 0+0 0 0+0 0 0+0 0 0+0 0 0+0 0
NCL 2mg/L 2+1 67 2+1 67 3+0 100 3+0 100 3+0 100 0+0 0 2+1 67
100 0+0 0 0+0 0 0+0 0 0+0 0 0+0 0 0+0 0 0+0 0
200 0+0 0 0+0 0 0+0 0 0+0 0 0.33+0.58 | 11 0+0 0 0+0 0
300 0+0 0 0+0 0 0+0 0 0+0 0 0+0 0 0+0 0 0+0 0
400 0+0 0 1+1 33,3 0+0 0 0+0 0 0+0 0 0+0 0 0+0 0
500 0.67+0.58 55.67 2.33+0.58 77.7 0+0 0 0.33+x0.58 | 11 0+0 0 0+0 0 0+0 0
600 2+1 67 3+0 100 0.33+0.58 11 0+0 0 0+0 0 0+0 0 | 0.67+0.58 | 223
700 3+0 100 3+0 100 2.33+1.15 | 77.7 0+0 0 0.33+1.58 | 11 0+0 0 0+0 0
800 3+0 100 3+0 100 2.67+0.51 89 0+0 0 0+0 0 0+0 0 0+0 0
900 3+0 100 3+0 100 3+0 100 | 0.67+0.58 | 22.3 | 0.33+0.58 | 11 0+0 0 0+0 0
1000 3+0 100 3+0 100 3+0 100 0+0 0 0+0 0 0+0 0 0+0 0
CL50 200 150 269.04 185 130 0 216.67
CL90 392 318 457.61 413 514 0 576.67
Pvalue <0.0001 <0.0001 0.0004 0.2572 0.5683 0 0.7699

DMSO: Dimethyl Sulfoxide; NCL: Niclosamide®; SD: Standard Deviation; Hex.E.Fo: Hexane Extract of Leaves, DcM.E.Fo:
Dichloromethane Extract of Leaves; CCl,.E.Fo: Chloroform extract of leaves; AcO.E.Fo: Ethyl Acetate Exiract of Leaves;
Aceto.E.Fo: Acetone Extract of Leaves; EfOH.E.Fo: Ethanol Extract of Leaves; MeOH.E.Fo: Methanol Extract of Leaves. The
CL,, were calculated by the Nonlinear Regression Analysis for Dose - Response, using the Graph Pad Prism 5 program,
P=Probability, by Linear Regression Analysis, presented P<0.05, Significant, P>0.05, Not Significant. Test performed with
three replicates. Number of animals per concentration (N=5).

Table 3: Mortality and Lethal Concentrations for Biomphalaria glabrata in different crude extracts of Plactranthus grandis
leaves in 24-well plates.

Concentrations Hex. E. Fo DcM. Fo AcO. E. Fo Aceto. E. Fo EtOH. E. Fo
(mg/L) Deaths % Deaths % Deaths % Deaths % Deaths %
Water 0+0 0 0+0 0 0+0 0 0+0 0 0.67+0.58 22.33

DMSO 1% 3+0 100 3+0 100 30 100 30 100 3+0 100
NCL 2mg/L 0.33+0.58 11 0.33+0.58 11 0.33+0.58 11 0+0 0 0.33+0.58 11
50 0+0 0 0+0 0 0.33+0.58 11 0+0 0 0+0 0
100 0+0 0 0.67+0.58 22.33 0.33+0.58 11 0.33+0.58 11 0.67+1.15 22.33
150 1,33+1.15 44.33 0.67+0.58 22.33 0+0 0 1.67+1.15 55,7 2.67+0.58 89
200 2,33+0.58 77.66 2.67+0.58 89 2.33+1.15 77.7 3+0 100 3+0 100
300 3+0 100 3+0 100 1.67+1.15 55.7 30 100 3+0 100
CL50 167.12 134.71 245.34 101.52 106.56
CL90 270.56 239.97 432.84 179.96 188.21
P value 0.0044 0.0074 0.0889 0.0076 0.0288

DMSO: Dimethyl Sulfoxide; NCL: Niclosamide®; SD: Standard Deviation; Hex.E.Fo: Hexane Exiract of Leaves, DcM.E.Fo:
Dichloromethane Extract of Leaves; AcO.Fr.Fo: Ethyl Acetate Fraction of Leaves; Aceto.Fr.Fo: Acetdne fraction of leaves;
EtOH.Fr.Fo: Ethanol fraction of leaves. Test performed with three replicates. Data of 48h of test. Analysis by mean, standard
deviation and linear regression. P=Probability, P> 0.05, not significant and P<0.05, significant. The CL,, and CL,, were
calculated by the equation of the straight line of the scatter plot obtained in the Excel Program. Number of animals per
concentration (N=3).
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The work of Aradjo et al. [18] on the use of nanoemulsion
containing essential oil from Xylopia ochrantha Mart. producing
molluscicidal effects against different species of Biomphalaria, they
used the previously obtained CL,,, CL., and CL,, for B. glabrata to
perform the tests with different species and different shell sizes.

In our study, we did not use different species of mollusks and
differentshell sizes,because asthere were noreportsintheliterature
about the use of P grandis showing activity against schistosomiasis
intermediate hosts, we decided to use only B. glabrata species,
as more susceptible to infection, as a standardization for activity
verification.

These bioactivity results will be followed by further
investigations with prospects for studies on other vector species
of veterinary interest, their larval and embryonic forms, whose
concentration can be enhanced with the use of nanoemulsions and/
or plant fractions.

CONCLUSION

It can be concluded that with the results obtained with the
tests performed in 24 well cups and plates for the 7 types of crude
extracts and 5 fractions of P. grandis, this species can be considered
as a promising molluscicide for presenting significant results,
showing the presence of bioactivity of extracts and fractions of P.
grandis leaves in the control of schistosomiasis.
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