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Fishing is of great importance for the planet's food
security, but it has been insufficient to meet world
demand. Some fish stocks are at risk of depletion,
particularly those of species of great economic value
[1,2]. Thus, cultivation appears as an opportunity to meet
these needs, becoming an important source of quality
animal protein for human consumption.

However, any animal production enterprise is susceptible,
regardless of the cultivation conditions, to the occurrence
of problems related to health. Specifically, for the case of
fish, there are many risks of infections, since pathogens
are characterized by their opportunism, constituting a
gateway to secondary infections with high mortalities and
loss of the entire squad [3]. This picture is also present in
the state of Rondonia, where despite leading the ranking
in the production of Amazonian fish (especially
Tambaqui) and the third place when analyzing the
production of farmed fish, according to the Anuario
PEIXE BR 2021, studies related to health in fish farming
are incipient, mainly diseases and parasites [4], both on
causal agents, predisposing agents and pathological
aspects, as well as the development of protocols that
establish the experimental infestation of the main
parasites that affect fish species.

Considering that there are gaps related to ways of
controlling infestations caused by Perulaernea gamitanae
and Neoechinorhynchus buttnerae [5], economically
important due to their impact on fish farming in
Rondénia, especially Tambaqui [6,7], as well as the lack
of knowledge about natural products of plant origin with
antiparasitic potential, it is necessary to survey RFG
(phytogenetic resources), phytochemical prospecting and
evidence of associated cytotoxicity and efficacy.

Alternative products (herbal medicines, bioproducts) are a
viable solution, as their use as an antiparasitic can: i)
drastically reduce the use of chemotherapeutics and
antimicrobials in fish farming, reducing production costs;
i) eradicate present parasites; iii) prevent the emergence
of parasites and bacteria resistant to commonly used
products, and also iv) minimize negative impacts on the
environment [8,9].

Therefore, the aim of this research was to obtain extracts
of species from the Rondoénia flora with antiparasitic
potential mainly for fish, which, once used, could

reposition the state of Rondonia as a major producer of
native fish at the national level, in the near future.

After each collection excursion (2021,2022) the materials
were sent to the Animal Production Laboratory on the
campus of the Federal University of Ronddnia, located at
Rua da Paz, 4376, Lino Alves Teixeira neighborhood, in
the city of Presidente Médici, Brazil. In the laboratory,
the plant samples were weighed, washed in running water
and subjected to pre-drying at a temperature of 55°C for
96 hours in a ventilated oven. After this period, the
samples were crushed in a blender, sieved and macerated
in a solvent (ethanol or methanol) for 20 minutes,
remaining in the solution for 48 hours.

At the end of this period, compounds were filtered three
times on filter paper to remove the solid material. The
filtrate was subjected to drying in a rotary evaporator,
under reduced pressure at a temperature of 78°C for
evaporation, until the total solvent elimination, remaining
in the container only the crude extract (EB), which was
dried in a desiccator, deposited in plastic bottles and
weighed on an analytical balance. For phytochemical
prospection, the butanolic, hexane and aqueous extracts
were prepared, performing the following tests adapted
from Matos [10]:

i) The phytochemical tests on butanolic, hexane and
aqueous extracts for phenols and tannins procedure: three
drops of ferric chloride solution were added to 3 ml of the
extract, shaking well and observing any color variation or
precipitate formation. A blank was prepared for
comparison. Interpretation of results: variable color
between blue and red, indicates the presence of phenols;
dark precipitate with a blue hue indicates the presence of
pyrogallic tannins; green precipitate indicates the
presence of phlobaphene tannins.

ii) Phytochemical tests in aqueous extract for
anthocyanins, anthocyanidins and flavonoids. Procedure:
3 ml of extract were added to three test tubes; acidified a
tube to pH 3 with 3 drops of HCI, alkalized a tube to pH
8.5 with 3 drops of NaOH, and alkalized a tube to pH 11
with 8 drops of NaOH. Interpretation of results: possible
changes observed in coloration were correlated with the
presence of constituents or secondary metabolites, as
shown in table 1.



Coloration/average
Constituents pH pH pH
3.0 8.5 11
Anthocyanins and anthocyanidins ~Red  Lilac  Blue-Purple
Flavones, flavononols, xanthones - - Yellow
Chacons and auronas - - Red Purple
Flavonols - - Orange Red

iii) Phytochemical tests in aqueous extract for saponins.
Procedure: 3 ml of extract, 5 ml of deionized water and 2
ml of chloroform were added into a test tube. Then,
common filtration was performed, and it was stirred well
for 3 minutes. Interpretation of results: Persistent foaming
is indicative of the saponins presence.

iv) Phytochemical tests on hexane extract for alkaloids.
Procedure: for each extract, three test tubes were used,
containing 4 ml of the respective extract. In tube 1, three
drops of Dragendorff's reagent (potassium iodine
bismuthate) were added; in tube 2, three drops of Hager's
reagent (saturated picric acid solution); in tube 3, three
drops of Meyer's reagent. Interpretation of results: the
formation of a flocculous precipitate in at least two tubes
is indicative of alkaloids.

v) Phytochemical tests on butanolic extract for cyanidins.
Procedure: 0.5 ml of concentrated HCI and 0.5 cm of
magnesium tape (Mg) were added to a test tube
containing 4 ml of extract solution. Interpretation of
results: the appearance or intensification of an orange to
red color in the solution, indicates the presence of
flavonols, flavons, flavononols and/or xanthones.

To evaluate the cytotoxicity of each plant extract against

A. salina, 1000ml of 35% saline solution was initially
prepared for cyst incubation, which were exposed to
artificial lighting (60W incandescent lamp) for 24 hours,
until outbreak. To carry out the bioassays, a new 35%
saline solution was prepared; later, 3% of Tween80 was
added, for a better extract/water interaction. The extracts
were weighed with fractions of 1, 10 and 100 pg.ml™.
Each extract sample was added in triplicate in test tubes
containing 10 ml of saline/Tween solution, each tube
receiving ten specimens of A. salina nauplii. For
comparison, control treatment was prepared under the
same conditions; however, without the presence of
extract. The tubes containing the samples were kept under
artificial lighting for 24 hours at room temperature.

After this period, the number of live and dead nauplii
exposed to each extract was counted, determining the
percentage of mortality. Those organisms that showed
movement when observed close to the light source for ten
seconds, were considered alive. The LC50 (average lethal
concentration for 50% of the test population) of each
extract was determined, at a critical significance level of
95%. A. salina was used due to its traits, according to
Nascimento et al. [11], reduced tolerance to
environmental alterations and high specificity to external
interferences, guaranteeing, therefore, the expression of
clear results through small variations of environmental
quality.

Faced with the need to develop fish farming as an
economically and environmentally sustainable activity,
the adoption of natural sanitary measures certainly
represents an important option for combating and
preventing diseases and infestations. In this sense, the use
of alternative techniques that can be easily implemented
and executed by fish producers, deserves attention.

In plants, primary metabolism is conservative and
universal. In turn, secondary metabolism products,
common to taxonomic groups, or exclusive to a given
species, offer advantages for the plant maintenance and
development that synthesize them, including defense
processes against pathogens and herbivores, attraction of
pollinators, temperature tolerance extreme conditions,
adaptation to water stress or nutrient and mineral
deficiency in the soil. Such products correspond to herbal
medicines, that is, those substances obtained exclusively
from active vegetable raw materials, with safety and
efficacy supported by scientific evidence and which, in
addition, present constancy in their quality. They
comprise three main groups: terpenes (such as
carotenoids and saponins), phenolic compounds (here
include flavonoids-anthocyanins, anthocyanidins,
cyanidins, flavones, isoflavons, flavonols, flavononols,
xanthones, etc., and condensed and hydrolysable tannins)
and, finally, nitrogenous compounds (such as alkaloids,
cyanogenic glycosides, glucosinolates and non-protein
amino acids).

Herbal medicines with activity for the treatment of
bacterial diseases and parasitic infestations of humans and
animals have been described for centuries [12]. In the
present study, taking as reference a survey of genetic
resources of the Rondonia flora with potential
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antiparasitic properties, in which, 54 species were listed, metabolites identified, according to the phytochemical
20 were selected for phytochemical prospecting and 25 tests, in extracts of 20 species of the Rondbnia flora

for cytotoxicity tests. Table 2 shows the secondary collected in different municipalities of the State.

Table 2 Plant extracts of species (with their vernacular and scientific names, botanical family and Rond6nia municipalities

where they were collected) with the respective secondary metabolites present

Identified secondary metabolites

Phenols Tannins Flobabenic  Cyanidins Anthocyanins Saponins Alkaloids
tannins Anthocyanidins
Flavonoids
Cipé-de-fogo X* X -H* X -- X X
Davilla sp.
Dilleniaceae
(Ariquemes)
Alfazema-cabocla X -- X - X X X
Aloysia gratissima
Verbenaceae
(Cacoal)
Mentrasto X -- X - X -- X
Hyptis sp.
Lamiaceae
(Ariquemes)
Cranjiru X X - X -- X --
Arrabidaea chica Bignoniaceae
(Cacoal)
Cipé-de-fogo folhas X X - - -- X --
Davilla sp.
Dilleniaceae
(Rolim de Moura)
Cipo-de-fogo fruto X -- -- X -- -- X
Davilla sp.
Dilleniaceae
(Rolim de Moura)
Cravo-de-urubu X -- - - X - X
Heliotropum cf. indicum
Boraginaceae
(Ariquemes)
Maraca - X - - -- -- X
Crotalaria cf. micans
Fabaceae
(Tarilandia)
Erva-de-santa-maria X X - - -- -- --
Chenopodium ambrosioides
Amaranthaceae
(Cacoal)
Lantana X X - - -- -- X
Lantana sp.
Verbenaceae
(Ariquemes)
Cipé-de-sdo-joao X X - - -- X --
Pirostegia venusta
Bignoniaceae
(Pimenta Bueno)
Neem X X -- -- -- X -
Azadirachta cf. indica
Meliaceae
(Mirante da Serra)
Margaridinha X X - - -- -- --
Tridax cf. procumbens

Plant extracts
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Identified secondary metabolites

Phenols Tannins

Plant extracts

Joa X X -
Solanum

aculeatissimum

Solanaceae

(Alvorada d’Oeste)

Algodao-do- campo X X --
Cochlospermum
regium

Bixaceae

(Pimenta Bueno)
Lobeira

Solanum lycocarpum
Solanaceae
(Ariquemes)
Duranta X X --
Duranta sp.

Verbenaceae

(Ouro Preto d’Oeste)

Jua X -- -
Ziziphus cf. joazeiro
Rhamnaceae

(Rolim de Moura)

Mamoninha- do- X
mato

Mabea sp.

Euphorbiaceae

(Rolim de Moura)

Cipé-alho X -- X
Mansoa alliacea

Bignoniaceae

(Ouro Preto d’Oeste)

Phlobabenic
tannins

Cyanidins Anthocyanins Saponins Alkaloids
Anthocyanidins
Flavonoids
- X - -
-- X -- X
- - X -
- - X -

*7X” indicates the presence of the tested metabolite in the extract; **"--" absence.

Once the extracts were obtained, they were applied in
cytotoxicity bioassays against A. salina, with the aim of
corroborating the effectiveness of each bioproduct and
determining those with the greatest antiparasitic and/or
antimicrobial potential. The lethality test is considered
essential as a preliminary bioassay in the study of
compounds with potential biological activity [11,13].
Initially, control tests (without the presence of
bioproducts) were carried out in triplicate, considering
the number of live 4. salina nauplii. It is noteworthy that
10 live nauplii/test tube were packed. The average
mortality rate of nauplii, in the control, was equal to
46.7, that is, less than 50%. Table 3 and figure 1
presents, for the extract of each evaluated species, the
average mortality rates A. salina nauplii in
concentrations (ug.ml™") 0.003; 0.03 and 0.3 at the end of

24 hours, in %.

Among the species selected to obtain extracts for
cytotoxicity assays, it is interesting to point out that,
although some have been the subject of studies with
herbal medicines, others have so far been little or not
used, such as angel's finger, vine-garlic, fire vine,
duranta, maraca and soursop leaves, among others.
Bories et al. [14] and Moghadamtousi et at. [15],
observed the antiparasitic activity of soursop seeds, and
aqueous extract of the leaves, while projects carried out
at the study area by Embrapa Western Amazon [16],
have evidenced the goodness of working with the
essential oil of vine-garlic. In the current study, ethanolic
extracts were obtained from leaves of these two species.
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Table 3 Cytotoxicity tests of 25 plant extracts (vernacular and scientific name) from the Rondonia flora against Artemia salina

nauplii. Average mortality in %.

Vernacular name Scientific name Average mortality of nauplii %/Three

replicates/concentration pg.ml!

0.3 0.03 0.003
Abodbora Cucurbita sp. 90.0 73.3 76.7
Algodao-do-campo Cochlospermum regium (Schrank) Pilg. 100.0 100.0 90.0
Alho Allium sativum L. 100.0 26.7 40.0
Capim-limao Cymbopogon citratus (DC.) Stapf 100.0 80.0 16.7
Cipo-alho Mansoa alliacea (Lam.) A.H.Gentry 100.0 100.0 56.7
Cip6-de-fogo Davilla sp. 1 100.0 100.0 100.0
Cip6-de-fogo Davilla sp. 2 100.0 90.0 90.0
Cip6-de-sdo-jodo Pyrostegia venusta (Ker Gawl.) Miers 100.0 100,0 80,0
Dedo-de-anjo Euphorbia sp. 100.0 90.0 56.7
Duranta Duranta sp. 100.0 100.0 100.0
Erva-de-santa-maria Chenopodium ambrosioides L. 100.0 100.0 100.0
Graviola Annona muricata L. 100.0 100.0 30.0
Joa Solanum aculeatissimum Jacq. 100.0 100.0 80.0
Hortela-pimenta Mentha X piperita L. 96.7 233 80.0
Lobeira Solanum lycocarpum A. St.-Hil. 100.0 100.0 86.7
Mamao Carica papaya L. 86.7 100.0 100.0
Mamoninha-do-campo Mabea sp. 100.0 100.0 90.0
Mandioca Manihot esculenta Crantz 100.0 76.7 433
Maraca Crotalaria cf. micans 100.0 100.0 100.0
Maracuja-do-mato Passiflora foetida L. 100.0 96.7 53.3
Margaridinha Tridax cf. procumbens 100.0 100.0 433
Mentrasto Hyptis sp. 1 100.00 96.7 100.0
Mentrasto Hyptis sp. 2 100.0 96.7 90.0
Mussambé Cleome sp. 100.0 80.0 86.7
Terramicina Alternanthera brasiliana (L.) Kuntze 100.0 100.0 36.7

: 0,003 0,03 03 a ¢ 0,003 0,03 03 b
0,003 0,03 0.3 c 0,003 0,03 0,3 d
0,003 0,03 0,3 e

Figure 1 Behavior of 25 plant extracts used in cytotoxicity tests against A. salina nauplii,
at three concentrations (a-¢). It is considered in terms of average mortality (%)
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It stands out, among the 25 phytotherapics, in relation to
the cytotoxicity tests, that at least four, present a high
potential, reaching values of 100% mortality in two
microcrustaceans, for the tested concentrations. The
same foram extracted from Chenopodium ambrosioides
(erva-de-santa-maria or mastruz), Crotalaria cf. micans
(maraca), Davilla sp. (cipo6-de-fogo, sp. 1) and Duranta
sp. (Duranta) (table 2; figure 1). The santa maria herb or
mastruz (Chenopodium ambrosioides, Amaranthaceae)
is a common species in all Brazilian states, cultivated or
spontaneous. Its potential as an antiparasitic agent is
widespread, due to the presence of ascaridol and
saponins, tannins and flavonoids, in line with what was
found by Jorge et al. [17] and Tapondjou et al. [18]; in
the present study, phenols and tannins, they were the
only ones detected. This result shows consistency, since
flavonoids are included in the group of phenolic
compounds. In cytotoxicity tests against A4. salina
nauplii, its extract was one of the most effective,
reaching expressive numbers of 100% of average
mortality, in all concentrations. Ketzis et al. [19] tested
in vitro the oil of santa maria herb against an infestation
developed by Haemonchus contortus in goats, where it
proved to be 100.0% effective in the inhibition of the
parasite eggs development.

In a study with sheep, Oliveira [20] showed that for the
helminths belonging to the Trichostrongyloideae
superfamily, a treatment with this same plant, showed an
efficacy on the reduction of the number of eggs per gram
of 52.97% on the seventh day and 47.5% on the
fourteenth day after its application, when confronted
with the control group. They also verified an efficacy of
73.82%, 57.4% and 93.94% on the genera Cooperia,
Trichostrongylus and  Strongyloides, respectively.
Crotalaria cf. micans or maraca or guizo-de-cascavel, is
a Fabaceae of wide occurrence, and spontaneously. In
the present study, tannins and alkaloids were identified
in the extract as secondary metabolites. Pyrrolizidine
alkaloids, found mainly in the flowers of Crotalaria
micans, are considered toxic to Africanized worker bees,
genus Apis [11], as well as humans and other animals.

Already in the extract of Davila sp. (Dilleniaceae, sp. 1),
popularly known as cipo-de-fogo or lixeirinha, a shrub
collected in cerrado areas in Rondonia, the largest
number of secondary metabolism products was detected,
such as phenols, tannins, cyanidins, saponins and
alkaloids. Among the 20 extracts evaluated, only 4loysia
gratissima (Verbenaceae) or lavender-cabocla also
showed a high number of metabolites in the

phytochemical prospecting tests, including phenols,
phlobabenic tannins, anthocyanins, anthocyanidins,
flavonoids, saponins and alkaloids.

Little has been researched about its properties, but
Kushima [21] reported that species of this genus have
popular use in the treatment of gastrointestinal disorders
(ulcers, gastritis, inflammation). In the current study,
extracts from Davilla spp. demonstrated potential in the
control of fish parasites, in preliminary in vivo studies,
in Tambaqui juveniles, in addition to its effectiveness in
cytotoxicity tests against 4. salina nauplii.

The genus Duranta (Verbenaceae) is most recognized for
its ornamental use. There are bushes commonly
cultivated for their purplish or violet flowers, known as
violeteira, pingo-de-ouro, earring-of-oxum, duranta,
among others. According to popular literature, the fruits
are toxic due to the presence of steroids and saponins
(triterpenes). In the prospection carried out in this work,
the presence of phenols and tannins was detected in its
extract. Furthermore, it showed maximum efficacy
against the microcrustacean A. salina, for the evaluated
concentrations. Therefore, as well as other genetic
resources of the Ronddnia state flora, it is suggested that
its potential as a phytotherapic is the object of further
studies.

Both the phytochemical prospection and the evaluation
of cytotoxicity against Artemia salina, showed that
several genetic resources of the Rondonia flora have the
potential to be used in the control of animal parasites,
constituting a viable alternative from the environmental,
economic and social point of view.
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