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Abstract

Natural products, specifically plant extracts with biological activity and the ability to act as botanical biopesticides
are often mistakenly considered nontoxic. Scientific evidence indicates the contrary, and for this reason, the
objective of this work was to evaluate the toxicity of extracts obtained from Petiveria alliacea L. (Caryophyllales,
Phytolaccaceae) using Daphnia magna Straus (Cladocera, Daphniidae) as a bioindicator to identify the plant extracts
and the respective concentrations that present the highest toxicity. Leaves of P. alliacea were collected in the Peruvian
amazone. From this material, three types of extract (hexane, ethanolic and aqueous) were prepared, which were
used in the bioassays with D. magna to find the least toxic extract. Acute toxicity bioassays with D. magna during
48 h of exposure to hexane, ethanolic, and aqueous extracts yielded median lethal concentration (LC,;) values of
26.9, 230.6, and 657.9 mg L', respectively. The aqueous extract presented the lowest toxicity, causing minimal
D. magna mortality in the range of 6.67 to 13.33% at concentrations of 10 and 100 mg L. This result enables the
efficient use of this plant species in a sustainable manner with a minimal environmental impact for the future
development of natural products for pest control.
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Resumo

A utilizacdo de produtos naturais, especificamente extratos vegetais com atividade biolégica e capacidade de
atuar como biopraguicidas botanicos, é muitas vezes erroneamente considerada ndo téxica. Evidéncias cientificas
demonstram o contrario e por isso o objetivo deste trabalho consistiu na avaliagdo da toxicidade de extratos obtidos
de Petiveria alliacea L. (Caryophyllales, Phytolaccaceae) com a utilizacdo de Daphnia magna Straus (Cladocera,
Daphniidae) como bioindicador, que permitiu descartar os extratos vegetais e as respectivas concentragoes que
apresentaram maior toxicidade. As folhas de P. alliacea foram coletadas na Amazonia peruana. A partir deste material,
foram preparados trés tipos de extrato — hexanico, etanélico e aquoso -, que foram utilizados nos bioensaios com
D. magna a fim de encontrar o extrato menos t6xico. Os bioensaios de toxicidade aguda com D. magna durante 48 h de
exposicdo aos extratos hexanico, etanélico e aquoso permitiram estabelecer os valores da Concentragdo Letal Média
(CL,,) de 26,9; 230,6 e 657,9 mg L', respectivamente. O extrato aquoso apresentou a menor toxicidade, causando
percentuais minimos de mortalidade de D. magna na faixa de 6,7 a 13,3% nas concentracdes de 10 e 100 mg L.
Estes resultados possibilitam o uso eficiente das espécies vegetais de forma sustentavel e com minimo impacto
ambiental para o futuro desenvolvimento de produtos naturais para controle de pragas.

Palavras-chave: bioensaio, praguicida botanico, Daphnia magna, CL,, toxicidade.
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1. Introduction

The use of plants and plant extracts to reduce the levels
of pest infestation constitutes a reality as a component of
sustainable agroecological practices if one takes into account
the experimental evidence confirming their effectiveness
without affecting crop yields due to the presence of
compounds or active ingredients (secondary metabolites)

with the ability to control pests, i.e., botanical biopesticides
or biochemical biopesticides, that could progressively
replace synthetic pesticides (Deka et al.,2022; Fenibo et al.,
2021; Glare et al., 2016; Kapila and Singh, 2021).

A recent publication by Castillo-Pérez et al. (2022)
showed the use of such products in Latin America motivated
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by the growing demand of consumers concerned about
food, safety, and products used for pest control in the
manufacture of food products (Khursheed et al., 2022;
Souto et al., 2021).

It is very interesting that currently, botanical
biopesticides are subject to and accepted for the
management and control of pests in not only organic
agriculture but also conventional agricultural production
(Campos et al., 2019; Isman, 2015). The control of pests using
plant secondary metabolites is part of the trend and need
worldwide for new sustainable agroecological practices. In
this sense, Pretty and Bharucha (2015) presented evidence
and perspectives on the use of biopesticides (Neem) as a
component of integrated pest management in Africa and
Latin America. In addition, the trend toward the use of
biopesticides plays an important role in the progressive
reduction in synthetic chemical pesticide use, contributing
to human health and care for the environment (Samada
and Tambunan, 2020).

Botanical biopesticides are often considered nontoxic
and safer than synthetic pesticides. However, the reality
is far from the truth. Wiesbrook (2004) demonstrated
that it is a very common misunderstanding to always
consider them safer than synthetic insecticides, as some
biopesticides have median lethal concentration (LD,,)
values lower than those of synthetic pesticides and are
therefore more toxic for fish, beneficial insects such as
bees, and even mammals.

Rotenone is an example of a secondary plant metabolite
that worries the scientific community, since despite
being considered an efficient biopesticide, research has
identified a possible contribution to Parkinson’s disease.
Various studies have demonstrated its ability to induce
apoptotic cell death in experimental models with cells and
animals and to cause cell necrosis through ATP depletion.
This scientific evidence on the toxicity of a natural product
brings attention to the false idea of their innocuousness
(Betarbet et al., 2000; Li et al., 2003; Skulachev, 2006).

In this sense, a recent review by Ferraz et al. (2022)
clearly demonstrated the urgent need to evaluate the
toxicity of natural products, existing essential oils, and
plant extracts with high toxicity levels using toxicity
bioassays with Daphnia magna as a model to establish the
median effective concentration (EC,) or LC,, after 48 h
of exposure to neonates. However, these plant products,
used for their potential as botanical biopesticides, tend
to be of low toxicity compared with synthetic pesticides,
which, together with their rapid biodegradation, leads
to minimal residuality, persistence, and environmental
toxicity (Ferraz et al., 2022).

Invertebrates such as the microcrustacean D. magna are
used not only because they meet the characteristics required
for a sentinel organism but also because in terms of acute
toxicity, they are considered highly sensitive analytical tools
for determining the toxicity of environmental chemical
pollutants and even neuroactive compounds, among others,
which can disrupt the ecological pyramid and place human
health at risk. Therefore, D. magna monitoring is important
and contributes to protecting the environment and human
health (Kikuchi et al., 2000; Olmstead and LeBlanc, 2000;
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Rawlings et al., 2019; Robertson et al., 2017; Teixid6 et al.,
2020; Zhou et al., 2008).

In an ecotoxicity test, the growth, reproduction,
immobility, and mortality of D. magna are well studied
and can be used as quantifiable health parameters.
Dose-response data can help predict the consequences
of exposure at other dose levels and life stages in other
species or in susceptible individuals. Several studies have
reported that D. magna has the ability to predictively
establish levels of cytotoxicity comparable to those of
mammals (Guilhermino et al., 2000; Kikuchi et al., 2000;
Olmstead and LeBlanc, 2000).

Mucura (P. alliacea) is a perennial herbaceous plant
native to the Amazon rainforest that is widely distributed
in Peru. Preparations from this plant have been widely used
in traditional medicine for the treatment of many ailments,
taking advantage of its anti-inflammatory, antimicrobial,
anticancer, and stimulating effects, among others. Mucura
extracts have also been shown to have the ability to act as
a botanical biopesticide, with insecticidal and acaricidal
properties (Johnson et al., 1997; Rosado-Aguilar et al., 2010).

Therefore, evaluating the toxicity of P. alliacea plant
extracts through bioassays using D. magna constitutes a
guarantee of environmental protection, care for the trophic
chains, and the elimination of possible environmental
impacts in general as a preventive starting point for possible
future product development for both human health and
pest control applications. The objective of this work was
to identify the mucura (P. alliacea) extract with minimal
environmental impact through acute toxicity bioassays
with D. magna by exposure to neonates for 48 h.

2. Materials and Methods

2.1. Plant material

Leaves of the species P. alliacea were collected in the
district of Castillo, province of Leoncio Prado, located
in the department of Huanuco (09° 16’ S, 76° 00’ W), in
August 2016. A specimen was placed in the Herbarium of
the National Agrarian University La Molina. The voucher
number is 012-2019-HM-UNALM.

2.2. Biological material

The bioassays were carried out with D. magna
neonates from the Institute of the Sea of Peru (Instituto
del Mar del Pert - IMARPE). The specimens were kept at
a temperature of 20 *+ 2 °C in water with a pH of 7.14, an
electrical conductivity of 10 uS cm, an alkalinity of 93.5
mg CaCO3 L, and a total hardness of 45.6 mg CaCO, L. D.
magna was fed with the algal species Pseudokirchneriella
subcapitata (Korshikov) (Sphaeropleales, Selenastraceae)
according to the international standards ISO 6341:2012
(ISO, 2012), OECD (2004), and USEPA (2002).

2.3. Methodology

2.3.1. Acute toxicity bioassay with Daphnia magna

The methodology published by Bracho-Pérez et al.
(2019) consisted of performing a reference test with sodium
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chloride (NaCl) to evaluate the sensitivity of D. magna
neonates (< 24 h). The static toxicity test was carried out
in plastic containers by adding 4 mL of the extracts to
be evaluated at five concentrations. Five neonates were
exposed to five concentrations of the aqueous and organic
extracts of P. alliacea ranging from 10 to 10,000 mg L
without feeding during the test at 24 and 48 h of exposure
in darkness at 20 + 2 °C. For each concentration, the
bioassays were performed in triplicate. Immobilization
of the treated organisms or the absence of a heart rate for
15 s under a stereomicroscope was used as an indicator
of mortality (Bracho-Pérez et al., 2019).

2.3.2. Low environmental risk decision

Considering the results obtained from the acute
ecotoxicity test, the same criteria of Bracho-Pérez et al.
(2019) were applied, which consisted of excluding the
plant extracts and the concentrations that presented the
highest toxicity against D. magna, allowing the adequate
determination of a possible botanical biopesticide for
eco-friendly and sustainable pest control.

2.3.3. Processing of plant material

The P. alliacea leaves were dried in an oven at a
temperature of 40 °C for 48 h. Subsequently, they were
pulverized using a blade mill until they were reduced to a
fine particulate material that was sieved using a 100 pm sieve.

2.3.4. Preparation of plant extracts

Ten grams of the plant material was weighed in
triplicate. They were placed separately in amber glass
flasks and subjected to extraction with 100 mL of n-hexane,
100 mL of 96% ethyl alcohol, or 100 mL of distilled water
in an ultrasonic bath at a temperature of 48 °C for 2 h.
Subsequently, the extracts were filtered with Whatman
No. 42 filter paper. The organic extracts were concentrated
under reduced pressure at a temperature of 38 °C with
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the use of a rotary evaporator until crude extracts were
obtained, and the aqueous extract was lyophilized with
the use of a Telstar Model Lyo Quest-55 lyophilizer at a
freezing temperature of -20 °C and vacuum lyophilization
at -55 °C for a period of 48 h. Finally, the concentrates
obtained were redissolved in propylene glycol and distilled
water for bioassay development.

2.4. Statistical analysis

The results from the acute ecotoxicity bioassays of
P. alliacea extracts against D. magna were processed to
determine the LC,, expressed in mg L™, for a confidence
interval of 95% (a = 0.05). The significance and adjustment
to the probit regression analysis was carried out through
determination of the angular coefficients of the slopes,
chi-square (X?), and heterogeneity using the statistical
program PoloSuite. This result allowed the establishment of
the mucura extract type and the appropriate concentration
capable of causing the least environmental impact (LeOra
Software LLC, 2016; Robertson et al., 2017).

3. Results and Discussion

The results from the acute toxicity study of P. alliacea
leaf extracts against the bioindicator D. magna showed
the organic extracts to have the highest toxicity. The
hexane extract presented the highest toxicity, causing
33.33% neonate mortality at the lowest concentration of
10 mg L'; in contrast, the ethanolic and aqueous extracts
at that same concentration only caused 6.67% mortality
(Table 1). The ethanolic extract maintained a similar trend
up to 100 mg L, reaching 26.67% mortality. However, the
aqueous extract at 500 mg L' caused less than 50% neonate
mortality and generally caused the lowest mortality,
6.67 to 13.33% in a concentration range between 10 and
100 mg L' (Table 1).

Table 1. Toxic effect of P. alliacea extracts on the mortality of D. magna after 48 h of exposure.

Concentration Number of D. magna 48 h
Type of extract ) "

(mgL?) neonates Deaths Mortality (%)

Aqueous 10 15 1 6.67

100 15 2 13.33

500 15 5 33.33

1000 15 10 66.67

. 10 000 15 14 93.33

£ Ethanolic 10 15 1 6.67

E 100 15 4 26.67

§ 500 15 10 66.66

4§ 1000 15 13 86.66

§ 10 000 15 14 93.33

= Hexane 10 15 5 33.33

100 15 11 73.33

500 15 12 80.00

1000 15 13 86.66

10 000 15 14 93.33
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Decreasing toxicity was recorded in terms of the mean
lethal concentration at 48 h of exposure: hexane extract
(LC,,=26.91 mgL")>ethanolic extract (LC,,=230.64 mg L")
> aqueous extract (LC,, = 657.96 mg L) (Table 2). The
mortality percentages for the three botanical extracts
are indicated in Table 1, corroborating that the aqueous
extract was approximately 3-25 times less toxic than the
organic extracts based on the LC,, values obtained. The
safest concentration range was between 10 and 100 mg L'
with a minimum mortality percentage, a condition to be
taken into account in the development of pest control
products with minimal environmental impact.

Robertson et al. (2017) presented the characteristic
behavior of a toxicological study with confidence intervals
that yield hyperbolic curves and represent the dose vs.
mortality when exposing D. magna to P. alliacea extracts
(Figure 1). The angular coefficients of the slopes in Table 2
presented values greater than 1.96, ensuring the quality
of the study carried out. In addition, heterogeneity below
1.0 was also adequate, indicating that the dose-mortality
curve conformed to the probit analysis model and that the
toxicity values obtained were highly significant.

The dose-response regression curves in Figure 1 indicate
a high sensitivity of D. magna neonates to P. alliacea extracts,
reflecting the fact that small increases in the botanical
biopesticide dose yield intense mortality responses.

According to the Globally Harmonized System of
Classification and Labelling of Chemicals proposed by the
United Nations (UN, 2019) and the processing carried out by
Ferraz et al. (2022), the toxicity of the hexane extract of P.

alliacea (LC,,=26.91 mg L") was categorized as a category
3 acute short-term hazard (LCy, > 10 < 100 mg L"), which
means thatits discharge or interaction with the environment
is dangerous. The ethanolic (LC,, = 230.64 mg L') and
aqueous (LC,, = 657.96 mg L) extracts were categorized
as LC,, > 100 mg L" according to this harmonized system
and should be considered practically nontoxic chemicals.

These results coincide with the evidence presented
by Hernandez and Vendramim (2008) as part of solvent
management for botanical biopesticide production, which
established that the use of low-polarity organic solvents
such as hexane and even medium-polarity solvents such
as ethanol had a greater capacity to extract secondary
metabolites capable of causing sudden death by acting as
insecticides, while highly polar solvents such as distilled
water were related to the ability to extract secondary
metabolites capable of affecting biology, physiology, and
growth, among other processes, denoting the ability to
act as an insectistatic.

In addition, high-polarity water-soluble metabolites
degrade rapidly, with very low persistence and residuality,
causing minimal to no environmental contamination, unlike
low-polarity organic extracts. This behavior coincides
with the toxicity and chemical nature of the extracts
evaluated with D. magna in this study (Hernandez and
Vendramim, 2008).

In this sense, the ethanolic extract presented the lowest
toxicity (LC,,=230.64 mg L"), and according to Ferraz et al.
(2022), it should be considered practically nontoxic.
However, a study by Cal et al. (2022) demonstrated its high

Table 2. LC, and 95% confidence interval (mg L!) obtained in the bioassays.

I’.E:ltl;::':ea ﬁ;g::iz : LC,, (mg/L) AC £ SE x> DF Heterogeneity

Hexane Susceptible 26.9103 3.5009 +£0.3332 0.6244 3 0.2081

(5.8320-65.2020)
Ethanolic Susceptible 230.6266 4.3539 + 0.4746 1.3204 3 0.4401
(90.4870-497.8240)
Aqueous Susceptible 657.9601 41850 +0.4773 2.2375 3 0.7458
(305.2090-1 562.8129)
AC - Angular coefficient; SE - Standard error of the mean; X? - Chi-square, DF - Degrees of freedom.
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Figure 1. Dose-percent response curves for the mortality of D. magna against hexane (a), ethanolic (b), and aqueous (c) P. alliacea extracts.

4/7

Brazilian Journal of Biology, 2024, vol. 84, e278758



toxicity and mutagenicity as well as its ability to induce
oxidative lesions in the mitochondrial and genomic DNA
of S. cerevisiae strains. This scientific evidence clearly
demonstrates the high toxicity of this species and its
ethanolic extracts, constituting essential evidence that
they should be used with great prudence in pest control,
and our opinion is that its use should also be avoided until
more advanced toxicity studies with different nontarget
species demonstrate the possibility of safe use.

The use of D. magna for the development of
ecotoxicological studies with plant extracts and essential
oils and research and development on botanical
biopesticides for eco-friendly and environmentally safe
pest control are being carried out widely throughout the
world to prevent environmental impacts and damage to
biodiversity (Ferraz et al., 2022; Griffiths et al., 2021; Liet al.,
2015). Since 2002, the development of ecotoxicological
bioassays using D. magna, specifically acute and chronic
toxicity bioassays, has been officially established in Peru
and other countries belonging to the Andean Community
of Nations (Peru, 2002).

In this sense, several bioassays have been carried out
using D. magna to establish the toxicity of botanical species
of Peruvian origin or introduced, but all have in common
their insecticidal properties and traditional uses for pest
control. The study of sachayoco (Paullinia clavigera Simpson,
Sapindaceae) extracts showed the leaf chloroform extracts
to be of the highest toxicity (LC,, =237 mg mL') and bark
(LC,, =398 mg mL), allowing to establish hydroalcoholic
extracts of less toxicity that are suitable for integrated pest
management (lannacone et al., 2007).

The evaluation of nine species, squash (Cucurbita maxima
Duch. Ex Lam, Cucurbitaceae), eucalyptus (Eucalyptus
globulus Labill, Myrtaceae), coca (Erythroxylon coca
[Lamarck], Erythroxylaceae), Angel’s trumpets (Brugmansia
candida Pers., Solanaceae), rue (Ruta graveolens L., Rutaceae),
castor bean (Ricinus communis L., Euphorbiaceae), garlic
(Allium sativum L, Liliaceae), mint (Minthostachys setosa
(Briquet) Epling, Lamiaceae), and pomegranate (Punica
granatum, Punicaceae), demonstrated the usefulness of
toxicity bioassays with D. magna (Iannacone et al., 2008).
Five plants showed maximum acute toxicity with D. magna
immobilization at 48 h of exposure: the leaves of C. maxima,
E. globulus and M. setosa, the seeds of C. maxima, and the
flowers of P. granatum.

Sandbox tree (Hura crepitans L., Euphorbiaceae) and
elderberry (Sambucus peruviana HBK, Caprifoliaceae) are
two Peruvian species that have been evaluated with D.
magna due to their terrestrial and aquatic ecotoxicological
risks. Both have powerful biopesticide activity, and their
studies were very useful, since they allowed us to establish
that their greatest toxicity was found in leaf and root
extracts (lannacone et al., 2014; Roman-Farje et al. 2017).

However, very few acute toxicity studies of P. alliacea
have been performed using D. magna. A study by Bracho-
Pérez et al. (2019) allowed us to compare the toxicological
effect of the hexane, ethanolic, and aqueous extracts of this
species and Clibadium peruvianum; the organic extracts
of both species had greater toxicity than the aqueous
extracts. The aqueous extract of P. alliacea presented the
lowest toxicity (LC,, = 711.18 mg L, while the ethanolic
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(LC,, = 255.5 mg L") and hexane (LC,, = 65.36 mg L)
organic extracts caused the highest mortality to D. magna
neonates, corroborating the toxicological responses of D.
magna to P. alliacea extracts from this study.

3.1. Low environmental risk decision

The hexane extract with high toxicity (LC,;=26.91 mgL")
categorized as acute 3 toxicity was discarded to reduce
future risks of environmental toxicity and avoid any
possible damage to the trophic chains. The ethanolic
extract was also discarded pending the development of
other ecotoxicological studies that guarantee its safe use.
Because the aqueous extract caused the lowest percentage
of mortality to D. magna neonates (6.67-13.33%) in a
concentration range of 10 to 100 mg L', this extract was
chosen as the safest for the preparation of botanical
biopesticides from P. alliacea leaves.

4. Conclusions

Implementing acute toxicity methodologies with
the use of a bioindicator such as D. magna made it
possible to determine both the type of extract based on
the physicochemical nature of the solvent used and the
concentrations with minimal toxicity from P. alliacea,
whose aqueous extract was the most appropriate because
it caused the lowest mortality to D. magna neonates, with
an LC,; = 657.96 mg L.

It is interesting to note that the aqueous extract
of P. alliacea opens up promising possibilities for the
development of botanical biopesticides for pest control.
Its evaluation for the control of the Varroa destructor mite,
which damages bees, and an LC/MS chemical study will
be the subjects of another study.

References

BETARBET, R., SHERER, T.B., MACKENZIE, G., GARCIA-OSUNA, M.,
PANOV, A.V. and GREENAMYRE, ].T., 2000. Chronic systemic
pesticide exposure reproduces features of Parkinson’s disease.
Nature Neuroscience, vol. 3, no. 12, pp. 1301-1306. http://doi.
org/10.1038/81834 PMid:11100151.

BRACHO-PEREZ, J., TACZA-VALVERDE, I. and VASQUEZ-CASTRO,
J., 2019. Peruvian botanical biopesticides for sustainable
development and protection of the environment. Peruvian
Journal of Agronomy, vol. 3, no. 3, pp. 126-133. http://doi.
org/10.21704/pja.v3i3.1206.

CAL,B.B.F, ARA(J]O, L.B.N., NUNES, B.M., DA SILVA, C.R., OLIVEIRA,
M.B.N., SOARES, B.O., LEITAO, A.A.C., DE PADULA, M.,
NASCIMENTO, D., CHAVES, D.S.A., GAGLIARDI, R.F. and DANTAS,
FJ.S.,2022. Cytotoxicity of extracts from Petiveria alliacea leaves
on yeast. Plants, vol. 11, no. 23, pp. 3263. http://doi.org/10.3390/
plants11233263 PMid:36501303.

CAMPOS, E.V., PROENCA, P.L., OLIVEIRA, ].L., BAKSHI, M., ABHILASH,
P.C. and FRACETO, L.F.,, 2019. Use of botanical insecticides
for sustainable agriculture: future perspectives. Ecological
Indicators, vol. 105, pp. 483-495. http://doi.org/10.1016/].
ecolind.2018.04.038.

CASTILLO-PEREZ, LJ., MIRANDA, ] ].M. and CARRANZA-ALVAREZ, C.,
2022. Use and manufacture of biopesticides and biofertilizers

5/7


https://doi.org/10.1038/81834
https://doi.org/10.1038/81834
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11100151&dopt=Abstract
https://doi.org/10.21704/pja.v3i3.1206
https://doi.org/10.21704/pja.v3i3.1206
https://doi.org/10.3390/plants11233263
https://doi.org/10.3390/plants11233263
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36501303&dopt=Abstract
https://doi.org/10.1016/j.ecolind.2018.04.038
https://doi.org/10.1016/j.ecolind.2018.04.038

Bracho-Pérez, ].C. et al.

in Latin America. In: T.B. PIRZADAH, B. MALIK, R.A. BHAT, and
K.R. HAKEEM, eds. Bioresource technology: concept, tools and
experiences. New York: John Wiley & Sons Ltd, pp. 424-442.
http://doi.org/10.1002/9781119789444.ch14.

DEKA, B., BABU, A., BARUAH, C. and SARKAR, S., 2022. Plant extracts
as potential acaricides for the management of red spider mite,
Oligonychus coffeae Nietner (Acarina: Tetranychidae), in the tea
ecosystem: an eco-friendly strategy. Frontiers in Agronomy,
vol. 4, pp. 685568. http://doi.org/10.3389/fagro.2022.685568.

FENIBO, E.O., JOMA, G.N. and MATAMBO, T., 2021. Biopesticides
in sustainable agriculture: a critical sustainable development
driver governed by green chemistry principles. Frontiers
in Sustainable Food Systems, vol. 5, pp. 619058. http://doi.
org/10.3389/fsufs.2021.619058.

FERRAZ, C.A., PASTORINHO, M.R., PALMEIRA-DE-OLIVEIRA, A.
and SOUSA, A.C.A., 2022. Ecotoxicity of plant extracts and
essential oils: a review. Environmental Pollution, vol. 292, no.
Pt B, pp. 118319. http://doi.org/10.1016/j.envpol.2021.118319
PMid:34656680.

GLARE, T.R,, GWYNN, R.L. and MORAN-DIEZ, M.E., 2016. Development
of biopesticides and future opportunities. Methods in Molecular
Biology, vol. 1477, pp. 211-221. http://doi.org/10.1007/978-1-
4939-6367-6_16 PMid:27565502.

GRIFFITHS, M.R., STROBEL, B.W., HAMA, ].R. and CEDERGREEN, N.,
2021. Toxicity and risk of plant-produced alkaloids to Daphnia
magna. Environmental Sciences Europe, vol. 33, no. 10, pp. 1-12.
http://doi.org/10.1186/s12302-020-00452-0.

GUILHERMINO, L., DIAMANTINO, T,, SILVA, M.C. and SOARES, A.M.,
2000. Acute toxicity test with Daphnia magna: an alternative to
mammals in the prescreening of chemical toxicity? Ecotoxicology
and Environmental Safety, vol. 46, no. 3, pp. 357-362. http://
doi.org/10.1006/eesa.2000.1916 PMid:10903834.

HERNANDEZ, C.R. and VENDRAMIM, J.D. 2008. Substancias vegetales
para el manejo de las moscas blancas. In: L. ORTEGA, ed. Moscas
blancas: temas selectos sobre su manejo, 1st ed. México:
Colegio de Postgraduados, Mundi-Prensa México, pp. 83-102.

IANNACONE, J., ALVARINO, L., AYALA, H. and SALAZAR, N., 2008.
Toxicidad de nueve plantas y de la cipermetrina en gorgojos
de productos almacenados y en la pulga del agua Daphnia
magna en el Perd. Biotempo, vol. 8, no. 1, pp. 26-34. http://doi.
org/10.31381/biotempo.v8i0.860.

IANNACONE, J., ALVARINO, L., SOTO, J. and SALCEDO, C., 2007. Efecto
toxicoldgico del “Sachayoco”, Paullinia clavigera (Sapindaceae)
sobre Daphnia magna y sobre dos controladores bioldgicos de
plagas agricolas. Journal of the Brazilian Society of Ecotoxicology,
vol. 2, no. 1, pp. 15-25. http://doi.org/10.5132/jbse.2007.01.003.

IANNACONE, J.A., AYALA, H., ALVARINO, L., PAREDES ESPINAL,
C., VILLEGAS, W., ALOMIA, ]., SANTOS, S., NOLAZCO, N. and
CRUCES, L., 2014. Riesgo ecotoxicolégico acudtico y terrestre
del bioplaguicida catahua, Hura crepitans (Euphorbiaceae).
Reviews in Toxicology, vol. 31, no. 1, pp. 50-62.

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION - ISO,
2012. ISO 6341:2012. Water Quality. Determination of the
Inhibition of the Mobility of Daphnia magna Straus (Cladocera,
Crustacea). Acute Toxicity Test. Geneva: ISO. http://dx.doi.org/
10.3403/30213505.

ISMAN, M.B., 2015. A renaissance for botanical insecticides? Pest
Management Science, vol. 71, no. 12, pp. 1587-1590. http://doi.
org/10.1002/ps.4088 PMid:26251334.

JOHNSON, L., WILLIAMS, L.A.D. and ROBERTS, E.V., 1997. An
insecticidal and acaricidal polysulfide metabolite from the rots
of Petiveria alliacea. Pesticide Science, vol. 50, no. 3, pp. 228-232.

6/7

http://doi.org/10.1002/(SICI)1096-9063(199707)50:3<228::AID-
PS575>3.0.CO;2-].

KAPILA, R. and SINGH, T., 2021. Recent developments in biopesticides
as potential substitutes to chemical pesticides. Research Journal
of Agricultural Science, vol. 12, no. 3, pp. 832-834.

KHURSHEED, A., RATHER, M.A., JAIN, V., WANI, A.R., RASOOL,
S., NAZIR, R., MALIK, N.A. and MAJID, S.A., 2022. Plant
based natural products as potential ecofriendly and safer
biopesticides: a comprehensive overview of their advantages
over conventional pesticides, limitations and regulatory aspects.
Microbial Pathogenesis, vol. 173, no. Pt A, pp. 105854. http://doi.
org/10.1016/j.micpath.2022.105854 PMid:36374855.

KIKUCHI, M., SASAK]I, Y. and WAKABAYASHI, M., 2000. Screening
of organophosphate insecticide pollution in water by using
Daphnia magna. Ecotoxicology and Environmental Safety, vol.
47, no. 3, pp. 239-245. http://doi.org/10.1006/eesa.2000.1958
PMid:11139176.

LEORA SOFTWARE LLC, 2016 [viewed 24 September 2024]. LeOra
software polosuite for windows and 0S. Parma: LeOra Software
LLC. Available from: http://www.LeOra-Software.com.

LI, N., RAGHEB, K., LAWLER, G., STURGIS, ]., RA]WA, B., MELENDEZ,
J.A. and ROBINSON, J.P,, 2003. Mitochondrial complex I inhibitor
rotenone induces apoptosis through enhancing mitochondrial
reactive oxygen species production. The Journal of Biological
Chemistry, vol. 278, no. 10, pp. 8516-8525. http://doi.org/10.1074/
jbc.M210432200 PMid:12496265.

LI, W., HUANG, C., WANG, K., FU, ], CHENG, D. and ZHANG, Z., 2015.
Laboratory evaluation of aqueous leaf extract of Tephrosia
vogelii against larvae of Aedes albopictus (Diptera: Culicidae) and
non-target aquatic organisms. Acta Tropica, vol. 146, pp. 36-41.
http://doi.org/10.1016/j.actatropica.2015.02.004 PMid:25771114.

OLMSTEAD, A.W. and LEBLANC, G.A., 2000. Effects of endocrine-
active chemicals on the development of sex characteristics of
Daphnia magna. Environmental Toxicology and Chemistry, vol.
19, no. 8, pp. 2107-2113. http://doi.org/10.1002/etc.5620190821.

ORGANIZATION FOR ECONOMIC COOPERATION AND DEVELOPMENT
- OECD, 2004. Test No. 202: Daphnia sp. Acute Immobilisation
Test, OECD Guidelines for the Testing of Chemicals, Section 2. Paris:
OECD Publishing. https://doi.org/10.1787/9789264069947-en.

PERU, 2002 [viewed 24 September 2024]. Manual técnico andino
parael registro y control de plaguicidas quimicos de uso agricola.
Lima: SINIA/CAN. Available from: https://sinia.minam.gob.pe/
normas/manual-tecnico-andino-registro-control-plaguicidas-
quimicos-uso-agricola/index.html.

PRETTY,]. and BHARUCHA, Z.P,, 2015. Integrated pest management
for sustainable intensification of agriculture in Asia and Africa.
Insects, vol. 6, no. 1, pp. 152-182. http://doi.org/10.3390/
insects6010152 PMid:26463073.

RAWLINGS, J.M., BELANGER, S.E., CONNORS, K.A. and CARR,
G.J., 2019. Fish embryo tests and acute fish toxicity tests are
interchangeable in the application of the threshold approach.
Environmental Toxicology and Chemistry, vol. 38, no. 3, pp. 671-
681. http://doi.org/10.1002/etc.4351 PMid:30615221.

ROBERTSON, ].L., JONES, M.M., OLGUIN, E. and ALBERTS, B. 2017.
Bioassays with Arthropods. 3rd ed. Boca Raton: CRC Press. http://
doi.org/10.1201/9781315373775.

ROMAN-FARJE, A., IANNACONE, J. and ALVARINO, L., 2017. Efecto
toxico del satico, Sambucus peruviana (Caprifoliaceae), en
Daphnia magna, Sitophilus zeamais y Copidosoma koehleri en
Perd. Chilean Journal of Agricultural & Animal Science, vol. 33, no.
1, pp. 3-13. http://doi.org/10.4067/S0719-38902017005000101.

ROSADO-AGUILAR, ].A., AGUILAR-CABALLERO, A., RODRIGUEZ-
VIVAS, R.I, BORGES-ARGAEZ, R., GARCIA-VAZQUEZ, Z. and

Brazilian Journal of Biology, 2024, vol. 84, e278758


https://doi.org/10.1002/(SICI)1096-9063(199707)50:3%3c228::AID-PS575%3e3.0.CO;2-J
https://doi.org/10.1002/(SICI)1096-9063(199707)50:3%3c228::AID-PS575%3e3.0.CO;2-J
https://doi.org/10.1016/j.micpath.2022.105854
https://doi.org/10.1016/j.micpath.2022.105854
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36374855&dopt=Abstract
https://doi.org/10.1006/eesa.2000.1958
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11139176&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11139176&dopt=Abstract
https://doi.org/10.1074/jbc.M210432200
https://doi.org/10.1074/jbc.M210432200
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12496265&dopt=Abstract
https://doi.org/10.1016/j.actatropica.2015.02.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25771114&dopt=Abstract
https://doi.org/10.3390/insects6010152
https://doi.org/10.3390/insects6010152
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26463073&dopt=Abstract
https://doi.org/10.1002/etc.4351
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30615221&dopt=Abstract
https://doi.org/10.1201/9781315373775
https://doi.org/10.1201/9781315373775
https://doi.org/10.4067/S0719-38902017005000101
https://doi.org/10.1002/9781119789444.ch14
https://doi.org/10.3389/fagro.2022.685568
https://doi.org/10.3389/fsufs.2021.619058
https://doi.org/10.3389/fsufs.2021.619058
https://doi.org/10.1016/j.envpol.2021.118319
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34656680&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34656680&dopt=Abstract
https://doi.org/10.1007/978-1-4939-6367-6_16
https://doi.org/10.1007/978-1-4939-6367-6_16
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27565502&dopt=Abstract
https://doi.org/10.1186/s12302-020-00452-0
https://doi.org/10.1006/eesa.2000.1916
https://doi.org/10.1006/eesa.2000.1916
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10903834&dopt=Abstract
https://doi.org/10.5132/jbse.2007.01.003
https://doi.org/10.1002/ps.4088
https://doi.org/10.1002/ps.4088
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26251334&dopt=Abstract

MENDEZ-GONZALEZ, M., 2010. Acaricidal activity of extracts
from Petiveria alliacea (Phytolaccaceae) against the cattle
tick, Rhipicephalus (Boophilus) microplus (Acari: ixodidae).
Veterinary Parasitology, vol. 168, no. 3-4, pp. 299-303. http://
doi.org/10.1016/j.vetpar.2009.11.022 PMid:20042296.

SAMADA, L.H. and TAMBUNAN, U.S.F,, 2020. Biopesticides as
promising alternatives to chemical pesticides: a review of their
current and future status. Online Journal of Biological Sciences, vol.
20, no. 2, pp. 66-76. http://doi.org/10.3844/0jbsci.2020.66.76.

SKULACHEV, V.P,, 2006. Bioenergetic aspects of apoptosis, necrosis
and mitoptosis. Apoptosis, vol. 11, no. 4, pp. 473-485. http://doi.
0rg/10.1007/s10495-006-5881-9 PMid:16532373.

SOUTO, A.L., SYLVESTRE, M., TOLKE, E.D., TAVARES, ].F., BARBOSA-
FILHO, J.M. and CEBRIAN-TORREJ()N, G., 2021. Plant-derived
pesticides as an alternative to pest management and sustainable
agricultural production: prospects, applications and challenges.
Molecules (Basel, Switzerland), vol. 26, no. 16, pp. 4835. http://
doi.org/10.3390/molecules26164835 PMid:34443421.

TEIXIDO, E., LEUTHOLD, D., DE CROZE, N., LEONARD, M. and
SCHOLZ, S., 2020. Comparative assessment of the sensitivity
of fish early-life stage, daphnia, and algae tests to the chronic

Brazilian Journal of Biology, 2024, vol. 84, e278758

Toxicity of Petiveria alliacea against Daphnia magna

ecotoxicity of xenobiotics: perspectives for alternatives to animal
testing. Environmental Toxicology and Chemistry, vol. 39, no. 1,
pp. 30-41. http://doi.org/10.1002/etc.4607 PMid:31598995.

UNITED NATIONS - UN 2019. Globally harmonized system of
classification and labelling of chemicals (GHS). Hyderabad: UN.
https://doi.org/10.18356/f8fbb7cb-en.

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY - USEPA,
2002 [viewed 24 September 2024]. Method 2021.0: Daphnia
pulex and D. magna acute toxicity tests with effluents and receiving
waters in: Methods for measuring the acute toxicity of effluents
and receiving waters to freshwater and marine organisms.
Washington, DC: USEPA. Available from: https://www.epa.
gov/sites/default/files/2015-08/documents/acute-freshwater-
and-marine-wet-manual_2002.pdf

WIESBROOK, M.L., 2004. Natural indeed: are natural insecticides
safer and better than conventional insecticides? Illinois Pesticide
Review, vol. 17, no. 3, pp. 1-8.

ZHOU, Q.,ZHANG, ., FU, ]., SHI, J. and JIANG, G., 2008. Biomonitoring:
an appealing tool for assessment of metal pollution in the aquatic
ecosystem. Analytica Chimica Acta, vol. 606, no. 2, pp. 135-150.
http://doi.org/10.1016/j.aca.2007.11.018 PMid:18082645.

717


https://doi.org/10.1002/etc.4607
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31598995&dopt=Abstract
https://doi.org/10.1016/j.aca.2007.11.018
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18082645&dopt=Abstract
https://doi.org/10.1016/j.vetpar.2009.11.022
https://doi.org/10.1016/j.vetpar.2009.11.022
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20042296&dopt=Abstract
https://doi.org/10.3844/ojbsci.2020.66.76
https://doi.org/10.1007/s10495-006-5881-9
https://doi.org/10.1007/s10495-006-5881-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16532373&dopt=Abstract
https://doi.org/10.3390/molecules26164835
https://doi.org/10.3390/molecules26164835
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34443421&dopt=Abstract

