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Abstract
The aim of this study was to determine the acute toxicity of the essential oils (EOs) of Aloysia triphylla, Lippia gracilis 
and Piper aduncum in juvenile tambaqui (Colossoma macropomum), and evaluate the possible histopathological 
alterations in their gills. For the acute toxicity tests, juvenile tambaqui (n=24/treatment) were distributed in 
six treatments with three replicates, which comprised the control and five EO concentrations of A. triphylla 
(60, 80, 100, 120 and 140 mg L-1), L. gracilis (35, 40, 45, 50 and 55 mg L-1) and P. aduncum (42.5, 45, 47.5, 50 and 
52.5 mg L-1), with an exposure period of 4 h. The mortality rate and severity of damage to the tambaqui gills 
were proportional to the increase in the concentration of the EO, with LC50-4 h values estimated at 109.57 mg L -1 
for A. triphylla, 41.63 mg L -1 for L. gracilis and 48.17 mg L -1 for P. aduncum. The main morphological damages 
observed in the gills of the tambaqui exposed to the three EOs, were Grade I: hypertrophy and hyperplasia of 
lamellar epithelial cells, lamellar fusion, epithelial detachment, capillary dilation and constriction, proliferation 
of chloride cells and mucosal cells and edema; in low frequency Grade II damage as epithelial rupture and 
lamellar aneurysm. Necrosis (Grade III damage) was observed only in gill lamellae exposed to P. aduncum EO 
(47.5, 50.0 and 52.5 mg L-1). Concentrations of EOs below LC50-4 h can be used sparingly, for short periods of 
exposure for the treatment of diseases in tambaqui breeding.
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Resumo
O objetivo deste estudo foi determinar a toxicidade aguda dos óleos essenciais (OEs) de Aloysia triphylla, Lippia 
gracilis e Piper aduncum em juvenis de tambaqui (Colossoma macropomum), e avaliar as possíveis alterações 
histopatológicas em suas brânquias. Para os testes de toxicidade aguda, juvenis de tambaqui (n=24/tratamento) 
foram distribuídos em 6 tratamentos, com três repetições, sendo o controle e cinco concentração do OE de A. triphylla 
(60, 80, 100, 120 e 140 mg L-1), L. gracilis (35, 40, 45, 50 e 55 mg L-1) e P. aduncum (42,5, 45, 47,5, 50 e 52,5 mg L-1), com 
exposição de 4 h. A taxa de mortalidade e a severidade dos danos nas brânquias de tambaqui foram proporcionais 
ao aumento da concentração do OE, com os valores de CL50-4 h estimados em 109,57 mg L-1 para A. triphylla, em 
41,63 mg L-1 para L. gracilis e em 48,17 mg L-1 para P. aduncum. Os principais danos morfológicos observados nas 
brânquias de tambaqui, expostos aos três OEs, foram os de grau I: hipertrofia e hiperplasia das células do epitélio 
lamelar, fusão lamelar, descolamento epitelial, dilatação e constrição capilar, proliferação de células de cloreto 
e de células mucosas e edema; em baixa frequência os de grau II como ruptura epitelial e aneurisma lamelar. 
Necrose (dano de grau III) foi observado somente nas lamelas branquiais expostas ao OE de P. aduncum (47,5, 50,0 
e 52,5 mg L-1). Concentrações do OEs abaixo dos valores de CL50-4 h podem ser utilizados com parcimônia, em 
curtos períodos de exposição para o tratamento de doenças na criação de tambaqui.

Palavras-chave: concentração letal, histologia, produtos naturais, tambaqui.
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administered in high doses and can affect the development 
of fish and even cause their deaths (Tavares-Dias, 2018; 
Dawood et al., 2021). In this sense, acute toxicity tests are 
conducted to determine the average lethal concentration 
(LC50), which is defined as the concentration that causes 
mortality of 50% of organisms during an exposure period 
of up to 96 h, and the side effects of exposure to the natural 
substance are also evaluated through physiological and 
histopathological analyses (Tavares-Dias, 2018; Miura et al., 
2021). This information is essential in order to define safe 
concentrations for use in the efficacy tests of any drug or 
natural product.

As such, the aim of this study was to determine the 
acute toxicity of essential oils of Aloysia triphylla (L’Hér.) 
Britton, Lippia gracilis Schauer and Piper aduncum L. in 
juvenile Colossoma macropomum (Cuvier, 1818) and evaluate 
the possible histopathological alterations in their gills.

2. Materials and Methods

2.1. Extraction and chemical characterization of essential oils

Plant specimens of A. triphylla, L. gracilis and P. aduncum 
were obtained from the Medicinal Plants and Vegetables 
Division of Embrapa Amazônia Occidental, Manaus, 
Amazonas, Brazil. Leaves and inflorescences were collected 
and dried at room temperature and, after drying, the 
essential oils of the materials were extracted using the 
method of hydrodistillation in a Clevenger apparatus for 
about two hours. At the end of the extraction, samples 
of the essential oil were collected and analyzed for their 
chemical composition via gas chromatography and mass 
spectrometry, as described in Oliveira et al. (2021).

2.2. Fish acquisition and acclimation

Juvenile tambaqui (103.2 ± 36.9 g; 16.6 ± 2.8 cm) were 
acquired in commercial fish farms (Rio Preto da Eva, AM, 
Brazil), and were then transferred to Embrapa Amazônia 
Ocidental (Manaus, AM, Brazil) and acclimated for seven days 
in circular 1,000 L fiber tanks with a water circulation system, 
with constant aeration and with a heating central system 
that kept the water at 28 oC. During this period, the fish were 
fed with commercial extruded feed (Multifós®, Multi-Peixe 
32% crude protein, 4-6 mm) until apparent satiety, twice a 
day. The composition of the feed was 100 g kg-1 moisture; 
320 g kg-1 crude protein; 45 g kg-1 ethereal extract; 60g kg-1 
crude fibre and 100 g kg-1 crude ash.

The physicochemical parameters of the water were 
monitored during the experiment using an oximeter 
(YSI Pro20, YSI Inc., USA) and pH meter (YSI F-1100, YSI 
Inc., USA). Alkalinity and hardness were determined 
via the titration method and total ammonia via the 
endophenol method (APHA, 1992). The mean values of 
the water quality parameters were as follows: oxygen 
5.03 ± 0.4 mg L-1; temperature 29.9 ±1.9 oC; pH 6.6 ± 0.3; 
alkalinity 95.16 ± 39.86 mg L-1; hardness 10.8 ± 1.46 mg L-1 
and ammonia 0.28 ± 0.016 mg L-1.

This study was developed with the approval of the 
Ethics Commission for Animal Use (CEUA) of Embrapa 
Amazônia Occidental (Protocol No. 02/2019).

1. Introduction

Aquaculture stands out as the fastest growing 
animal production sector in the world, and is driven by 
population growth and the demand for healthy food 
(Valenti et al., 2021). In 2020, the total production of the 
sector was 87.5 million tons, with 54.4 million coming from 
inland waters and 33.1 million tons were farmed in marine 
environments (FAO, 2022). In Brazil, the production of fish 
was 860,355 tons in 2022, which is 2.3% higher than the 
previous year (Peixe BR, 2023). The production of native 
fish in 2022 contributed 31.04% to Brazilian production 
(267,060 tons), and most of this production (53.7%) came 
from the northern region and was primarily tambaqui 
(Peixe BR, 2023).

With the resumption of growth in native fish production 
and the intensification of production systems, it is 
important to monitor fish farms for the occurrence of 
parasitic diseases (Valenti et al., 2021). Fish losses can 
reach up to 20% in world production with estimated 
economic losses of about US$ 1.05 to US$ 9.58 billion/year 
(Shinn et al., 2015). In addition to the high mortality rates 
in the farming environment, there is also the impairment in 
reproductive performance and the negative impact on feed 
conversion, which affect the overall performance of fish 
(Tavares-Dias and Martins, 2017; Maciel et al., 2018; Pereira 
and Morey, 2018; Santos et al., 2018; Chagas et al., 2019).

Chemicals such as potassium permanganate, praziquantel, 
albendazole, levamisole, sodium chloride, triclorfon, 
and copper sulfate, among others, are used in the 
treatment against different parasites that affect tambaqui 
(Campos et al., 2014; Farias et al., 2021; Tavares-Dias, 2021a; 
Tavares‐Dias, 2021b; Tavares‐Dias, 2021c; Sebastião et al., 
2022b; Nunes et al., 2023), however their inappropriate 
use may present a risk to consumers, the fish and the 
environment, can cause parasitic or bacterial resistance, or 
may even have low applicability when used on a commercial 
scale (Kawsar et al., 2022; Sebastião et al., 2022a), which 
therefore reinforces the need to search for bioactive 
substances such as essential oils (EOs) (Soares et al., 2017a; 
Soares et al., 2017b; Ferreira et al., 2019; Dawood et al., 2022).

Essential oils (EOs) are used in human medicine 
due to their antioxidant, antibacterial, antifungal, and 
analgesic properties (Burt, 2004; Mucha and Witkowska, 
2021), in addition to being used as flavorings in food, in 
perfume fragrances and in pharmaceutical products (Burt, 
2004; Mucha and Witkowska, 2021). In aquaculture, the 
antibacterial and antiparasitic properties of EOs have 
been studied in several fish species, with proven efficacy 
against several pathogenic organisms (Sutili et al., 2015; 
Dawood et al., 2021), in addition to their use as an anesthetic 
(Brandão et al., 2021) or immunostimulant (Brum et al., 
2017), among others. Furthermore, essential oils are more 
easily biodegradable, have a shorter residence time in 
water and are less likely to cause fish to become resistant 
to pathogens (Reverter et al., 2014; Tavares-Dias, 2018; 
Zhu, 2020; Dawood et al., 2021).

However, several steps are necessary in the choice of 
the most effective essential oil for pathological studies, 
and toxicity in particular is paramount since, just like 
any other drug, essential oils can have adverse effects if 
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2.3. Assessment of acute toxicity of essential oils

The acute toxicity tests were performed in circular tanks 
with a capacity of 70 liters that had a static system with 
constant aeration of the water and maintenance of the 
temperature at 29.9 ± 1.9 oC, using a thermostat positioned 
on the side of each tank. The fish were acclimated in 
these experimental units (n=8/tank) for seven days. The 
concentrations of EOs were determined based on data 
already published in the literature (Oliveira et al., 2018; 
Brandão et al., 2021; Queiroz et al., 2022), and followed 
by preliminary tests in which the lowest concentration 
capable of promoting 100% mortality and the highest 
concentration that does not cause fish mortality were 
established. The definitive tests were conducted in a 
completely randomized design, with six treatments and 
three replicates per plant; the six being made up of the 
control (only tank water) and concentrations of Aloysia 
triphylla EOs (60, 80, 100, 120 and 140 mg L-1), Lippia 
gracilis (35, 40, 45, 50 and 55 mg L-1) and Piper aduncum 
(42.5, 45, 47.5, 50 and 52.5 mg L-1). The essential oil was 
diluted in ethyl alcohol, in a ratio of 1:10 (mass/volume). 
The period of exposure to essential oils was set at four hours, 
as recommended by Malheiros et al. (2016), since it offers 
a good margin of safety for short-term therapeutic baths.

In the definitive tests, after four hours of exposure to the 
different concentrations of the essential oils, the mortality 
rate was calculated and the behavior of the fish was recorded 
in relation to the following parameters: loss of balance, 
changes in opercular movement and irregular swimming. 
The fish were considered dead when the opercular beats and 
the caudal fin had stopped and when they no longer 
responded to mechanical stimuli from the external 
environment, as per Ferreira et al. (2019). With the mortality 
data, the mean lethal concentration values (LC50-4 h) for 
each essential oil were calculated using the statistical 
method of Trimmed Spearman Karber (Hamilton et al., 
1978) and, from this information, the EOs were classified 
as to their toxicity to tambaqui, based on the criteria of 
Zucker (1985), which establishes that compounds with LC50 
values <0.1 mg L-1 are considered very highly toxic, between 
0.1 and 1.0 mg L-1 are highly toxic, in the range <1.0 and ≤10 
mg L-1 are moderately toxic, between >10 and ≤100 mg L-1 
are slightly toxic and >100 mg L-1 are practically non-toxic.

2.4. Histopathological analysis

After the toxicity test and after euthanasia, the gills of 
six fish from each treatment with the A. triphylla, L. gracilis 
and P. aduncum EOs, were collected from the 2 gill arches. 
The collected samples (12 per treatment) were fixed in 
5% buffered formalin for 24 h, subsequently dehydrated 
in an ascending series of ethanol (70, 80, 90 and 100%), 
diaphanized in xylol, impregnated and embedded in liquid 
paraffin at 60 °C. Slices of a thickness of 5 µm (two from each 
sample) were performed with the aid of semi-automatic 
microtome (Leica RM2245) and stained with hematoxylin 
and eosin. The secondary lamellae were examined under 
an optical microscope (Leica, DM 500) coupled to an 
image capture system. The semiquantitative analysis 
of gill damage was performed according to the method 
established by Poleksic and Mitrovic-Tutundzic (1994) 

using the histological alteration index (HAI) in the formula: 
HAI = 10º ΣI + 101 ΣII + 102 ΣIII, where: stage I damage – mild, 
does not compromise the functioning of the organ; Stage 
II damage – moderate, compromises the normal function 
of the organ and Stage III damage – severe, is irreversible.

2.5. Statistical analysis

The logistic regression model was used to determine the 
LC50-4 h of essential oils, as well as for the equation and the 
mortality curve. The values of the histological alteration 
index did not meet the assumptions of normality of Shapiro 
Wilk and homoscedasticity of Levene, so Kruskal-Wallis 
nonparametric statistics were applied, followed by Dunn’s 
test to compare the indices of histopathological alterations 
between treatments. The significance level used in all 
tests was 95% (p-value ≥ 0.05), and the software R, version 
4.0.2 was used.

3. Results

The main compounds found in the EOs of A. triphylla, L. 
gracilis and P. aduncum are shown in Figure 1. These EOs have as 
majority compounds β-pinene (22.1%), trans-pinocamphone 
(13.1%) and trans-pinocarveol acetate (7.6%) for A. triphylla, 
carvacrol (42.2%), p-cymene (11.2%) and γ-terpinene (10.7%) 
for L. gracilis, dillapiole (80.7%), trans-caryophyllene (4.6%) 
and myristicin (2.9%) for P. aduncum.

In the toxicity tests, there were no records of fish 
mortalities in the control group during the period of the 
experiment. For A. triphylla, mortalities increased starting 
from the concentration of 80 mg L-1, after 200 minutes of 
exposure, which represents a 12.5% mortality rate, and 
100% mortality rate was found at the highest concentration 
(140 mg L-1), with onset of mortalities after 25 minutes of 
application of the EO (Figure 2A). For L. gracilis, mortalities 
occurred at the lowest concentration (35 mg L-1), from 
120 minutes of exposure to the EO, representing a mortality 
rate of 29.17% of the total number of individuals. At the 
highest concentration of L. gracilis (55 mg L-1), the fish began 
to die after 30 minutes of exposure, reaching a rate of 100% 
at 240 minutes, this being the maximum time established 
(Figure 2B). Similarly, for P. aduncum, fish mortalities started 
at the lowest concentration (42.5 mg L-1) with 40 minutes 
of exposure. In the highest concentration of P. aduncum 
(52.5 mg L-1), the first mortality record occurred after 
25 minutes of exposure, reaching the rate of 100% before 
the maximum exposure time (240 minutes) (Figure 2C).

In all concentrations in which mortalities occurred, the 
fish showed behavioral changes such as erratic swimming, 
lethargy, agglomeration on the surface of the tanks, (where 
there is more aeration), loss of hydrodynamic balance, and 
muscle spasms. As for clinical signs, these were observed 
only in the highest concentrations, and included excessive 
production of mucus in the skin and gills, opaque gills and 
corneal opacity. On the other hand, in the concentrations 
of EOs in which the lowest mortality rates were recorded, a 
sedative effect of these EOs was observed. The fish showed 
partial loss of balance, without reacting to external stimuli, 
but recovered at the end of the exposure period when they 
returned to normal rearing conditions.
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Figure 1. Graphic representation of the major compounds of the essential oils of Aloysia triphylla (A), Lippia gracilis (B) and Piper aduncum (C).

Figure 2. Mortality rate (%) of juvenile tambaqui, Colossoma macropomum, subjected to different concentrations of essential oils of 
Aloysia triphylla (A), Lippia gracilis (B) and Piper aduncum (C) for 4 h, and concentration estimates lethal mean (LC50).
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The LC50-4 h of A. triphylla EO for tambaqui was 
109.57 mg L-1, with a lower limit of 99.54 mg L-1 and an 
upper limit of 113.02 mg L-1, considering a range of 95%. 
For L. gracilis, the LC50-4 h was 41.63 mg L-1, with lower 
and upper limits of 38.82 and 46.18 mg L-1, respectively. 
Regarding the EO of P. aduncum, the LC50-4 h was 
48.17 mg L-1, with a lower limit of 47.53 mg L-1 and an upper 
limit of 49.63 mg L-1. The equations of the dose-response 
relationship of the three EOs are presented in Figure 2.

By applying the criterion of Zucker (1985), the estimated 
LC50-4 h values for the essential oils of P. aduncum and 
L. gracilis were classified as slightly toxic and A. triphylla 
as practically non-toxic. Histopathological changes in 
the gills such as hypertrophy and hyperplasia of lamellar 
epithelial cells, lamellar fusion, epithelial detachment, 

capillary dilation and constriction, proliferation of chloride 
cells and mucosal cells, edema, epithelial rupture, lamellar 
aneurysm and necrosis were observed in fish exposed to 
different concentrations of the essential oils evaluated 
(Figure 3 and Table 1). In the treatments with the EOs 
of the three plants, the most frequent damage to the 
gill lamellae was classified as Grade I damage, such as 
hyperplasia of the lamellar epithelium and lamellar fusion, 
and with low frequency, Grade II damage, such as rupture 
of the lamellar epithelium (Table 1), and Grade III damage, 
necrosis, was observed in the gill lamellae of fish exposed 
to P. aduncum EO at the highest concentrations specifically 
where it shows a higher rate of histopathological changes 
(Figure 4), but despite this occurrence, the frequency was 
low in relation to the others (Table 1).

Figure 3. Major tissue damage observed in the gills of Colossoma macropomum, after 4 h of exposure to essential oils of Aloysia triphylla, 
Lippia gracilis and Piper aduncum. A: control treatment, with details of primary lamellae (PL) and secondary lamellae (SL). B: epithelial 
detachment (asterisks) at 40 mg L-1 concentration of L. gracilis essential oil. C: capillary dilation in the gills of fish exposed to 50 mg L-1 
of P. aduncum essential oil (arrow). D: lamellar fusion observed at the concentration of 35 mg L-1 of the essential oil of L. gracilis 
(thick arrow). E: lamellar aneurism (arrow) and proliferation of mucous cells (asterisks) in the gills of fish exposed to 60 mg L-1 of 
A. triphylla. F: necrosis observed in the gills of fish exposed to 50 mg L-1 of the essential oil of P. aduncum, with areas of cytoplasmic 
degeneration (asterisks).
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There was no difference between the mean values of 
the histopathological alteration index (HAI) recorded for 
the treatments with A. triphylla, P. aduncum and L. gracilis 
EOs (Figure 4). Significantly higher mean HAI values were 
observed in the treatment with 50 mg L-1 compared to the 
other treatments (Figure 4C and Table 1).

Considering the scale of tissue damage, the most 
frequent values of the histopathological alteration index 
(HAI) are between 11 and 20, and correspond to mild to 

Table 1. Relative frequency (%) of histological damage to gills of Colossoma macropomum after exposure to essential oils of Aloysia triphylla, 
Lippia gracilis and Piper aduncum.

Histopathological changes Degree
Essential oils

Aloysia triphylla Lippia gracilis Piper aduncum

Hypertrophy of lamellar epithelium Grade I 12.28 13.72 12.13

Hyperplasia of lamellar epithelium Grade I 12.85 13.90 12.58

Lamellar fusion Grade I 10.20 11.27 8.60

Detachment of the epithelium Grade I 12.85 13.90 11.96

Capillary dilation Grade I 9.64 12.59 9.92

Capillary constriction Grade I 3.96 8.08 5.50

Chloride cell proliferation Grade I 12.85 13.72 12.58

Proliferation of mucous cells Grade I 8.50 4.13 7.79

Edema Grade I 6.23 2.44 5.56

Epithelial rupture (hemorrhage) Grade II 2.64 3.94 1.37

Lamellar aneurysm Grade II 7.93 2.25 8.21

Necrosis Grade III 0 0 3.77

Total (%) 100 100 100

Table 2. Relative frequency (%) by the histopathological alteration index (HAI) scale observed in Colossoma macropomum gills after 
exposure to essential oils of Aloysia triphylla, Lippia gracilis and Piper aduncum.

Scale of HAI
Essential oil

Interpretation
Aloysia triphylla Lippia gracilis Piper aduncum

0-10 20.00 63.88 13.33 Normal functioning of the organ

11-20 75.00 27.77 60.00 Mild to moderate organ damage

21-50 4.16 8.33 5.00 Moderate to severe alterations in the organ

50-100 0.00 0.00 3.33 Severe alterations in the organ

> 100 0.00 0.00 18.33 Irreparable damage to the organ

moderate organ damage (75% for A. triphylla, 27.7% for 
L. gracilis and 60% for P. aduncum) (Table 2). HAI values 
between 21 and 50, which are indicative of moderate to 
severe alterations, were observed with a low percentage for 
the three EOs (Table 2). Severe and irreparable alterations, 
indicated by HAI values between 50 and 100 and greater 
than 100, were observed in the gills of the tambaqui 
with the use of the EO of P. aduncum (3.33% and 18.33%, 
respectively) (Table 2).
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4. Discussion

In addition to possessing information about their 
chemical composition, it is also necessary to know the 
toxic potential A. triphylla, L. gracilis and P. aduncum EOs 
have for fish, especially for native species, for which 
information is scarce (Malheiros et al., 2016; Oliveira et al., 
2018; Ferreira et al., 2019; Barriga et al., 2020).

Toxicity data for the use of P. aduncum essential oil in 
fish are scarce. The available information is on the use 
of the ethanol extract of P. aduncum for tambaqui in an 
exposure period of 12 h, with an LC50-12 h of 79 mg L-1 and 
a confidence interval of 66 to 92 mg L-1 with low toxicity 
(Queiroz et al., 2022). In this study, an LC50-4 h with the 
use of P. aduncum EO was established at 48.17 mg L-1 for 
tambaqui, showing a difference in fish tolerance, due to 
differences in protocols and products obtained (ethanol 
extract and essential oil) of P. aduncum. In addition, 
dillapiole, identified as the main chemical component, 
was present in 80.7% of the EO of P. aduncum used in this 
study, while for the ethanolic extract it represented 13.46% 
(Queiroz et al., 2022). On the other hand, for organisms 

of different trophic levels (plants, algae and nematodes), 
Miura et al. (2021) reported that the EO of P. aduncum 
(dillapiole, corresponding to 75.5% of the EO) affects the 
growth and mortality of these organisms, with greater 
sensitivity presented by microcrustaceans. This set of 
information underscores the importance of ecotoxicological 
assessments in establishing safe concentrations for target 
and non-target organisms.

Plants of the genus Lippia have been used for anesthetic 
induction in fish and in the treatment of diseases 
(Barriga et al., 2020; Brandão et al., 2021; Monteiro et al., 
2021). Regarding the EO of L. origanoides, the mean lethal 
concentration at 96 h for tambaqui was established at 
15.2 mg L-1 (Oliveira et al., 2018). This value is lower than 
that observed in this study for the EO of L. gracilis, which 
also has carvacrol (49.7%) in its composition and has 
values close to those of the composition of the EO used 
in this study (42.2%). Regarding LC50, the difference in the 
results may be related to the length of exposure, which 
in this study was 4 h, thus allowing tambaqui to tolerate 
a higher concentration LC50-4 h of 41.63 mg L-1, as well as 
the combined effect of the other constituents of the EO. 
In another toxicity study using the EO of L. grata, heterotypic 
of L. gracilis, tambaqui tolerated 700 mg L-1 for 30 minutes, 
and an anesthetic effect of this OE was observed after five 
minutes of exposure, but without mortality of the fish. 
Therefore, this concentration is recommended for use in 
therapeutic baths (Barriga et al., 2020). Differences in the 
evaluation protocols, in the size of the fish, which for L. grata 
was 30 g, are reasons for the difference found in the tolerance 
of tambaqui to the EO, since the percentage of the main 
chemical constituents of EO of L. grata, carvacrol (48.12%) 
and p-cymene (24.39%), were close to those found in the 
present study for L. gracilis (42.2% and 11.2%, respectively).

A. triphylla is one of the EOs that has been widely 
studied in aquaculture with respect to its anesthetic activity 
(Santos et al., 2017; Almeida et al., 2019). For tambaqui, with 
the use of 150 mg L-1 of A. triphylla EO, for 4.7 minutes, the 
fish reached anesthetic induction, without fish mortality 
(Brandão et al., 2021). In this toxicity study, there was no 
record of mortality of tambaquis within the first minutes 
or hours of exposure to A. triphylla EO, as reported by 
Brandão et al. (2021); however, after 3 h of exposure to the 
highest concentrations (120 and 140 mg L-1) and 4 h at the 
other concentrations (80 and 100 mg L-1), fish mortalities 
were recorded, with determination of LC50-4h for tambaqui 
at 109.57 mg L-1. Compared to the other EOs (L. gracilis and 
P. aduncum), tambaqui showed greater tolerance to the EO of 
A. triphylla, in whose composition the compounds β-pinene 
(22.1%), trans-pinocamphone (13.1%) and trans-pinocarvil 
acetate (7.6%) are present. According to the criterion of 
Zucker (1985), the EO of A. triphylla is classified as practically 
non-toxic, while the EOs of L. gracilis and P. aduncum were 
classified as slightly toxic, and attention should be paid to 
its use in disease treatment protocols for tambaqui.

Different types of morphological damage were 
observed in this study in the gills of fish exposed to 
the EOs of A. triphylla, L. gracilis and P. aduncum, with 
more frequent Grade I damage such as hypertrophy and 
hyperplasia of the lamellar epithelium, lamellar fusion, 
epithelial detachment and proliferation of chloride cells. 

Figure 4. Mean values of the histopathological alteration index 
(HAI) in the gills of Colossoma macropomum exposed to essential 
oils of Aloysia triphylla (A), Lippia gracilis (B) and Piper aduncum (C). 
Different letters on the bar indicate difference between treatments 
according to Dunn’s test (p<0.05).
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information in conjunction with the LC50-4 h values of 
the EOs evaluated in this study is of great importance for 
the establishment of safe concentrations to be used in 
protocols for the treatment of tambaqui diseases.

The essential oils of L. gracilis and P. aduncum were 
classified as mildly toxic and A. triphylla as practically 
non-toxic to tambaqui. According to the histological 
alteration index, most of the damage to the gills of fish 
with the use of essential oils were categorized as mild 
to moderate, but with a low frequency of severe damage 
such as aneurysms, in addition to irreversible damage such 
as necrosis in the highest concentrations of P. aduncum 
essential oil. These essential oils can be used sparingly, 
in low concentrations and short exposure periods.

Acknowledgements

The authors would like to thank Empresa Brasileira de 
Pesquisa Agropecuária - Embrapa (10.19.00.038.00.00), 
Fundação de Amparo à Pesquisa do Estado do 
Amazonas - Fapeam (call 002/2018 - Universal Amazonas 
and POSGRAD Fapeam - Resolution 006/2020 and 
005/2022) and Conselho Nacional de Desenvolvimento 
Científico e Tecnológico – CNPq (#315771/2020-8) for 
financial support and the productivity research grant 
awarded to E. C. Chagas. We also thank the lab assistant 
José Marconde da Costa e Silva, at Embrapa Amazônia 
Ocidental, and the scholarship holders Amanda Karla 
de Souza Monteiro, Nilce Ellen dos Santos and Marilson 
Farias Gama for their assistance in collecting biological 
material from the fish.

References

ALMEIDA, A.P.G., CORREIA, T.G., HEINZMANN, B.M., VAL, A.L. and 
BALDISSEROTTO, B., 2019. Stress-reducing and anesthetic 
effects of the essential oils of Aloysia triphylla and Lippia alba 
on Serrasalmus eigenmanni (Characiformes: serrasalmidae). 
Neotropical Ichthyology, vol. 17, no. 2, p. e190021. http://dx.doi.
org/10.1590/1982-0224-20190021.

AMERICAN PUBLIC HEALTH ASSOCIATION – APHA, 1992. Standard 
methods for the examination of water and waster. 18th ed. 
Washington, DC: American Public Health Association, 1050 p.

ASSOCIAÇÃO BRASILEIRA DA PISCICULTURA – PEIXE BR, 2023 
[viewed 8 June 2023]. Anuário brasileiro de piscicultura [online]. 
Peixe BR. Available from: https://www.peixebr.com.br/anuario/

BARRIGA, I.B., GONZALES, A.P.P.F., BRASILIENSE, A.R.P., CASTRO, 
K.N.C. and TAVARES‐DIAS, M., 2020. Essential oil of Lippia 
grata (Verbenaceae) is effective in the control of monogenean 
infections in Colossoma macropomum gills, a large Serrasalmidae 
fish from Amazon. Aquaculture Research, vol. 51, no. 9, 
pp. 3804-3812. http://dx.doi.org/10.1111/are.14728.

BERNET, D., SCHMIDT, H., MEIER, W., BURKHARDT-HOLM, P. and 
WAHLI, T., 1999. Histopathology in fish: proposal for a protocol 
to assess aquatic pollution. Journal of Fish Diseases, vol. 22, no. 1, 
pp. 25-34. http://dx.doi.org/10.1046/j.1365-2761.1999.00134.x.

BRANDÃO, F.R., FARIAS, C.F.S., SOUZA, D.C.M., OLIVEIRA, M.I.B., 
MATOS, L.V., MAJOLO, C., OLIVEIRA, M.R., CHAVES, F.C.M., 
O’SULLIVAN, F.L.A. and CHAGAS, E.C., 2021. Anesthetic potential 
of the essential oils of Aloysia triphylla, Lippia sidoides and Mentha 

These same damages were observed by Brandão et al. (2021) 
in tambaqui exposed to the EOs of A. triphylla, Lippia 
sidoides and M. piperita, and by Soares et al. (2017b) in 
tambaquis exposed to the EO of L. sidoides. Alterations 
such as hypertrophy and lamellar epithelial hyperplasia 
are considered a common and nonspecific response to 
subacute to chronic gill damage (Strzyzewska et al., 2016) 
and, together with the other alterations, may be indicative 
of a stress condition, as they evidence the functional 
activation of the osmoregulation organ (Spanghero et al., 
2019; Vieira et al., 2019). In this study, Grade II damage, 
such as lamellar epithelial rupture and lamellar aneurysm, 
occurred at a low frequency and were recorded after 
exposure to the three EOs evaluated. These damages 
are more severe and can compromise the functioning of 
the gills, which is the organ responsible for gas and ion 
exchange, but they are repairable if adverse conditions 
are controlled (Bernet et al., 1999).

The semi-quantitative analysis of gill damage, evidenced 
by the mean HAI values, showed that the fish exposed to 
the EO of A. triphylla presented mild to moderate damage 
(75%), a pattern also observed by Brandão et al. (2021) 
and one which showed normal functioning (75%) and 
mild to moderate damage to the tambaqui gills (16.7%) 
with the use of the same EO, during anesthetic induction, 
at a concentration of 150 mg L-1. For the EO of L. gracilis, 
the HAI ranged from 9.6 to 14.1, with normal functioning 
(63.88%) and mild to moderate damage to the gills of the 
fish (27.77%). These results are similar to those observed 
with the EO of L. origanoides, which has carvacrol as the 
majority compound of this EO (49.7%) and in a percentage 
close to that of the EO of L. gracilis, with the description 
of moderate to severe damage, with the use of 40 mg L-1 
for 30 minutes. However, after 24 h of recovery, these 
were classified as mild to moderate damage (Soares et al., 
2017b). In the highest concentrations of P. aduncum 
(47.5, 50 and 52.5 mg L-1), the gills were affected to a 
greater extent, with HAI values ranging from 48.83 to 65.33. 
At the concentration of 50 mg L-1 severe and irreversible 
alterations in the gills of fish were observed, such as necrosis 
(Grade III damage). Severe and irreparable damage was 
observed in the gills of tambaqui exposed to the EOs of two 
species of Lippia, with the use of EO of L. alba for 30 minutes 
at concentrations of 100 and 150 mg L-1; the HAI ranged 
between 66 and 121 and, with the EO of L. sidoides (20 mg 
L-1 for 15 minutes), whose mean value of HAI was 119.5 and, 
in both cases, there was an occurrence of lamellar necrosis 
(Soares et al., 2016; Soares et al., 2017b).

It is important to highlight that the occurrence of 
aneurysm is due to the collapse of the pillar cell system 
and that it can culminate in the rupture of the lamellar 
epithelium (Grade II damage). These changes are reversible 
if the predisposing condition is adjusted, but if the exposure 
to the aggressor agent is prolonged the damage can progress 
to Grade III, (Poleksic and Mitrovic-Tutundzic, 1994; 
Winkaler et al., 2007). These alterations were observed 
in this study in the highest concentrations of P. aduncum, 
L. gracilis and A. triphylla EOs, and are responsible for 
the highest degree of gill impairment and consequent 
reduction in respiratory capacity of the fish, which can 
lead to their mortality. Therefore, the use of histological 

https://doi.org/10.1590/1982-0224-20190021
https://doi.org/10.1590/1982-0224-20190021
https://doi.org/10.1111/are.14728
https://doi.org/10.1046/j.1365-2761.1999.00134.x


Brazilian Journal of Biology, 2023, vol. 83, e272853 9/10

Acute toxicity of essential oils

vol. 8, no. 3, p. e09060. http://dx.doi.org/10.1016/j.heliyon.2022.
e09060. PMid:35284681.

MACIEL, P.O., GARCIA, F., CHAGAS, E.C., FUJIMOTO, R.Y. and 
TAVARES-DIAS, M., 2018. Trichodinidae in commercial fish in 
South America. Reviews in Fish Biology and Fisheries, vol. 28, 
no. 1, pp. 33-56. http://dx.doi.org/10.1007/s11160-017-9490-1.

MALHEIROS, D.F., MACIEL, P.O., VIDEIRA, M.N. and TAVARES-DIAS, M., 
2016. Toxicity of the essential oil of Mentha piperita in Arapaima 
gigas (pirarucu) and antiparasitic effects on Dawestrema spp. 
(Monogenea). Aquaculture, vol. 455, pp. 81-86. http://dx.doi.
org/10.1016/j.aquaculture.2016.01.018.

MIURA, P.T., QUEIROZ, S.C.N., JONSSON, C.M., CHAGAS, E.C., CHAVES, 
F.C.M. and REYES, F.G., 2021. Study of the chemical composition 
and ecotoxicological evaluation of essential oils in Daphnia magna 
with potential use in aquaculture. Aquaculture Research, vol. 52, 
no. 7, pp. 3415-3424. http://dx.doi.org/10.1111/are.15186.

MONTEIRO, P.C., OLIVEIRA, M.I.B., BRANDÃO, F.R., FARIAS, C.F.S., 
MAJOLO, C., CHAVES, F.C.M., BIZZO, H.R., O’SULLIVAN, F.L.A., 
MARTINS, M.L. and CHAGAS, E.C., 2021. Short‐term baths 
with essential oils of Lippia sidoides, Ocimum gratissimum and 
Zingiber officinale influence blood parameters and survival 
of tambaqui (Colossoma macropomum) after infection with 
Aeromonas hydrophila. Aquaculture Research, vol. 53, pp. 265-275. 
http://dx.doi.org/10.1111/are.15572.

MUCHA, W. and WITKOWSKA, D., 2021. The applicability of essential 
oils in different stages of production of animal-based foods. 
Molecules, vol. 26, no. 13, p. 3798. http://dx.doi.org/10.3390/
molecules26133798. PMid:34206449.

NUNES, B.R.C., LOPES, Y.V.A., SOUZA, R.H.B., PAZDIORA, R.D., 
USHIZIMA, T.T., MEDEIROS, S.P., CORRÊA, L.T., CARDOSO, 
I.I., ANDRADE, M.V.V., MACIEL-HONDA, P.O., CHAGAS, E.C. 
and SEBASTIÃO, F.A., 2023. Treatments for the control of 
Neoechinorhynchus buttnerae (Acanthocephala) in tambaqui 
Colossoma macropomum. Aquaculture International, vol. 31, no. 3, 
pp. 1821-1835. http://dx.doi.org/10.1007/s10499-023-01057-z.

OLIVEIRA, M.I.B., BRANDÃO, F.R., SILVA, M.J.R., ROSA, M.C., FARIAS, 
C.F.S., SANTOS, D.S., MAJOLO, C., OLIVEIRA, M.R., CHAVES, 
F.C.M., BIZZO, H.R., TAVARES-DIAS, M. and CHAGAS, E.C., 2021. 
In vitro anthelmintic efficacy of essential oils in the control 
of Neoechinorhynchus buttnerae, an endoparasite of Colossoma 
macropomum. The Journal of Essential Oil Research, vol. 33, no. 5, 
pp. 509-522. http://dx.doi.org/10.1080/10412905.2021.1921065.

OLIVEIRA, S.R.N., OLIVEIRA, M.A.S., BRANDÃO, F.R., MAJOLO, C., CHAVES, 
F.C.M. and CHAGAS, E.C., 2018. Toxicidade do óleo essencial de Lippia 
origanoides em Tambaqui (Colossoma macropomum) e seu efeito 
frente a Aeromonas hydrophila. Boletim do Instituto de Pesca, vol. 44, 
no. 2, pp. 214-218. http://dx.doi.org/10.20950/1678-2305.2018.346.

PEREIRA, J.N. and MOREY, G.A.M., 2018. First record of Neoechinorhynchus 
buttnerae (Eoacantocephala, Neochinorhynchidae) on Colossoma 
macropomum (Characidae) in a fish farm in Roraima, Brazil. Acta 
Amazonica, vol. 48, no. 1, pp. 42-45. http://dx.doi.org/10.1590/1809-
4392201702411.

POLEKSIC, V. and MITROVIC-TUTUNDZIC, V., 1994. Fish gills as a monitor 
of sublethal and chronic effects of pollution. In: R. MUELLER and R. 
LLOYD, eds. Sublethal and chronic effects of pollutants on freshwater 
fish. Oxford: Fishing News Books, pp. 339-352.

QUEIROZ, M.N., TORRES, Z.E.S., POHLIT, A.M., ONO, E.A. and 
AFFONSO, E.G., 2022. Therapeutic potential of Piper aduncum leaf 
extract in the control of monogeneans in tambaqui (Colossoma 
macropomum). Aquaculture, vol. 552, p. 738024. http://dx.doi.
org/10.1016/j.aquaculture.2022.738024.

REVERTER, M., BONTEMPS, N., LECCHINI, D., BANAIGS, B. and SASAL, 
P., 2014. Use of plant extracts in fish aquaculture as an alternative 

piperita for Colossoma macropomum. Aquaculture, vol. 534, 
p. 736275. http://dx.doi.org/10.1016/j.aquaculture.2020.736275.

BRUM, A., PEREIRA, S.A., OWATARI, M.S., CHAGAS, E.C., CHAVES, 
F.C.M., MOURINO, J.L.P. and MARTINS, M.L., 2017. Effect of 
dietary essential oils of clove basil and ginger on Nile tilapia 
(Oreochromis niloticus) following challenge with Streptococcus 
agalactiae. Aquaculture, vol. 468, pp. 235-243. http://dx.doi.
org/10.1016/j.aquaculture.2016.10.020.

BURT, S., 2004. Essential oils: their antibacterial properties and 
potential applications in foods—a review. International Journal 
of Food Microbiology, vol. 94, no. 3, pp. 223-253. http://dx.doi.
org/10.1016/j.ijfoodmicro.2004.03.022. PMid:15246235.

CAMPOS, C.M., RODRIGUES, R.A., OLIVEIRA, C.A.L., NUNES, 
A.L., FANTINI, L.E. and USHIZIMA, T.T., 2014 [viewed 8 
June 2023]. Potassium permanganate as therapeutic agent 
in control of Epistylis sp. in cachara Pseudoplatystoma 
reticulatum and its effects in hematology. Boletim do Instituto 
de Pesca [online], vol. 40, no. 2, pp. 157-166. Available 
from: https://institutodepesca.org/index.php/bip/article/
download/1030/1009

CHAGAS, E.C., AQUINO-PEREIRA, S.L., BENAVIDES, M.V., 
BRANDÃO, F.R., MONTEIRO, P.C. and MACIEL, P.O., 2019. 
Neoechinorhynchus buttnerae parasitic infection in tambaqui 
(Colossoma macropomum) on fish farms in the state of Amazonas. 
Boletim do Instituto de Pesca, vol. 45, no. 2, pp. 1-6. http://dx.doi.
org/10.20950/1678-2305.2019.45.2.499.

DAWOOD, M.A.O., EL BASUINI, M.F., YILMAZ, S., ABDEL-LATIF, H.M.R., 
ALAGAWANY, M., KARI, Z.A., RAZAB, M.K.A.A., HAMID, N.K.A., 
MOONMANEE, T. and VAN DOAN, H.V., 2022. Exploring the 
roles of dietary herbal essential oils in aquaculture: a review. 
Animals, vol. 12, no. 7, pp. 823-841. http://dx.doi.org/10.3390/
ani12070823. PMid:35405814.

DAWOOD, M.A.O., EL BASUINI, M.F., ZAINELDIN, A.I., YILMAZ, S., 
HASAN, M.T., AHMADIFAR, E., EL ASELY, A.M., ABDEL-LATIF, 
H.M.R., ALAGAWANY, M., ABU-ELALA, N.M., VAN DOAN, H. and 
SEWILAM, H., 2021. Antiparasitic and antibacterial functionality 
of essential oils: an alternative approach for sustainable 
aquaculture. Pathogens, vol. 10, no. 2, p. 185. http://dx.doi.
org/10.3390/pathogens10020185. PMid:33572193.

FARIAS, C.F.S., BRANDÃO, F.R., SEBASTIÃO, F.A., SOUZA, D.C.M., 
MONTEIRO, P.C., MAJOLO, C. and CHAGAS, E.C., 2021. Albendazole 
and praziquantel for the control of Neoechinorhynchus buttnerae 
in tambaqui (Colossoma macropomum). Aquaculture International, 
vol. 29, no. 4, pp. 1495-1505. http://dx.doi.org/10.1007/s10499-
021-00687-5.

FERREIRA, L.C., CRUZ, M.G., LIMA, T.B.C., SERRA, B.N.V., CHAVES, 
F.C.M., CHAGAS, E.C., VENTURA, A.S. and JERÔNIMO, G.T., 2019. 
Antiparasitic activity of Mentha piperita (Lamiaceae) essential 
oil against Piscinoodinium pillulare and its physiological effects 
on Colossoma macropomum (Cuvier, 1818). Aquaculture, vol. 512, 
p. 734343. http://dx.doi.org/10.1016/j.aquaculture.2019.734343.

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS 
– FAO, 2022 [viewed 8 June 2023]. The state of world fisheries and 
aquaculture: towards blue transformation [online]. Rome: FAO. 
Available from: https://www.fao.org/3/cc0461en/cc0461en.pdf

HAMILTON, M.A., RUSSO, R.C. and THURSTON, R.V., 1978. Trimmed 
Spearman-Karber method for estimating median lethal 
concentrations in bioassays. Environmental Science & Technology, 
vol. 12, no. 4, p. 417. http://dx.doi.org/10.1021/es60140a017.

KAWSAR, M.A., ALAM, M.T., PANDIT, D., RAHMAN, M.M., MIA, 
M., TALUKDAR, A. and SUMON, T.A., 2022. Status of disease 
prevalence, drugs and antibiotics usage in pond-based 
aquaculture at Narsingdi district, Bangladesh: a major public 
health concern and strategic appraisal for mitigation. Heliyon, 

https://doi.org/10.1016/j.heliyon.2022.e09060
https://doi.org/10.1016/j.heliyon.2022.e09060
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35284681&dopt=Abstract
https://doi.org/10.1007/s11160-017-9490-1
https://doi.org/10.1016/j.aquaculture.2016.01.018
https://doi.org/10.1016/j.aquaculture.2016.01.018
https://doi.org/10.1111/are.15186
https://doi.org/10.1111/are.15572
https://doi.org/10.3390/molecules26133798
https://doi.org/10.3390/molecules26133798
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34206449&dopt=Abstract
https://doi.org/10.1007/s10499-023-01057-z
https://doi.org/10.1080/10412905.2021.1921065
https://doi.org/10.20950/1678-2305.2018.346
https://doi.org/10.1590/1809-4392201702411
https://doi.org/10.1590/1809-4392201702411
https://doi.org/10.1016/j.aquaculture.2022.738024
https://doi.org/10.1016/j.aquaculture.2022.738024
https://doi.org/10.1016/j.aquaculture.2020.736275
https://doi.org/10.1016/j.aquaculture.2016.10.020
https://doi.org/10.1016/j.aquaculture.2016.10.020
https://doi.org/10.1016/j.ijfoodmicro.2004.03.022
https://doi.org/10.1016/j.ijfoodmicro.2004.03.022
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15246235&dopt=Abstract
https://doi.org/10.20950/1678-2305.2019.45.2.499
https://doi.org/10.20950/1678-2305.2019.45.2.499
https://doi.org/10.3390/ani12070823
https://doi.org/10.3390/ani12070823
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35405814&dopt=Abstract
https://doi.org/10.3390/pathogens10020185
https://doi.org/10.3390/pathogens10020185
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33572193&dopt=Abstract
https://doi.org/10.1007/s10499-021-00687-5
https://doi.org/10.1007/s10499-021-00687-5
https://doi.org/10.1016/j.aquaculture.2019.734343
https://doi.org/10.1021/es60140a017


Brazilian Journal of Biology, 2023, vol. 83, e27285310/10

Santos, P.R. et al.

catfish. Pesquisa Agropecuária Brasileira, vol. 54, p. e00367. 
http://dx.doi.org/10.1590/s1678-3921.pab2019.v54.00367.

STRZYZEWSKA, E., SZAREK, J. and BABINSKA, I., 2016. Morphologic 
evaluation of the gills as a tool in the diagnostics of pathological 
conditions in fish and pollution in the aquatic environment: 
a review. Veterinarni Medicina, vol. 61, no. 3, pp. 123-132. 
http://dx.doi.org/10.17221/8763-VETMED.

SUTILI, F.J., SILVA, L.L., GRESSLER, L.T., GRESSLER, L.T., BATTISTI, 
E.K., HEINZMANN, B.M., VARGAS, A.P.C. and BALDISSEROTTO, 
B., 2015. Plant essential oils against Aeromonas hydrophila in 
vitro activity and their use in experimentally infected fish. 
Journal of Applied Microbiology, vol. 119, no. 1, pp. 47-54. 
http://dx.doi.org/10.1111/jam.12812. PMid:25810355.

TAVARES-DIAS, M. and MARTINS, M.L., 2017. An overall estimation 
of losses caused by diseases in the Brazilian fish farms. Journal 
of Parasitic Diseases, vol. 41, no. 4, pp. 913-918. http://dx.doi.
org/10.1007/s12639-017-0938-y. PMid:29114119.

TAVARES-DIAS, M., 2018. Current knowledge on use of essential oils 
as alternative treatment against fish parasites. Aquatic Living 
Resources, vol. 31, p. 13. http://dx.doi.org/10.1051/alr/2018001.

TAVARES-DIAS, M., 2021a. Toxic, physiological, histomorphological, 
growth performance and antiparasitic effects of copper 
sulphate in fish aquaculture. Aquaculture, vol. 535, p. 736350. 
http://dx.doi.org/10.1016/j.aquaculture.2021.736350.

TAVARES‐DIAS, M., 2021b. Toxicity, physiological, histopathological 
and antiparasitic effects of the formalin, a chemotherapeutic 
of fish aquaculture. Aquaculture Research, vol. 52, no. 5, 
pp. 1803-1823. http://dx.doi.org/10.1111/are.15069.

TAVARES‐DIAS, M., 2021c. Toxicity, physiological, histopathological, 
handling, growth and antiparasitic effects of the sodium chloride 
(salt) in the freshwater fish aquaculture. Aquaculture Research, 
vol. 53, no. 3, pp. 715-734. http://dx.doi.org/10.1111/are.15616.

VALENTI, W.C., BARROS, H.P., MORAES-VALENTI, P., BUENO, G.W. 
and CAVALLI, R.O., 2021. Aquaculture in Brazil: past, present 
and future. Aquaculture Reports, vol. 19, p. 100611. http://dx.doi.
org/10.1016/j.aqrep.2021.100611.

VIEIRA, J.A.R.A., SILVA, G.S., MATOS, L.V., OLIVEIRA, M.I.B. and 
ALMEIDA E VAL, V.M.F., 2019. Avaliação dos efeitos do Roundup® 
e da hipóxia sobre os parâmetros hematológicos e histologia 
branquial de Colossoma macropomum (Cuvier, 1818). Scientia 
Amazonia, vol. 8, no. 2, pp. CAm16-CAm28.

WINKALER, E.U., SANTOS, T.R.M., MACHADO-NETO, J.G. and 
MARTINEZ, C.B.R., 2007. Acute lethal and sublethal effects 
of neem leaf extract on the neotropical freshwater fish 
Prochilodus lineatus. Comparative Biochemistry and Physiology. 
Part C: Toxicology & Pharmacology, vol. 145, no. 2, pp. 236-244. 
http://dx.doi.org/10.1016/j.cbpc.2006.12.009. PMid:17251062.

ZHU, F., 2020. A review on the application of herbal medicines in 
the disease control of aquatic animals. Aquaculture, vol. 526, p. 
735422. http://dx.doi.org/10.1016/j.aquaculture.2020.735422.

ZUCKER, E., 1985. Acute toxicity test for freshwater fish. Washington, 
DC: United States Enviromental Protection Agency.

to chemotherapy: current status and future perspectives. 
Aquaculture, vol. 433, pp. 50-61. http://dx.doi.org/10.1016/j.
aquaculture.2014.05.048.

SANTOS, A.C., BANDEIRA JUNIOR, G., ZAGO, D.C., ZEPPENFELD, C.C., 
SILVA, D.T., HEINZMANN, B.M., BALDISSEROTTO, B. and CUNHA, 
M.A., 2017. Anesthesia and anesthetic action mechanism of essential 
oils of Aloysia triphylla and Cymbopogon flexuosus in silver catfish 
(Rhamdia quelen). Veterinary Anaesthesia and Analgesia, vol. 44, no. 1, 
pp. 106-113. http://dx.doi.org/10.1111/vaa.12386. PMid:27216232.

SANTOS, M., PEIXOTO, J., MADI, R.R. and ESPÓSITO, T., 2018. Protozoan 
and metazoan parasites of juvenile Tambaqui Colossoma 
macropomum farmed in the lower São Francisco, Brazil. Acta of 
Fisheries and Aquatic Resources, vol. 6, no. 1, pp. 29-34.

SEBASTIÃO, F.A., MAJOLO, C., MARTINS, V.F.S., BOIJINK, C.L., 
BRANDÃO, F.R., PEREIRA, S.L.A., FUJIMOTO, R.Y. and CHAGAS, 
E.C., 2022a. Antimicrobial resistance profile of Aeromonas spp. 
isolated from asymptomatic Colossoma macropomum cultured 
in the Amazonas State, Brazil. Brazilian Journal of Biology = 
Revista Brasileira de Biologia, vol. 82, p. e260773. http://dx.doi.
org/10.1590/1519-6984.260773. PMid:36629538.

SEBASTIÃO, F.A., ROCHA, M.J.S., BRANDÃO, F.R., OLIVEIRA, M.I.B., 
SOUZA, D.C.M., BARBOSA, B.C.N., MONTEIRO, P.C., MAJOLO, C., 
CRESCÊNCIO, R., TAVARES-DIAS, M. and CHAGAS, E.C., 2022b. 
Evaluation of the clinical safety and efficacy of fenbendazole 
and levamisole in the control of Neoechinorhynchus buttnerae in 
Colossoma macropomum. Aquaculture International, vol. 30, no. 3, 
pp. 1341-1351. http://dx.doi.org/10.1007/s10499-022-00854-2.

SHINN, A., PRATOOMYOT, J., BRON, J., PALADINI, G., BROOKER, E. 
and BROOKER, A., 2015. Economic impacts of aquatic parasites on 
global finfish production. Portsmouth: Global Seafood Alliance.

SOARES, B.V., CARDOSO, A.C.F., CAMPOS, R.R., GONÇALVES, B.B., 
SANTOS, G.G., CHAVES, F.C.M., CHAGAS, E.C. and TAVARES-DIAS, 
M., 2017a. Antiparasitic, physiological and histological effects 
of the essential oil of Lippia origanoides (Verbenaceae) in native 
freshwater fish Colossoma macropomum. Aquaculture, vol. 469, 
pp. 72-78. http://dx.doi.org/10.1016/j.aquaculture.2016.12.001.

SOARES, B.V., NEVES, L.R., FERREIRA, D.O., OLIVEIRA, M.S.B., CHAVES, 
F.C.M., CHAGAS, E.C., GONÇALVES, R.A. and TAVARES-DIAS, M., 
2017b. Antiparasitic activity, histopathology and physiology of 
Colossoma macropomum (tambaqui) exposed to the essential 
oil of Lippia sidoides (Verbenaceae). Veterinary Parasitology, 
vol. 234, pp. 49-56. http://dx.doi.org/10.1016/j.vetpar.2016.12.012. 
PMid:28115182.

SOARES, B.V., NEVES, L.R., OLIVEIRA, M.S.B., CHAVES, F.C.M., DIAS, 
M.K.R., CHAGAS, E.C. and TAVARES-DIAS, M., 2016. Antiparasitic 
activity of the essential oil of Lippia alba on ectoparasites of 
Colossoma macropomum (tambaqui) and its physiological and 
histopathological effects. Aquaculture, vol. 452, pp. 107-114. 
http://dx.doi.org/10.1016/j.aquaculture.2015.10.029.

SPANGHERO, D.B.N., SPANGHERO, E.C.A.M., PEDRON, J.S., CHAGAS, 
E.C., CHAVES, F.C.M. and ZANIBONI-FILHO, E., 2019. Peppermint 
essential oil as an anesthetic for and toxicity to juvenile silver 

https://doi.org/10.1590/s1678-3921.pab2019.v54.00367
https://doi.org/10.17221/8763-VETMED
https://doi.org/10.1111/jam.12812
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25810355&dopt=Abstract
https://doi.org/10.1007/s12639-017-0938-y
https://doi.org/10.1007/s12639-017-0938-y
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29114119&dopt=Abstract
https://doi.org/10.1051/alr/2018001
https://doi.org/10.1016/j.aquaculture.2021.736350
https://doi.org/10.1111/are.15069
https://doi.org/10.1111/are.15616
https://doi.org/10.1016/j.aqrep.2021.100611
https://doi.org/10.1016/j.aqrep.2021.100611
https://doi.org/10.1016/j.cbpc.2006.12.009
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17251062&dopt=Abstract
https://doi.org/10.1016/j.aquaculture.2020.735422
https://doi.org/10.1016/j.aquaculture.2014.05.048
https://doi.org/10.1016/j.aquaculture.2014.05.048
https://doi.org/10.1111/vaa.12386
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27216232&dopt=Abstract
https://doi.org/10.1590/1519-6984.260773
https://doi.org/10.1590/1519-6984.260773
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36629538&dopt=Abstract
https://doi.org/10.1007/s10499-022-00854-2
https://doi.org/10.1016/j.aquaculture.2016.12.001
https://doi.org/10.1016/j.vetpar.2016.12.012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28115182&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28115182&dopt=Abstract
https://doi.org/10.1016/j.aquaculture.2015.10.029

