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1  |  INTRODUC TION

In the last decades, global aquaculture industry has succeeded 
and continues to increase while achieving the critical goals of en-
vironmental, economic and societal sustainability. Aquaculture 
is, therefore, the fastest growing agricultural activity, but it needs 
technological innovations to achieve improvements in the health 
management of farmed fish and thus avoid parasitic outbreaks and 
economic losses, which are the main obstacles to the development 
of this activity on an industrial scale (Luz et al., 2021; Soler-Jiménez 
et al., 2017; Tavares-Dias, 2018). In this scenario, the nanotechnology 

can reduce the economic losses caused by mass mortality in fish 
farming, as it has emerged as a new science and technology plat-
form aimed at the development and transformation of agrifood 
systems, producing more qualified and disease-free products (Luis 
et al.,  2019; Malheiros et al.,  2020; Pimentel-Acosta et al.,  2019; 
Shah & Mraz, 2020).

Currently, there is a growing search for environmentally friendly 
antiparasitic treatments, such as the use of oils derived from medici-
nal plants (Costa et al., 2017; Gonzales et al., 2020; Ling et al., 2015; 
Luz et al.,  2021; Morales-Serna et al.,  2019; Soares et al.,  2016; 
Tavares-Dias,  2018). However, essential oils and oleoresins may 
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Abstract
This study investigated for the first time the anthelmintic efficacy of therapeu-
tic baths with Copaifera reticulata oleoresin and nanoemulsion with this oleoresin 
against monogeneans of Colossoma macropomum, as well as the haematological 
and histological effects in this fish. In the therapeutic baths of three consecutives 
were used 100 mg/L of C. reticulata oleoresin or 250 mg/L of nanoemulsion contain-
ing C. reticulata oleoresin. Therapeutic baths with 100 mg/L of C. reticulata oleoresin 
had anthelmintic an efficacy of 48.5% against monogeneans (Anacanthorus spathu-
latus, Notozothecium janauachensis and Mymarothecium boegeri), while baths with 
nanoemulsion of C. reticulata oleoresin had not anthelmintic efficacy, which was dis-
cussed. Baths for 1 h with 100 mg/L of C. reticulata oleoresin or 2 h with 250 mg/L of 
C. reticulata nanoemulsion increased levels of plasma total protein and glucose, mean 
corpuscular volume (MCV) and neutrophils number in C. macropomum and decreased 
in the number of total leucocytes and lymphocytes. In the gills of fish exposed and 
controls occurred detachment of the epithelium, hyperplasia and hypertrophy, result-
ing in moderate fusion of the secondary lamellae. Therefore, therapeutic baths with 
C. reticulata oleoresin and nanoemulsion of C. reticulata oleoresin have a low toxicity 
to C. macropomum, as there were few changes to the blood parameters.
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have the desired efficacy compromised, due to low water solubility, 
which is the major disadvantages for the use in fish farms (Costa 
et al.,  2017; Malheiros et al.,  2020; Tavares-Dias,  2018). This can 
be solved with the use of nanotechnology because nanostructured 
tools can remove barriers that hinder the success of the fishing in-
dustry but its application is still recent (Khosravi-Katuli et al., 2017; 
Luis et al., 2019; Shah & Mraz, 2020).

Aquaculture industry can be revolutionized by nanotechnol-
ogy with new tools for rapid disease detection and treatments. 
Recently, we demonstrated that nanoemulsions with oleoresin 
of Copaifera reticulata Duckei improved in vitro anthelmintic ef-
ficacy in the control of monogeneans Anacanthorus spathula-
tus, Notozothecium janauachensis and Mymarothecium boegeri of 
Colossoma macropomum, when compared to oleoresin without 
nanoformulation. In addition, tolerance assays with C. reticu-
lata oleoresin and showed that C. macropomum tolerated only 
100 mg/L, while 250 mg/L of the nanoemulsions of C. reticulata 
oleoresin has been tolerated during 2  h of exposure (Malheiros 
et al., 2020). Therefore, we showed that the loading of bioactive 
constituents such as oleoresin in a nanoemulsion system has been 
a significant method for increasing potential activity of medicinal 
plants, due to decreased toxicity, reduced volatility and increased 
stability of active components in parasites. However, nanoemul-
sions with oleoresin of C. reticulata and oleoresin without nano-
formulation has been not used to evaluate in vivo anthelmintic 
efficacy in the control of monogeneans in fish.

Copaifera reticulata is large tree of the Leguminosae family found 
in the Amazon Rainforest, and it has a resin with a non-volatile 
portion consisting mainly of acid diterpenes and sesquiterpenes, 
including γ-macrocarpene, α-bergamotene, β-selinene and β-
caryophyllene. These majority compounds of C. reticulata oleoresin 
have shown in vitro efficacy against monogeneas of C. macropomum 
(Malheiros et al.,  2020) and therefore exists a growing interest in 
the use of oils derivate of medicinal plants and their bioactive com-
pounds for controlling and treating fish infected by monogeneans 
(Luis et al., 2019; Malheiros et al., 2020; Morales-Serna et al., 2019; 
Tavares-Dias, 2018), including oleoresin in nanoemulsion. Thus, this 
study compared the anthelmintic efficacy of therapeutic baths with 
C. reticulata oleoresin and nanoemulsions prepared with this oleo-
resin in the control of monogeneans on the gills of C. macropomum 
and studied the effects of the treatments in haematology and histo-
pathology of this fish exposed.

2  |  MATERIAL S AND METHODS

2.1  |  Fish and acclimation

Fingerlings of Colossoma macropomum (±15 cm) were purchased of a 
commercial fish farm from Macapá (AP) and kept in the Aquaculture 
and Fisheries Laboratory of Embrapa, Macapá, Amapá state (Brazil). 
The fish were acclimatized in 500 L tanks with constant aeration 
and continuous water renewal (1.1  L/min), fed twice a day with a 

commercial ration containing 32% crude protein (Guabi®, Brazil). 
These fish naturally infested by monogeneans were used in all trials.

The following water quality parameters were monitored daily: 
temperature (29.7 ± 0.1°C), dissolved oxygen (5.5 ± 0.2  mg/L), pH 
(5.8 ± 0.2), ammonia (0.4 ± 0.2  mg/L), alkalinity (10.0 ± 0.001 mg/L) 
and hardness (10.0 ± 0 mg/L), with the aid of a multiparameter probe 
(YSI, USA). The tank was siphoned weekly to remove organic matter 
accumulated at the bottom.

2.2  |  Therapeutic baths with oleorresina of  
C. reticulata and nanoemulsion with this oleoresin 
against monogeneans of C. macropomum

A total of 180 fingerlings of C. macropomum (59.9 ± 29.7  g and 
17.6 ± 9.8 cm), naturally parasitized, were distributed in 100 L tanks 
and acclimatized during 7 days in a static water system and with 
constant aeration. The experimental design consisted of baths with 
100 mg/L of C. reticulata oleoresin and with 250 mg/L of C. reticulata 
oleoresin nanoemulsion. Each treatment was performed with three 
replicates, containing 10 fish per replicate (30 fish per treatment). In 
the baths with C. reticulata oleoresin, two control groups were used: 
one with water from the culture tank and the other with water from 
the culture tank + DMSO. In the baths with C. reticulata nanoemul-
sion two control groups were used: one with water from the culture 
tank and the other with water from the culture tank + Tween 20. 
Baths with 100 mg/L of C. reticulata oleoresin were performed dur-
ing 1 h per day, while baths with 250 mg/L of C. reticulata oleoresin 
nanoemulsion were performed during 2  h per day. All baths were 
performed on three consecutive days and the tanks were main-
tained with constant aeration and without water renewal. During 
the baths, the fish remained fasting, and every 15 min they were ob-
served to record changes in behaviour such as erratic swimming, agi-
tation, jumping, convulsion, accelerated opercular beating, tipping 
over, lethargy and death (Malheiros et al., 2020).

After the last therapeutic bath, to evaluate the efficacy of the 
treatments, the fish were euthanized by medullar section. Ten fish 
from each of the three replicates (30 fish per treatment) were nec-
ropsied and the gills were collected and fixed in 5% formalin for later 
quantification of monogeneans. Subsequently, the prevalence and 
mean abundance of monogeneans (Bush et al., 1997) and the effi-
cacy of therapeutic baths (Wang et al., 2008) were determined.

2.3  |  Blood parameters of C. macropomum exposed 
to oleoresin of C. reticulata and nanoemulsion with 
this oleoresin

After the therapeutic baths, five fish were collected from each of 
three replicates (15 and fish per treatment) for evaluation of blood 
parameters. Blood sample was collected by puncture of the caudal 
vessel using syringes containing EDTA (10%), and it was divided into 
two aliquots. The first aliquot of blood was used for the following 
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determinations: haematocrit (Hct) using the microhematocrit method, 
total erythrocyte count (RBC) using the Neubauer chamber and 
haemoglobin concentration [Hb] using the cyanomethemoglobin 
method. Hematimetric indices such as mean corpuscular volume 
(MCV) and mean corpuscular haemoglobin concentration (MCHC) 
were calculated from the values of Hct, RBC and [Hb]. Blood smears 
were made and panchromatically stained with a combination of 
May Grünwald-Giemsa-Wright for differential leucocyte counts in 
up to 200 cells of interest. These blood smears were also used to 
determine the number of total leucocytes and total thrombocytes 
(Ranzani-Paiva et al., 2013).

The second aliquot of blood was centrifuged to obtain plasma for 
the determination of glucose levels using the enzymatic-colorimetric 
glucose oxidase method and total proteins using the biuret method, 
using kits (Doles, GO, Brazil) and UV/Visible spectrophotometer 
readings.

2.4  |  Histopathology of gills from C. macropomum 
exposed to oleoresin of C. reticulata and 
nanoemulsion with this oleoresin

At the end of the therapeutic baths with 100 mg/L of C. reticulata 
oleoresin and 250 mg/L of C. reticulata oleoresin nanoemulsion, 
three fish from each of the three replicates (nine fish per treat-
ment) were collected and euthanized by medullar section, and the 
first branchial arch on both sides were removed and fixed in buff-
ered formalin (10%). The gill arches were dehydrated in a series 
of ethanol solutions, diaphanized in xylene and later embedded in 
paraffin, following routine techniques. Histological sections were 
performed using a microtome (Easypath EP 31–20,093, Brazil). After 
confection of slides (in duplicates), they were stained with haema-
toxylin and eosin (HE) for morphological analysis of the gills (Behmer 
et al., 1994). The images were captured in a common optical micro-
scope, coupled to a photographic camera (Leica DM 1000, EUA) and 
computer containing the image capture software (Leica Application 
Suite 1.6.0). The histopathological analyzes performed were semi-
quantitative using the mean assessment values (MAV) (Schwaiger 

et al., 1997) and histopathological alteration index (IAH) (Poleksić & 
Mitrović-Tutundžić, 1994).

2.5  |  Statistical analysis

All histopathological, parasitic and blood data were previously evalu-
ated under normality and homoscedasticity using Shapiro–Wilk and 
Bartlett, respectively. As the data did not follow a normal distribu-
tion, the Kruskal–Wallis test was used, followed using the Dunn test, 
to compare medians at p < 0.05 (Zar, 2010).

3  |  RESULTS

3.1  |  Therapeutic baths with oleoresin of  
C. reticulata and nanoemulsion with this oleoresin 
against monogeneans of C. macropomum

During the therapeutic baths, there was no fish mortality in any of 
the treatments and the behaviour of the fish was similar to that de-
scribed by Malheiros et al. (2020) during tolerance trials.

All C. macropomum used in therapeutic baths had their gills nat-
urally parasitized by monogeneans (A. spathulatus, M. boegeri and 
N. janauachensis). There was a reduction in the parasite load in fish 
exposed to 100 mg/L of C. reticulata oleoresin, with an efficacy of 
48.5%. In the therapeutic baths with 250 mg/L of nanoemulsion 
containing C. reticulata, it was not possible to observe the efficacy of 
the treatments (Table 1).

3.2  |  Blood parameters of C. macropomum exposed 
to oleoresin of C. reticulata and nanoemulsion with 
this oleoresin

In fish exposed to 100 mg/L of C. reticulata oleoresin the plasma lev-
els of glucose and total protein, and MCV increased (p < 0.05) when 
compared to controls with culture tank water and culture water + 

Treatment P (%) MA
Minimum–
maximum E (%)

Oleoresin

Water 96.7 7.4 ± 4.6a 1–17 –

Water + DMSO 100 81.0 ± 34.9b 11–138 –

100 mg/L 100 41.7 ± 30.0c 11–129 48.5

Nanoemulsion

Water 67.85 3.7 ± 5.0a 1–17 –

Water + Tween 20 96.7 6.0 ± 7.0ab 1–38 –

250 mg/L 96.7 7.6 ± 6.5b 1–31 0

Note: Different letters in the same column indicate differences significant between treatments 
(p < 0.05).

TA B L E  1  Prevalence (P), mean 
abundance (MA) and efficacy (E) of 
monogeneans in gills of Colossoma 
macropomum exposed to the oleoresin 
and nanoemulsion of Copaifera reticulata
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DMSO. The number of total thrombocytes was higher (p < 0.05) in 
fish exposed to culture tank water + DMSO when compared to fish 
exposed only to culture tank water. The number of total leucocytes, 
lymphocytes and eosinophils decreased (p < 0.05) in fish exposed to 
100 mg/L of C. reticulata oleoresin when compared to control fish 
exposed to culture water + DMSO. The number of monocytes and 
neutrophils increased (p < 0.05) in fish exposed to 100 mg/L of C. re-
ticulata oleoresin and in those exposed to culture water + DMSO 
when compared to the control exposed only to culture tank water 
(Table 2).

In fish exposed to nanoemulsion containing 250 mg/L of C. retic-
ulata oleoresin, plasma glucose, plasma total protein, MVC and neu-
trophils had increased values (p < 0.05) when compared to control 
group with tank water. The number of total thrombocytes decreased 

(p < 0.05) when compared to the control with water from the culture 
tank + Tween 20. The number of total leucocytes increased (p < 0.05) 
in fish exposed to water + Tween 20 and decreased (p < 0.05) in fish 
exposed to nanoemulsion with 250 mg/L of C. reticulata oleoresin 
(Table 2).

3.3  |  Histopathology of gills from C. macropomum 
exposed to oleoresin of C. reticulata and 
nanoemulsion with this oleoresin

Histological analyzes revealed changes in the gills of all treatments, 
including the control groups. The main alterations found in the gills 
of exposed fish were detachment of the epithelium, hyperplasia and 

TA B L E  2  Blood parameters of Colossoma macropomum exposed to oleoresin and nanoemulsion of Copaifera reticulata

Oleoresin

Parameters Water Water + DMSO 100 mg/L

Glucose (mg/dl) 86.8 ± 25.2a 74.1 ± 17.8a 154.8 ± 25.9b

Total protein (g/dl) 2.9 ± 0.9ab 2.8 ± 0.4a 3.5 ± 0.9b

Haematocrit (%) 23.6 ± 3.1a 22.8 ± 2.2a 23.6 ± 3.1a

Haemoglobin (g/dl) 6.3 ± 0.78a 6.2 ± 1.1a 5.7 ± 1.2a

Erythrocytes (×106/μl) 1.52 ± 0.23a 1.77 ± 0.41a 1.44 ± 0.46a

MVC (fL) 157.3 ± 20.6a 133.2 ± 23.0a 204.2 ± 139.4b

MCHC (g/dl) 27.0 ± 3.9a 27.1 ± 4.2a 24.5 ± 5.6a

Thrombocytes (μl) 34.595 ± 17.482a 46.665 ± 22.381b 46.618 ± 12.888ab

Leucocytes (μl) 31.953 ± 10.258ab 36.378 ± 16.856a 28.390 ± 8291b

Lymphocytes (μl) 24.371 ± 7533a 22.856 ± 9993a 12.364 ± 4249b

Monocytes (μl) 3727 ± 2373a 7309 ± 4264b 6924 ± 3207b

Neutrophils (μl) 3364 ± 1883a 5640 ± 4130b 8810 ± 4020b

Eosinophils (μl) 0a 330 ± 512a 152 ± 384b

PAS-GL (μl) 491 ± 561a 242 ± 280a 141 ± 191a

Nanoemulsion

Parameters Water Water + Tween 20 250 mg/L

Glucose (mg/dl) 75.1 ± 22.6b 99.2 ± 26.6a 97.5 ± 23.0a

Total protein (g/dl) 2.9 ± 0.5b 3.6 ± 0.5a 3.3 ± 1.3a

Haematocrit (%) 25.2 ± 3.1ab 26.6 ± 3.3a 21.1 ± 5.6b

Haemoglobin (g/dl) 8.4 ± 1.5ab 8.9 ± 1.2a 7.2 ± 2.1b

Erythrocytes (×106/μl) 2.28 ± 0.56a 2.53 ± 0.89a 1.52 ± 0.53b

MVC (fl) 116.0 ± 25.5a 114.3 ± 29.3a 146.8 ± 27.1b

MCHC (g/dl) 33.3 ± 5.1a 33.5 ± 4.0a 34.1 ± 4.1a

Thrombocytes (μl) 78.809 ± 26.213ab 106.166 ± 47.164a 65.526 ± 18.140b

Leucocytes (μl) 46.026 ± 19.055a 53.786 ± 31.369b 32.638 ± 8410b

Lymphocytes (μl) 34.342 ± 15.245a 33.386 ± 22.259a 12.849 ± 5883b

Monocytes (μl) 6478 ± 3206a 9656 ± 6337a 9167 ± 3563a

Neutrophils (μl) 4880 ± 3782a 6577 ± 4908a 10.484 ± 2514b

Eosinophils (μl) 11 ± 43a 349 ± 774a 25 ± 95a

PAS-GL (μl) 314 ± 280a 232 ± 384a 112 ± 136a

Note: Data express mean ± deviation standard. Different letter, in the same line, indicate different by the Dunn test (p < 0.05).
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F I G U R E  1  Histopathology of gills 
from Colossoma macropomum exposed 
to 100 mg/L of oleoresin of Copaifera 
reticulata and 250 mg/L of nanoemulsion 
with this oleoresin. (a) Gills of fish exposed 
to culture tank water (control) showing 
primary (PL) and secondary (SL) lamellae. 
(b) Gills filament with monogenean (M) 
and hyperplasia (h) in fish of control group 
exposed to DMSO. (c) Hyperplasia of gill 
epithelium (h) of fish exposed to DMSO. 
(d) Detachment of the lamellar epithelium 
(asterisk) in the gills of fish exposed to 
100 mg/L of Copaifera reticulata oleoresin. 
(e) Hyperplasia with fusion of secondary 
lamellae (+) in the gills of fish exposed to 
tween 20 (control). (f) Lamellar hyperplasia 
with partial (dotted rectangle) and total 
(star) fusion in the gills of fish exposed to 
culture tank water (control). (g) Lamellar 
aneurysm (triangle) in the gills of fish 
exposed to 250 mg/L of nanoemulsion. 
Stained with haematoxylin and eosin (HE).
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hypertrophy, resulting in moderate fusion of the secondary lamel-
lae (Figure  1). In fish exposed to 250 mg/L of nanoemulsion with 
C. reticulata oleoresin there were no differences (p > 0.05) in his-
topathological alteration index (HAI) and mean assessment values 
(MAV) when compared to controls, although lesions with moderate 
damage have been observed. The mean assessment values (MAV) 
were higher (p < 0.05) in fish exposed to culture tank water + DMSO 
when compared to fish exposed to 100 mg/L of C. reticulata oleo-
resin. The histopathological alteration index (HAI) of fish exposed 
to culture tank water + DMSO was higher (p < 0.05) than in fish ex-
posed only to culture water (Table 3).

4  |  DISCUSSION

Oleoresin of Copaifera species generally have a complex chemi-
cal composition, and they vary between species regarding the 
presence and abundance of each chemical compound. In gen-
eral, oleoresins of Copaifera species are composed mostly by 
sesquiterpenes such as caryophyllene, copaene and humulene, 
and they interact with different target proteins on parasites 
(Arruda et al.,  2019; Malheiros et al.,  2020). The major com-
pounds present in the oleoresin of C. reticulata of this study were 
the γ-macrocarpene (14.2%), α-bergamotene (13.6%), β-selinene 
(13.4%) and β-caryophyllene (11.7%), which were effectives 
in the in vitro activity against monogeneans of C. macropomum 
(Malheiros et al., 2020), as well as in vivo antiparasitic activity was 
here investigated.

With the growing demand by food fish in recent years, the aqua-
culture needs innovative biotechnological interventions to overcome 
the challenges in terms of development of suitable technologies 
for diseases management in culture systems and methods for con-
trolling disease outbreaks in the fish farms. In the last decades, 
nanotechnology had diverse new developments in almost every 
field of science and technology, including the biology, because the 
nanotechnology presents a great opportunity to develop effective 

products for controlling pathogenic agents, for example the use in 
control of monogeneans of fish (Malheiros et al.,  2020; Valentim, 
Duarte, Oliveira, Cruz, Carvalho, Conceição et al., 2018; Valentim, 
Duarte, Oliveira, Cruz, Carvalho, Solans et al.,  2018). Therapeutic 
baths with 250 mg/L of nanoemulsion containing C. reticulata oleo-
resin were not effective against C. macropomum monogeneans, 
since there was a low parasite abundance in all treatments, thus 
compromising the expected efficacy. This unexpected problem was 
caused by the good quality of water in the culture tanks and the 
low stocking density of C. macropomum. This was the first study on 
the therapeutic baths with nanoemulsion for controlling and treating 
parasites of fish.

Therapeutic baths with 100 mg/L of C. reticulata oleoresin for 
three consecutive days had a low efficacy against monogeneans of 
C. macropomum gills (48.5%). However, results in vitro with C. offi-
cinalis oleoresin (Valentim, Duarte, Oliveira, Cruz, Carvalho, Solans 
et al.,  2018) and C. reticulata oleoresin (Malheiros et al.,  2020) 
demonstrated a high efficacy against monogeneans of C. macropo-
mum. In vitro assays serve primarily for the initial recognition of the 
existence of antiparasitic properties of therapeutic substances that 
are being investigated (Tavares-Dias, 2018).

Baths for 1 h with 100 mg/L of C. reticulata oleoresin or 2 h with 
250 mg/L of C. reticulata nanoemulsion increased levels of plasma 
total protein and glucose and MVC in C. macropomum. Gonzales 
et al.  (2020) reported also an increase in plasma glucose levels in 
C. macropomum exposed to 60 mg/L of Cymbopogon citratus es-
sential oil. In contrast, therapeutic baths of C. macropomum with 
300 mg/L of Alpinia zerumbet essential oil decreased the levels of 
plasma glucose and total protein (Luz et al., 2021). This hyperglycae-
mia is indicative of stress in fish submitted to therapeutic baths with 
these phytotherapics. Total protein level depends on intracellular 
mechanisms and specific proteins that can be affected by stress fish 
(Luz et al., 2021). Furthermore, C. macropomum exposed to 100 mg/L 
of C. reticulata oleoresin or 250 mg/L of C. reticulata nanoemulsion 
showed a decrease in the total number of leucocytes and lympho-
cytes, with an increase in neutrophils number. These leucocyte 

TA B L E  3  Values of histopathological alteration index (HAI) and mean assessment values (MAV) for gills of Colossoma macropomum 
exposed to the oleoresin and nanoemulsion of the Copaifera reticulata

Treatments N MAV HAI
Severity of the lesions according 
to the HAI

Oleoresin

Water 9 8.7 ± 3.3ab 3.4 ± 3.3a Normal functioning of the organ

Water + DMSO 9 12.2 ± 3.9b 14 ± 8.0b Mild to moderate of the organ 
damage

100 mg/L 9 7.6 ± 2.2a 8.9 ± 5.2ab Normal functioning of the organ

Nanoemulsion

Water 9 7.3 ± 3.1a 9.4 ± 4.3a Normal functioning of the organ

Water + Tween 20 9 7.0 ± 2.5a 9.4 ± 4.6a Normal functioning of the organ

250 mg/L 9 8.1 ± 2.3a 12.4 ± 5.3a Mild to moderate of the organ 
damage

Note: Data express mean ± deviation standard. Different letter, in the same column, indicate different by the Dunn test (p < 0.05).
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alterations may be related to stress and/or damages to the branchial 
epithelium caused by exposure to oleoresin from C. reticulata and 
nanoformulation with this oleoresin.

In the present study, exposure to 100 mg/L of C. reticulata oleo-
resin or 250 mg/L of C. reticulata nanoemulsion caused structural 
changes in the gills of C. macropomum. However, lesions capable 
of impairing gill function were observed only in fish from the con-
trol group with water from the culture tank + DMSO and 250 mg/L 
of C. reticulata nanoemulsion. Structural alterations in the gills of 
C. macropomum caused by both the toxicity of Lippia alba essen-
tial oil and the diluent used (ethylic alcohol) were also described by 
Soares et al. (2016). The main gill changes found in all treatments of 
this study with C. macropomum were detachment of the epithelium, 
aneurysm, hyperplasia and hypertrophy resulting in moderate fusion 
of the secondary lamellae. Winkaler et al. (2007) reported that gill al-
terations such as epithelial detachment and hyperplasia are adaptive 
strategies to increase the distance between the external environ-
ment and the blood and thus make contact with the stressor agent 
more difficult.

In conclusion, therapeutic baths with 100 mg/L of C. reticulata 
oleoresin for three consecutive days had low efficacy against mono-
geneans and few physiological changes in C. macropomum. However, 
an increase in this exposure time, to 6–7 days, may increase this ef-
ficacy. Since the treatment with oleoresin nanoemulsion of C. retic-
ulata was inconclusive, further studies are need. Lastly, as the fish 
exposed to nanoemulsion with C. reticulata oleoresin showed lesions 
capable of compromising their gill function, these results indicate 
that there must be parsimony in the use of these nanostructured 
products in aquaculture. Furthermore, the results reinforce the need 
for a detailed evaluation of the possible factors responsible for the 
toxicity of these products, because it is important to have a safe 
therapeutic application.
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