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against monogenean parasites of Colossoma macropomum:
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Abstract
Monogeneans are ectoparasites that may cause losses in production and productivity in the aquaculture of Colossoma macropomum. Chemotherapeutics used in aquaculture usually have major adverse effects on fish; hence, the use of essential oils
has been considered advantageous, but these are not soluble in water. Thus, the
use of nanostructures to enhance water solubility of compounds and improve bioactivity may be very promising. This study investigated the antiparasitic activity of
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nanoemulsion prepared with Copaifera officinalis oleoresin (50, 100, 150, 200 and
300 mg/L), against monogenean parasites from the gills of C. macropomum. The particle size distribution and zeta potential suggested that a potentially kinetic stable
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system was generated. The nanoemulsion from C. officinalis oleoresin achieved high
efficacy (100%) at low concentrations (200 and 300 mg/L) after 15 min of exposure. This was the first time that a nanoemulsion was generated from C. officinalis
oleoresin using a solvent-free, non-heating and low-energy method. Moreover, this
was the first time that an antiparasitic against monogeneans on fish gills, based on
nanoemulsion of C. officinalis oleoresin, was tested.
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1 | INTRODUCTION

janauachensis and Mymarothecium boegeri, which can cause economic
loss to aquaculture (Tavares-Dias & Martins, 2017).

Colossoma macropomum Cuvier 1816 (tambaqui) is a fish of the fam-

Continuous monitoring is required for diagnosing and controlling

ily Serrasalmidae that can reach more than one metre in length and

parasitic infections within tambaqui aquaculture. The main substances

up to 30 kg in its natural environment. It is economically important

that have been used for treatment and parasite control, even they

in the Amazon region, and there is high demand for it in Brazil, such

have not been satisfactorily effective, are chemical products that are

that around 140,000 tons were produced through aquaculture in

highly toxic to fish, humans and environment (Hashimoto et al., 2016;

2015 (IBGE, 2016; Vallad~ao, Gallani, & Pilarski, 2016). However, its

Soares et al., 2016). Thus, phytotherapeutic agents with bioactive

fish stocks are under high fishery pressure, and it has become

properties, and their derivatives, have been assayed in vitro and

jo-Lima & Goulding, 1998;
extinct in some localities in Amazon (Arau

in vivo, with the aim of finding better strategies for fish ectoparasites

Benetton & Malta, 1999; Godoi, Engracia, Lizama, & Takemoto,

control in farmed fish (Boijink, Miranda, Chagas, Dairiki, & Inoue,

2012; Gomes et al., 2006). Intensive fish farming of tambaqui pre-

2015; Costa et al., 2017; Pandey, 2014; Soares et al., 2016; Zhang

sents a critical problem of high levels of infections by ectoparasites

et al., 2014). Phytotherapeutic agents have shown high in vitro effi-

such as the monogeneans Anacanthorus spathulatus, Notozothecium

cacy against monogeneans of tambaqui (Boijink et al., 2015; Soares
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et al., 2016). However, a low in vivo efficacy has been observed, due
to low tolerance of fish to toxic concentrations of some essential oils
(Hashimoto et al., 2016; Soares et al., 2016) and other problems.

ET AL.

2.1.1 | Gas chromatography analysis of C. officinalis
oleoresin

Several bioactive natural products have also a low water solubility

The chemical analysis on the oleoresin was performed on a GCMS-

because of their oily characteristics. This is considered to be a major

QP5000 gas chromatography (Shimadzu, Japan) equipped with a mass

disadvantage for aquaculture fish, as it is difficult to make these com-

spectrometer, using electron ionization, with the following experimental

pounds available in water. Nanoemulsions offer several benefits includ-

conditions: injector temperature, 200°C; detector temperature, 250°C;

ing sustained release, increased rate of absorption and therapeutic

carrier gas, helium; flow rate, 1 per ml per min; and split injection with

efficacy, reducing the toxicity and concentration of drugs (Bajerski

split ratio 1:40. The oven temperature was programmed starting from

et al., 2016; Valentim et al., 2018). Aqueous nanodispersions, including

50°C (isothermal for 10 min), with an increase of 2°C/min to 200°C

nanoemulsions, are kinetically stable systems consisting of fine droplets

and then an increase of 10°C/min to 290°C (isothermal for 10 min).

or particles that are dispersed into an aqueous external phase. The

The RTx5-5MS column parameters were as follows: i.d. = 0.25 mm;

mean droplet size of nanoemulsions is often within the range of 20–

length 30 m; and film thickness = 0.25 lm. The mass spectrometry

200 nm, although this criterion may vary according to different

conditions were as follows: ionization voltage, 70 eV; scan rate, 1 scan/

authors (Bajerski et al., 2016; Solans, Izquierdo, Nolla, & Azemar,

s; and mass range, m/z 50–600.

, Solans, Maestro, Gonzalez, & Gutie
rrez, 2012; Thomas
2005; Sole
et al., 2013; Valentim et al., 2018). The main advantages of nanoemulsions are system stability, potential improvement of bioavailability,

2.2 | Copaifera officinalis oleoresin nanoemulsion

enhanced water solubility (oil-in-water nanoemulsion), and other prop-

The oil-in-water nanoemulsion containing C. officinalis oleoresin was

erties are due precisely to the nanosized particles (Ostertag, Weiss, &

prepared by means of a low-energy method. The oily phase, consti-

McClements, 2012; Rodrigues et al., 2014). The intrinsic low solubility

tuted by a non-ionic surfactant (polysorbate 80) and C. officinalis oleo-

or immiscibility of internal phase components makes this type of novel

resin, was vigorously mixed until a clear transparent homogeneous

delivery system very promising for controlling fish diseases (Rodrigues

phase was observed. Then water was added dropwise under continu-

et al., 2014; Thomas et al., 2013). Moreover, nanosize potentially

ous homogenization using a vortex stirrer (Warmnest, Ionlab, Brazil) for

increases the bioactivity of the compounds used (Irache et al., 2011),

approximately 5 min, such that the final concentration of oleoresin was

such that this is very promising for effective treatment, even at lower

5,000 ppm. The oil-to-surfactant ratio was 1:1, and the final mass of

concentrations than usual for antiparasitic products. For these reasons,

the nanoemulsion was 10 g. Dynamic light scattering (DLS) analysis

nanoemulsions have been tested as an alternative to increase the sta-

was carried out on the particle size distribution using a Zetasizer Nano

bility, efficacy and solubility of essential oils (Valentim et al., 2018).

ZS (Malvern, UK) equipped with a 10 mW “red” laser (k = 632.8 nm),

This nanotechnology technique may be very promising in treatment of

and samples were measured at a 90° scatter detection angle, for size

parasitic infections for C. macropomum (Soares et al., 2016; Valentim

measurements. Zeta potential measurements were also performed using

et al., 2018), for example, in the use of Copaifera officinalis oleoresin.

this equipment. The nanoemulsion was diluted in deionized water

Copaifera officinalis (Caesalpinioideae) belongs to the family Fabaceae, and it is commonly known as copaiba. Copaifera spp. are Amazon

plants

known

for

their

antibacterial,

anthelmintic

(1:25), and the results (droplet size and polydispersity index) were
expressed as mean  standard deviation.

and

antiprotozoal properties (Costa et al., 2017; Rodrigues et al., 2014;
~es et al., 2016). It is a mixture of several substances, among
Simo

2.3 | Fish and acclimation

which the sesquiterpene b-caryophyllene is the main constituent

Fingerlings of C. macropomum (25.0  6.0 g) were obtained from

(Lima et al., 2011; Veiga-Junior, Zunino, Patitucci, Pinto, & Calixto,

commercial fish farm in Macapa, state of Amapa, Brazil. The fish

2006). However, to the best of our knowledge, no studies had previ-

were acclimated in 500-L water tanks for 7 days at the Aquaculture

ously been conducted to evaluate the antiparasitic activity of

and Fishery Laboratory of Embrapa Amapa (Macapa, Brazil). They

nanoemulsions prepared with C. officinalis against fish parasites. The

were fed with fish ration containing 32% crude protein, and the

aim of this study was to perform a nanoemulsion of C. officinalis ole-

tanks were kept under constant water recirculation with temperature

oresin and investigate the effect in vitro of this nanoproduct against

of 30.2  0.1°C, dissolved oxygen 5.6  0.2 mg/L, pH 5.4  0.2,

monogeneans on the gills of C. macropomum.

total ammonium 0.5  0.2 mg/L, alkalinity 10.0  0 mg/L and hardness 10.0  0 mg/L. The organic matter that accumulated at the

2 | MATERIALS AND METHODS
2.1 | Chemicals
Copaifera officinalis oleoresin was obtained from Amazon Ervas (Bra-

bottoms of the tanks was removed once a day.

2.4 | In vitro assay with monogeneans of
C. macropomum

zil, batch number 009105845), and polysorbate 80 was obtained

Gills of C. macropomum (47.5  14.7 g and 13.4  2.1 cm) that

from Praid (SP, Brazil).

were naturally infected by species of monogeneans were removed
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and placed individually in Petri dishes, where they were immersed in

were concordant with the sesquiterpenes in the NIST library. High

solutions of different nanoemulsions of C. officinalis oil. In this trial,

abundance of peaks was observed at a retention time (Rt) of

in

(A. spathulatus,

44.715 min. Analysis on the mass spectra (Figure 2) and comparison

vitro

gill

arches

containing

monogeneans

N. janauachensis and My. boegeri) were exposed to six different con-

with the NIST library and with data in the literature (Lucca et al.,

centrations of nanoemulsions with C. officinalis oleoresin (0, 50, 100,

2015) revealed a fragmentation pattern in accordance with b-caryo-

150, 200 and 300 mg/L). The control groups were set up, using only

phyllene.

the water from the cultivation tanks. All the experiments, in each
concentration, were performed in triplicates. All the in vitro assays
were performed at the temperature of the environment (23°C). For

3.2 | Copaifera officinalis oleoresin nanoemulsion

the analysis under a stereomicroscope, cold-light illumination was

The nanoemulsion prepared using C. officinalis oleoresin presented a

used, and fields of view containing 18 monogeneans were selected

homogeneous translucent appearance with bluish reflections (Fig-

for each repetition. After the gill arches had been immersed in differ-

ure 3a). A mixture of water, polysorbate 80 and C. officinalis oleo-

ent concentrations of nanoemulsions of C. officinalis oleoresin, these

resin at the same ratios as was used in the nanoemulsion

were viewed every 5 min to quantify the numbers of live and dead

preparation was not able to induce formation of a nanoemulsion,

monogeneans. Parasites were considered to be dead if they

such that a heterogeneous appearance was observed immediately

detached from the tissue or, while still attached, had totally lost their

after homogenization of the three components (Figure 3b). The dro-

mobility (Soares et al., 2016). Following this, the efficacy of each

plet size distribution of the C. officinalis nanoemulsion revealed a

treatment was calculated using formula described by Zhang et al.

mean droplet size of 161.2  0.808 nm and polydispersity index of

(2014): AE = [B T] 9 100%/B, where AE is nanoemulsion efficacy,

0.340  0.007, while the zeta potential was

B is the mean number of surviving monogeneans in the control

Analysis of these parameters after 7 days of storage (Figure 4) under

22.1  0.764 mV.

group and T is the mean number of surviving monogeneans in the

controlled temperature (25.5  2.0°C) showed that slight decreases

treatment group. The monogeneans were collected, fixed in formalin

in mean droplet size (132.4  1.2 nm) and polydispersity index

(5%) during 2 hr and prepared to analyse the internal morphology

(0.297  0.006)

using Hoyer medium to study of the sclerotized structures. Some

( 21.3  0.643 mV) had occurred. No alteration to the macroscopic

monogeneans were also stained with Masson trichrome (Eiras, Take-

appearance of the nanoemulsion was observed after this period.

and

a

slight

increase

in

zeta

potential

moto, & Pavanelli, 2006). The identification of the parasites was performed in accordance with Thatcher (2006).

3 | RESULTS
3.1 | Gas chromatograph analysis

3.3 | Antiparasitic efficacy of the in vitro assay
The in vitro assay revealed that the nanoemulsion prepared with
C. officinalis oleoresin induced 100% antiparasitic activity against the
monogeneans A. spathulatus, N. janauachensis and M. boegeri on the
gills of C. macropomum. This level of mortality was reached after

The gas chromatograph analysis revealed the presence of several

15 min of exposure at 200 mg/L, while the same efficacy was

substances in the C. officinalis oleoresin (Figure 1). The mass spectra

reached after 90 min of exposure at 50 mg/L with nanoemulsion of

F I G U R E 1 Total ion chromatogram of Copaifera officinalis oleoresin. High abundance of peaks at Rt = 44.715 min is related to the
sesquiterpene b-caryophyllene
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Mass spectra showing the fragmentation pattern of the sesquiterpene b-caryophyllene

solvents, through a spontaneous nanoemulsifying method (Dias
et al., 2014). A high-pressure homogenizer has also been used for

(a)

(b)

the preparation of C. multijuga oleoresin nanoemulsions (Dias et al.,
2012, 2014; Lucca et al., 2015). Vaucher et al. (2015) also used this
high-energy method for preparing a nanoemulsion from C. officinalis
oleoresin. Eco-friendly processes for nanoemulsion preparation with
less harm to fish, humans and the environment are very desirable.
Methods that are able to generate nanostructures without using
high-energy equipment should also be encouraged.
Our results suggest that it is possible to obtain C. officinalis
nanoemulsions using a simple approach. Self-emulsification through
, Solans, Maedilution of microemulsions or cubic liquid crystal (Sole
rrez, 2012) is considered to be possible mechstro, Gonzalez, & Gutie
anisms for nanoemulsion formation. Moreover, phase inversion at
constant temperature (phase inversion composition) caused by
changes to the spontaneous curvature of the surfactant from nega-

F I G U R E 3 Photograph of glass vials containing (a) nanoemulsion
prepared with Copaifera officinalis oleoresin (5,000 ppm), polysorbate
80 (5,000 ppm) and water; and (b) mixture of Co. officinalis oleoresin
(5,000 ppm) and polysorbate 80 (5,000 ppm)

tive to positive, passing through zero curvature (e.g., bicontinuous
microemulsion or lamellar liquid crystal) seems to have developed an
important role in nanoemulsion formation through low-energy meth, Solans, Maestro, Gonzalez, &
ods that do not involve heating (Sole
rrez, 2012). However, most of the studies that aimed to invesGutie
tigate nanoemulsification mechanisms were carried out using syn-

C. officinalis oleoresin. In the control group, using only water of culti-

thetic and/or pure lipophilic components that constituted the

vation tanks, mortality of parasites began after 70 min of exposure

internal phase. Thus, considering the complexity of natural oil such

and total immobilization of the monogeneans was observed after

as C. officinalis oleoresin, deeper investigation regarding these pro-

7 hr of exposure to the nanoemulsion from C. officinalis oleoresin

cesses needs to be undertaken.

(Table 1 and Figure 5).

The droplet size distribution of the nanoemulsions prepared from
C. multijuga oleoresin revealed mean diameters in the range of 160–
300 nm (Dias et al., 2014). Our results showed that fine droplets

4 | DISCUSSION

could be successfully generated through a non-heating and lowenergy method, rather than through high-pressure homogenization

We prepared a nanoemulsion with C. officinalis oleoresin for the first

and/or use of organic solvents.

time using a solvent-free, non-heating and low-energy method. An

The polydispersity index is a parameter associated with homo-

oleoresin nanoemulsion from C. multijuga had previously been suc-

geneity of particle populations and results. The desirable values may

cessfully achieved, but it was produced using volatile organic

be within the range from 0 (monodispersed) to 0.500 (relatively
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Copaifera spp. presents antimicrobial, anti-inflammatory, anthelmintic
and antiprotozoal activities (Costa et al., 2017; Rodrigues et al.,
~ es et al., 2016). Preparation of nanoemulsions has proven
2014; Simo
to be a good strategy for avoiding volatile loss, including of this
bioactive compound from Copaifera spp. oleoresin (Dias et al., 2014).
The oleoresin from Copaifera duckei was heated prior to emulsification, as a means for generating oil-in-water nanoemulsions (Rodrigues et al., 2014). However, it is worth mentioning that some loss of
volatiles may occur on this step. Thus, our study provides an alternative method for preparation of nanoemulsions from Copaifera spp.
oleoresin that is potentially useful because of the several advantages
mentioned earlier, such as its low cost and avoidance of heating and
solvent use.
In control fish using only cultivation tank water, the total (100%)
mortality of A. spathulatus, N. janauachensis and M. boegeri was
observed in 7 hr of assaying at 23°C was reached. In another
in vitro study carried out using these same monogeneans on the gills
of C. macropomum, but performed at 17–18°C, extended survival for
a period of 9 hr was observed (Soares et al., 2016). Therefore, the
environmental temperature is an important factor for the survival of
monogeneans during in vitro trials.
Although aquaculture is an activity of great importance in Brazil,
this industry has been affected by economic losses caused by monogeneans in fish farming (Tavares-Dias & Martins, 2017). As the main
products used for treatment and control of these parasites are
chemotherapeutic substances that are highly toxic to fish (Boijink
et al., 2015; Soares et al., 2016), there is a need for less toxic and
novel bioactive compounds (Hashimoto et al., 2016; Soares et al.,
2016; Zhang et al., 2014). Phytotherapy is an alternative treatment
that has shown promising antiparasitic effects against monogeneans
of fish (Costa et al., 2017; Hashimoto et al., 2016; Soares et al.,
2016; Zhang et al., 2014), as well as the use of nanoemulsions containing essential oils (Valentim et al., 2018).
F I G U R E 4 Particle size distribution (droplet size and
polydispersity index) and zeta potential of the nanoemulsion
immediately after preparation (day 0) and after 7 days of storage
(day 7) of the Copaifera officinalis oleoresin emulsion

The treatment used in the present study, with nanoemulsions
prepared from C. officinalis oleoresin at 200 and 300 mg/L, showed
100% efficacy against monogeneans on the gills of C. macropomum
after 15 min of exposure. Similarly, 100 mg/L of C. duckei oleoresin
had 100% efficacy against Anacanthorus penilabiatus and Mymarothecium viatorum of Piaractus mesopotamicus (Costa et al., 2017). After

broad distribution) (Cheong et al., 2008), while acceptable polydis-

monogeneans on the gills of C. macropomum has been exposed to

persity index values are below 0.700 (Leong et al., 2011).

nanoemulsion of Pterodon emarginatus essential oil at 400 e

Zeta potential is an important parameter relating to the surface

600 mg/L for 15 min, the anthelmintic activity rate reached 100%

potential of the droplets, and high values (in modules) are associated

(Valentim et al., 2018). Monogeneans of C. macropomum exposed to

with kinetically stable systems (Heurtault, Saulnier, Pech, Proust, &

Lippia alba essential oil at 1,280 and 2,560 mg/L for 20 min also had

Benoit, 2003). A previous study conducted using a nanoemulsion

anthelmintic activity rate reached 100% (Soares et al., 2016). This

prepared from copaiba oleoresin from C. multijuga showed zeta

level of efficacy against Cichlidogyrus tilapiae, Cichlidogyrus thursto-

potential of around

nae, Cichlidogyrus halli and Scutogyrus longicornis, which are monoge-

23 mV (Dias et al., 2012). This was close to

the values achieved in this study.
b-caryophyllene is the main constituent of Copaifera spp. oleo~ es et al., 2016). This sesquiterresin (Cascon & Gilbert, 2000; Simo

neans on the gills of Oreochromis niloticus, was reached after 10 min
of exposure to L. alba essential oil at 160 mg/L or to Mentha piperita
essential oil at 320 mg/L (Hashimoto et al., 2016).

pene is a chemical marker for Copaifera species, and it is responsible

Nanoemulsion prepared from C. officinalis oleoresin had efficacy

for several forms of biological activity of the oleoresin of these

against monogeneans of C. macropomum, as well as nanoemulsion

plants (Lima et al., 2011; Tappin et al., 2004). This compound of

from Pt. emarginatus essential oil (Valentim et al., 2018). Thus, these
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T A B L E 1 In vitro antiparasitic activity of nanoemulsion with
Copaifera officinalis oleoresin against monogenean parasites on the
gills of Colossoma macropomum
Time
0 hr

10 min

15 min

40 min

70 min

90 min

2 hr

Concentration
(mg/L)

Live parasites

Dead parasites
(%)

0

18.0  3.0

0

50

25.0  0.0

0

100

20.3  4.2

0

150

25.3  1.5

0

200

23.3  2.9

0

300

19.0  1.7

0

0

18.0  3.0

0

50

25.0  0.0

0

100

15.0  5.3

26.2

150

18.3  6.4

27.6

200

4.0  3.5

82.9

300

0.7  1.2

96.5

0

18.0  3.0

0

TABLE 1
Time
5 hr

7 hr

50

25.0  0.0

0

100

11.3  5.5

44.3

150

15.7  8.4

38.2

200

0.0  0.0

100

300

0.0  0.0

100

0

18.0  3.0

0

50

19.0  1.0

24.0

100

6.0  3.6

70.5

150

0.7  1.2

97.4

200

0.0  0.0

100

300

0.0  0.0

100

ET AL.

(Continued)
Concentration
(mg/L)

Live parasites

Dead parasites
(%)

0

6.0  1.0

50

0.0  0.0

100

100

0.0  0.0

100

150

0.0  0.0

100

200

0.0  0.0

100

300

0.0  0.0

100

66.7

0

0.0  0.0

100

50

0.0  0.0

100

100

0.0  0.0

100

150

0.0  0.0

100

200

0.0  0.0

100

300

0.0  0.0

100

0

17.7  3.1

1.9

50

4.7  0.6

81.3

100

0.0  0.0

100

150

0.0  0.0

100

200

0.0  0.0

100

nanoemulsions have potential for use in baths of C. macropomum for

300

0.0  0.0

100

treatment of monogenean infections. Also, these studies allowed the

0

17.7  3.1

50

0.0  0.0

100

mulations with potential antihelmintic, using a nanobiotechnology

100

0.0  0.0

100

approach. Similarly, nanoemulsion prepared from neem Azadirachta

150

0.0  0.0

100

indica oil was an effective alternative for treating bacterial infection

200

0.0  0.0

100

1.9

300

0.0  0.0

0

17.7  3.1

50

0.0  0.0

100

100

0.0  0.0

100

150

0.0  0.0

100

200

0.0  0.0

100

300

0.0  0.0

100

F I G U R E 5 In vitro efficacy of different concentrations of
nanoemulsion prepared from Copaifera officinalis oleoresin, against
monogenean parasites on the gills of Colossoma macropomum

development of low-cost eco-friendly green natural-based nanofor-

induced by Aeromonas salmonicida in catfish Clarias batrachus (Thomas et al., 2013). Furthermore, nanoemulsion prepared from C. offici-

100
1.9

nalis oleoresin proved to be safe for adult bees (Vaucher et al.,
2015), which are important non-target organisms that are highly
affected by the pesticides that have historically been used within
aquaculture. Therefore, the use of nanoemulsions from natural products as alternative to synthetic chemotherapeutics remains an open
field for research in aquaculture.
In summary, in the present study, a nanoemulsion containing

(Continues)

C. officinalis oleoresin dispersed through internal phase was
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developed that presented good established. The use of natural
product-based nanostructures can be considered to have great
potential for use in effective novel veterinary products for aquaculture. The use of plant species bioactive products that are
widely available on an integrated sustainable basis also offers
particular advantage, as the natural raw materials can be
obtained in large amounts. Finally, as this nanoemulsion was
highly effective against monogeneans from gills C. macropomum,
therapeutic baths with nanoemulsion prepared with 200–300 mg/
L of C. officinalis oleoresin should be tested for use in aquaculture of this Amazonian fish.
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