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Abstract

Purpose
This study investigated the anthelmintic efficacy of therapeutic baths with the essential oil of Piper
marginatum against the monogeneans Anacanthorus spathulatus, Notozothecium janauachensis,
Mymarothecium boegeri and Linguadactyloides brinkmanni in Colossoma macropomum, and its
hematological and histopathological effects on this fish.

Methods
Six therapeutic baths with 100 mg/L of the essential oil of P. marginatum and two control groups (water
from the cultivation tank and water from the cultivation tank + 70% alcohol) were used for 20 min every
two days.

Results
The therapeutic baths with 100 mg/L of the essential oil of P. marginatum had efficacy of 42.8% against
monogeneans of C. macropomum gills. Toxicity was low for C. macropomum, because there were few
physiological and histopathological changes that did not compromise the functioning of the gills of this
fish.

Conclusion
Short therapeutic baths with 100 mg/L of the essential oil of P. marginatum had low efficacy for
controlling monogeneans in C. macropomum and thus cannot be recommended.

INTRODUCTION
Aquaculture production has been influenced by the increase in global demand for protein foods and
white meat, as well as the high market value of different species of fish of zootechnical interest. It has
the capacity to generate employment and income, thus boosting the economic development of several
countries [4, 10]. Aquaculture directly and indirectly generates millions of jobs and produces several
species of native and exotic fish. Fish aquaculture is very promising in several regions and can meet the
growing demand for fish caused by the reduction of natural fish stocks [10].

Colossoma macropomum Cuvier 1818, the native species most cultivated in Brazil, is in the order
Characiformes and family Serrasalmidae and is popularly known as tambaqui. It is considered to be the
fish with the second largest-scale cultivation in the Amazon basin [9]. However, with the increase in
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cultivation of this Amazonian fish, the occurrence of infections caused mainly by monogeneans has also
increased [11, 12, 14].

Monogeneans are helminth parasites with direct short life cycles and vertical transmission, factors that
facilitate high levels of infection in cultivation [11, 15]. These ectoparasites cause lesions in the gills of C.
macropomum [14] that can compromise physiological processes such as breathing, excretion, acid-base
balance and osmoregulation [6, 14, 22], and therefore require antiparasitic control. Control of parasites
and treatments against them using medicinal plants and their bioactive agents have formed a propitious
approach within the search for new anthelmintic treatments for fish [7, 13, 3].

Piper marginatum is a medicinal plant. The main chemical components of its essential oil are y-
terpinene, α-terpinene, p-cymene and 3,4-methylenedioxy-propiophenone [18]. Studies have shown that
its essential oil has high in vitro efficacy against monogeneans [3] and Neoechinorhynchus buttnerae
[18] in C. macropomum. However, there are no studies on therapeutic baths for these fish. Thus, this
study investigated the efficacy of therapeutic baths with the essential oil of P. marginatum against
monogeneans and its hematological and histological effects on the gills of C. macropomum.

MATERIAL AND METHODS

Fish and acclimatization
Fingerlings of C. macropomum were obtained from a commercial fish farm in Macapá, in the state of
Amapá, and maintained at Aquaculture and Fisheries Laboratory of Embrapa Amapá, Macapá, Amapá
(Brazil). These fish were acclimatized in tanks with constant aeration and continuous water renewal and
were fed twice daily with commercial feed containing 32% crude protein (Guabi®, Brazil). This fish stock
naturally infected by monogeneans was used in all assays [14].

The following water parameters were measured daily: mean temperature (30.1 ± 0.1°C), dissolved
oxygen (5.7 ± 0.2 mg/L), pH (5.7 ± 0.2), ammonia (0.3 ± 0.1 mg/L), alkalinity (12.0 ± 0.001 mg/L) and
hardness (11.0 ± 0.1 mg/L), using a multiparameter probe (YSI, USA). The tank was siphoned weekly to
remove accumulated organic matter, and the water was renewed.

Obtaining essential oil of P. marginatum and determining its chemical composition

Piper marginatum was cultivated in the Medicinal Plants and Vegetables Sector of Embrapa Manaus, in
the state of Amazonas, Brazil. The branches and inflorescence of P. marginatum were used to obtain
essential oil. This essential oil was extracted through hydrodistillation with Clevenger apparatus. The
chemical composition of the essential oil was determined using gas chromatography–mass
spectrometry (GC-MS; Shimadzu QP5050A), following the methodology described by Adams [1]. The
main constituents of P. marginatum essential oil were found to be 3,4-methylenedioxy-propiophenone
(20.8%), (E)-β-ocimene (5.9%), safrole (5.3%), (E)-caryophyllene (5.2%) and 2-hydroxy-4,5-methylenedioxy-
propiophenone (4.5%) [3].
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Therapeutic baths for C. macropomum using essential oil of P. marginatum

Fingerlings of Colossoma macropomum (41.08 ± 15.4 g and 14.4 ± 1.7 cm) were exposed to 100 mg/L
of the essential oil of P. marginatum for 20 min every two days, over a period of six days with a total
three therapeutic baths, using tanks of 100 L of water. Three treatments with three replicates each were
used, with 13 fish per replicate, totaling 39 fish per treatment. The fish were kept in a static water system
at the time of addition of the essential oil of P. marginatum. After the 20 minutes of the therapeutic bath,
the water in the tanks was changed. The essential oil was diluted in 70% ethyl alcohol (1:10 g). Two
control groups were used: one with water from the cultivation tank and the other with water from the
cultivation tank + ethyl alcohol (70%). On the sixth day, after the therapeutic bath of that day, the fish
were euthanized by means of brain sectioning and the gills were collected and fixed in 5% formalin, to
quantify the monogeneans [8] and determine the prevalence and mean abundance of these parasites [5].
The efficacy of the therapeutic baths was determined using calculations described in Zhang et al. [21].

During the therapeutic baths with 100 mg/L of the essential oil of P. marginatum, the fish were observed
to record any occurrence of behavioral alterations.

Blood analysis on C. macropomum after therapeutic baths with the essential oil of P. marginatum

After the third therapeutic baths with 100 mg/L of the essential oil of P. marginatum, blood was collected
from each fish by puncturing the caudal vessel using syringes containing EDTA (10%). Three treatments
with three replicates each were used, with five fish per replicate, totaling 15 fish per treatment. Two
control groups were used: one with water from the cultivation tank and the other with water from the
cultivation tank + 70% ethyl alcohol. The blood was used to determine the follow parameters: hematocrit
using the microhematocrit method; total erythrocyte counts using a Neubauer chamber; and hemoglobin
concentration using the cyanmethemoglobin method. The hematimetric indices of mean corpuscular
volume (MCV) and mean corpuscular hemoglobin concentration (MCHC) were calculated from these
parameters. Blood smears were made and stained with May-Grünwald-Giemsa-Wright medium in order
to make differential leukocyte counts in up to 200 cells of interest. Blood smears were also used to
determine the total numbers of leukocytes and thrombocytes using an indirect method [17].

Histopathological analyses on C. macropomum gills after therapeutic baths with the essential oil of P.
marginatum

On the sixth day, after the third therapeutic bath, the fish were euthanized by brain section and the gills of
nine fish per treatment (three from each replicate) were collected for histopathological analysis. Three
treatments with three replicates each were used, consisting of baths with 100 mg/L of the essential oil
of P. marginatum, along with two control groups: one with water from the cultivation tank and the other
with water from the cultivation tank + ethyl alcohol (70%The first gill arch on both sides of each fish was
collected and fixed in Davidson solution for 48 h, which was then exchanged for 70% alcohol. The gill
arches were dehydrated in a gradually increasing series of ethanol baths (70, 80, 90 and 100%), followed
by a xylol bath. They were then embedded in paraffin to obtain consecutive 5 µm sections, using an
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electron microtome (Thermo Scientific™ HM 340E, USA). Images were obtained using an ordinary optical
microscope (Leica DM 1000, USA) and the Leica Application Suite 1.6.0 software. Histopathological
analyses were performed in a semiquantitative manner using mean assessment values [19] and the
histopathological alteration index [16]. The nomenclature used for the histopathological changes was in
accordance with Wolf et al. [23].

Statistical analyses
All the histopathological, parasite and blood data were firstly evaluated for normality and
homoscedasticity using the Shapiro-Wilk and Bartlett tests, respectively. As the data did not follow
normal distribution, the Kruskal-Wallis test was used, followed by the Dunn test, to compare medians.
The statistical significance level was taken to be p < 0.05 [20].

RESULTS
Therapeutic baths and anthelmintic action of the essential oil of P. marginatum on C. macropomum

Behavioral changes were observed among the fish during the therapeutic baths with 100 mg/L of the
essential oil of P. marginatum, consisting of agitation, accelerated movement of the operculum, erratic
swimming and lethargy. Full recovery of normal movement occurred within 20 min after the end of each
therapeutic bath. There was no change in the behavior of the fish in the control groups consisting of
either water from the cultivation tank or water from the cultivation tank + 70% alcohol. During the three
days of treatment, the fish fed normally and there was no mortality during or after the therapeutic baths.

In the gills of C. macropomum, the prevalence of the monogeneans (Anacanthorus spathulatus,
Notozothecium janauachensis, Mymarothecium boegeri and Linguadactyloides brinkmanni) was the
same between the treatments (Table 1). The abundance of monogeneans was lower (p < 0.05) in fish
exposed to 100 mg/L of the essential oil of P. marginatum and water from the cultivation tank + 70%
alcohol, compared with the control consisting only of water from the cultivation tank. Therapeutic baths
with 100 mg/L of the essential oil of P. marginatum were 42.8% effective against monogeneans on the
gills of C. macropomum and similar to the result from the control consisting of water from the cultivation
tank + alcohol (Table 1).
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Table 1
Parasitological indices of monogeneans on the gills of Colossoma macropomum

subjected to therapeutic baths with the essential oil of Piper marginatum, and efficacy
of these treatments.

Treatments Prevalence (%) Mean abundance Dunn test Efficacy (%)

Water 100 28.6 ± 15.1a 22.95 -

Water + alcohol 100 14.7 ± 6.8b 44.55 48.2

100 mg/L 100 8.4 ± 5.2c 22.6 42.8

Different letters in the same column indicate differences according to the Dunn test.

Blood parameters of C. macropomum exposed to the essential oil of P. marginatum

The plasma concentrations of glucose and total protein in fish exposed to 100 mg/L of the essential oil
of P. marginatum were lower than in controls with water from the cultivation tank and water from the
cultivation tank + alcohol. In the fish exposed to 100 mg/L of the essential oil of P. marginatum,
hematocrit and the counts of neutrophils and PAS-positive granular leukocytes (PAS-GL) were higher
than in controls with water from the cultivation tank and water from the cultivation tank + alcohol.
Hemoglobin and total leukocyte counts in the fish exposed to 100 mg/L of the essential oil of P.
marginatum were higher than in the fish of the control group exposed to water from the cultivation tank.
However, the other blood parameters were similar between treatments (Table 2).
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Table 2
Blood parameters of Colossoma macropomum subjected to therapeutic baths with the essential oil of

Piper marginatum.
Parameters Water Water + alcohol 100 mg/L

Glucose (mg/dL) 94.6 ± 21.8a 91.5 ± 19.6a 84.8 ± 13.5b

Total protein (g/dL) 2.8 ± 0.5a 2.8 ± 0.6a 1.5 ± 0.4b

Erythrocytes (x106/µL) 1.36 ± 0.28a 1.69 ± 0.40a 2.11 ± 0.69a

Hematocrit (%) 22.4 ± 1.5a 24.2 ± 3.3a 26.9 ± 2.1b

Hemoglobin (g/dL) 6.5 ± 0.7a 7.3 ± 0.7a,b 8.3 ± 1.3b

MCV (fL) 170.4 ± 32.4a 152.3 ± 45.6a 137.4 ± 32.0a

MCHC (g/dL) 28.9 ± 2.1a 30.3 ± 3.1a 30.6 ± 3.9a

Thrombocytes (µL) 18,473 ± 5,512a 17,531 ± 8,769a 16,999 ± 7,111a

Leukocytes (µL) 138,764 ± 29,941a 172,444 ± 41,835a,b 221,288 ± 73,918b

Lymphocytes (µL) 77,529 ± 28,705a 77,529 ± 28,705a 79,149 ± 30,911a

Monocytes (µL) 47,440 ± 19,317a 47,440 ± 19,317a 59,766 ± 26,776a

Neutrophils (µL) 26,435 ± 10,583a 26,435 ± 10,583a 42,691 ± 19,408b

Eosinophils (µL) 6,148 ± 4,644a 6,148 ± 4,644a 9,908 ± 9,113a

PAS-GL (µL) 13,399 ± 6,578a 13,398 ± 6,579a 24,522 ± 17,415b

Basophils (µL) 2,778 ± 2,721a 2,778 ± 2,721a 4,977 ± 4,059a

Data express mean ± standard deviation. Different letters in the same line indicate differences
according to the Dunn test (p < 0.05). PAS-GL: PAS-positive granular leukocytes; MCHC: mean
corpuscular hemoglobin concentration; MCV, mean corpuscular volume.

Histopathological analyses on the gills of C. macropomum after therapeutic baths with the essential oil
of P. marginatum

In the controls with water from the cultivation tank, there was no histopathological change in the gills. In
the gills of the fish exposed to tank water + 70% alcohol (control), there were occurrences of aneurysm-
like lesions of lamellar blood vessels, hyperplasia lamellae and detachment of the lamellar epithelium.
Fish gills exposed to 100 mg/L of P. marginatum showed lamellar hyperplasia with fusion (LHF) and
hyperplasia lamellae (Fig. 1A-D).
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In the fish exposed to 100 mg/L of the essential oil of P. marginatum and to water from the cultivation
tank + 70% alcohol, the histopathological alteration index (HAI) values were higher (p < 0.05) than in the
control with water from the cultivation tank alone. In the fish exposed to water from the cultivation tank 
+ alcohol, the mean assessment values (MAV) were different (p < 0.05) from those of the control group
with water from the cultivation tank alone (Table 3).

Table 3
Mean assessment values (MAV) and histopathological alteration index (HAI) values for gills of

Colossoma macropomum subjected to therapeutic baths with the essential oil of Piper marginatum.
Treatments N MAV HAI Severity of the lesions according to the

HAI
   

Water 9 5.0 ± 2.2a 5.3 ± 4.2a Normal functioning of the organ    

Water + alcohol 9 8.0 ± 1.0b 11.5 ± 
4.6b

Mild to moderate organ
damage

         

100 mg/L 9 7.2 ± 
1.3a,b

12.7 ± 
3.3b

Mild to moderate organ
damage

         

Data express mean ± standard deviation. Different letters in the same column indicate differences
according to the Dunn test (p < 0.05).

DISCUSSION
The negative aspects of use of chemotherapy drugs and the prohibition of different drugs for use in
aquaculture in several countries have led to the need for alternative treatments. Use of essential oils is
one of these alternatives, since several of these bioactive compounds have antiparasite effects [9, 18].
However, many essential oils consist of bioactive compounds that also induce anesthesia in fish [12, 2],
which makes it difficult to use high therapeutic concentrations and long-duration baths among some
fish, like those of the present study.

On the other hand, for C. macropomum, the short therapeutic baths with 100 mg/L of the essential oil of
P. marginatum that were used in the present study had low efficacy against monogeneans. This was
unexpected, given that Alves et al. [3] reported that 100–400 mg/L of the essential oil of P. marginatum
showed in vitro efficacy against monogeneans on the gills of C. macropomum. Various other essential
oils have also shown efficacy in controlling monogeneans, although the results have varied according to
the concentration used. Other relevant variables are the tolerance of the fish to the oil and the strategy
used in the therapeutic baths [12, 14, 3].

In fish, studies on blood parameters can be used to evaluate the response to stress and toxicity [12, 21].
In C. macropomum exposed to 100 mg/L of the essential oil of P. marginatum, the plasma levels of total
protein and glucose decreased, while the hematocrit, hemoglobin and total leukocyte count increased,
due to the increases in the total neutrophil count and PAS-GL, which improved the transport of dissolved
oxygen and immunity of the fish. In C. macropomum, exposure to 300 mg/L of the essential oil of Alpinia
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zerumbet was also found to reduce the plasma levels of total protein and glucose and total leukocyte
count, without altering hematocrit and hemoglobin concentration [12]. However, also in C. macropomum,
exposure to 60 mg/L of the essential oil of Cymbopogon citratus increased the plasma glucose levels
and decreased the total leukocyte count, due to stress caused by the therapeutic baths [11]. Malheiros et
al. [14] reported that therapeutic baths with 100 mg/L of oleoresin of Copaifera reticulata or with 250
mg/L of nanoemulsion from this oleoresin also increased the plasma levels of total protein and glucose
in C. macropomum. Total protein levels depend on intracellular mechanisms and specific proteins and
may be affected by stress [12].

Fish gills are multifunctional organs that perform various vital functions [14, 6, 22] and can be harmed by
damage to their structure, which may interfere with maintenance of homeostasis [22]. In the present
study, hyperplasia lamellae with or without fusion were observed on the gills of C. macropomum
subjected to therapeutic baths with 100 mg/L of the essential oil of P. marginatum. On the gills of the
fish exposed to cultivation tank water + 70% alcohol, there were branchial filaments showing aneurysm-
like lesions of lamellar blood vessels, hyperplasia lamellae and detachment of the lamellar epithelium.
However, such lesions ranged only from mild to moderate, therefore resulting in little functional
impairment of the gills. In C. macropomum, therapeutic baths with 100 mg/L of oleoresin of C. reticulata
or with 250 mg/L of nanoemulsion of this oleoresin were found previously to cause epithelial
detachment, hyperplasia and hypertrophy, thus resulting in moderate fusion of secondary lamellae [14].
These gill alterations are adaptive strategies to increase the distance between the external environment
and the blood and therefore make contact with the stressor agent more difficult [14, 22].

CONCLUSIONS
In conclusion, short-duration baths with 100 mg/L of the essential oil of P. marginatum had low efficacy
against monogeneans of C. macropomum. Other strategies would be required in order to increase this
efficacy. Nonetheless, the three therapeutic baths caused few physiological and histopathological
changes in the fish exposed to them.
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Figure 1

Gills of Colossoma macropomum subjected to therapeutic baths with 100 mg/L of the essential oil of
Piper marginatum. A. Gills exposed to cultivation water (control) showing primary (PL) and secondary
(SL) lamellae (arrows). B-C. Gills exposed to water + 70% alcohol (control). B. Gill filaments showing
lesions due to detachment of the lamellar epithelium (arrow). C. Branchial filaments showing aneurysm-
like lesions of lamellar blood vessels (asterisk), lamellar hyperplasia (+) and detachment of the lamellar
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epithelium (arrow). D. Gills filaments exposed to 100 mg/L of P. marginatum, showing lesions due to
lamellar hyperplasia with fusion (LHF) and lamellar hyperplasia (asterisk).


