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In vivo and in vitro antiparasitic activity of the essential oil of Lippia sidoides and blood and histological
alterations were assessed in Colossoma macropomum (tambaqui). Essential oil concentrations of 10, 20, 40,
80, 160 and 320 mg/L were assayed in vitro against monogenoideans Anacanthorus spathulatus, Notozothe-
cium janauachensis and Mymarothecium boegeri from fish gills. Lippia sidoides essential oil concentrations
of 320 and 160 mg/L were 100% effective against monogenoideans in 10 min and 1 h of exposure, respec-

f\(/fy words: . tively. However, the effectiveness of 100% concentrations of 80 mg/L and 40 mg/L occurred in 3 and 6 h,
Pa(;:;)i%:snm ca respectively. In the in vivo tests, juvenile fish were submitted to 60 min of baths with 10 mg/L and 15 min

Medicinal plant of baths with 20 mg/L of the essential oil of L. sidoides. These therapeutic baths were not efficient against
Blood Ichthyophthirius multifiliis, and monogenoideans present in the gills of C. macropomum. In addition, 10
and 20 mg/L of the essential oil of L. sidoides caused an anesthetic effect on the fish and did not influence
total glucose and protein plasma levels; however, it decreased the number of total erythrocytes in fish
exposed to the higher concentration of this essential oil. Severe alterations and irreversible damage were
observed in the fish gills just after L. sidoides essential oil baths and after 24 h of recovery. The most recur-
rent lesions found were hyperplasia and fusion of the lamellar epithelium, vasodilation, detachment of
the gill epithelium and lamellar aneurism, epithelial breakdown with hemorrhage, congestion, edema
and necrosis, proliferation of the mucous cells and chloride cells and lamellar hypertrophy. Therefore,
since the essential oil of L. sidoides has in vitro antiparasitic activity and low concentrations of it have
shown toxic effects, the bioactive potential of its main chemical components should be investigated, as
well as more efficient forms of its administration in therapeutic baths in order to eliminate fish parasites.

© 2016 Elsevier B.V. All rights reserved.

Tambaqui

1. Introduction gained importance due to their potential effects and because of the

damage caused by chemotherapeutic agents, which can damage

Medicinal plants have become increasingly popular in aquacul-
ture due to their diversity of chemical components that provide
different actions, including therapeutic activity. In fish farming,
the search for natural substances with antiparasitic action has
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the environment, fish, and human health. Essential oils extracted
from species of Lippia (Verbenaceae) have great bioactive potential,
therefore, they could possibly be promising herbal medicines to use
in fish farming. Species of Lippia have antimicrobial, antiparasitic,
anesthetic, analgesic, anti-inflammatory and antitumor activities
(Cunha et al., 2010; Becker et al., 2012; Soares and Tavares-Dias,
2013; Hashimoto et al., 2016; Soares et al., 2016).

Lippia sidoides Cham. 1832, known as alecrim-pimenta, alecrim-
bravo, estrepa-cavalo and alecrim-grande, is popularly used to treat
infections and other diseases, many of which had activities against
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infections proven scientifically (Silva et al., 2006; Lobo et al., 2014;
Veras et al., 2014). It is an erect deciduous shrub, much branched
and crumbly, typical of the semi-arid vegetation, growing in the
Caatinga of the northeast region of Brazil. Leaves are aromatic
and spicy, opposite, simple and petiolated. Its flowers are small
and whitish, gathered in clusters of short axis in the leaf axils. Its
fruits are tiny, producing very small seeds, which rarely germinate
(Camurca-Vasconcelos et al., 2007; Fontenelle et al., 2007).

Studies have shown the essential oil of L. sidoides have antipar-
asitic action against ticks (Gomes et al., 2012, 2014), forms
of Leishmania (Oliveira et al., 2009; Farias-Janior et al., 2012),
helminths from caprine and ovine animals (Camurc¢a-Vasconcelos
et al, 2007) and monogenoideans from Oreochromis niloticus
(Hashimoto et al., 2016), and activity against fungi and bacte-
ria (Fabri et al., 2011; Fernandes et al., 2012; Funari et al., 2012;
Fontenelle et al., 2007). However, L. sidoides has not been used
against monogenoideans from Colossoma macropomum Cuvier,
1818 (tambaqui), an important fish for the fish farming of the region
of Amazon.

Colossoma macropomum is a species of Serassalmidae native
to Amazon that, due to its rusticity and omnivorous feeding, has
been widely cultured in different intensive systems, favoring the
dissemination of parasitic diseases because of high densities used
in these systems (Dias et al., 2015). As a result, it has often been
parasitized by Ichthyophthirius multifiliis (Protozoa), Anacanthorus
spathulatus, Notozothecium janauachensis, Mymarothecium boegeri
and Linguadactyloides brinkmanni (Monogenoidea), which might
cause economic loss (Boijink et al., 2015; Martins et al., 2002;
Soares et al., 2016), not yet calculated. Due to the need to effi-
ciently treat these parasites from C. macropomum, herbal therapy
can be an alternative to chemotherapeutic products (Soares et al.,
2016). Thus, because of the bioactive potential of the essential oil
(EO) of L. sidoides against different pathogenic agents, it is impor-
tant to study its action against C. macropomum ectoparasites. The
objective of this study was to investigate the in vivo and in vitro
antiparasitic activity of the EO of L. sidoides, and the possible blood
and histopathological alterations in the gills of C. macropomum.

2. Materials and methods
2.1. Extraction and chemical compounds of the EO of L. sidoides

The cultivation of L. sidoides and the EO extraction were car-
ried out at the Department of Medicinal Plants and Vegetables of
Embrapa Western Amazon, in Manaus, State of Amazonas, Brazil.
The essential oil was extracted from the leaves and inflorescences
of L. sidoides by the hydrodistillation technique using a Clevenger
apparatus. The chemical analysis of the EO was performed by gas
chromatography connected to mass spectrometry. The chemical
components of the EO of L. sidoides in this study are shown in
Table 1.

2.2. Fish and acclimatization

The experiments were carried out at the Laboratory of Aquacul-
ture and Fishing of Embrapa Amapa, Macap4, State of Amapa, Brazil.
Juveniles of C. macropomum (£+30 g) were obtained from commer-
cial fish farming. The fish were acclimated during seven days in
500 L water tanks and fed with fish feed containing 32% crude pro-
tein (CP). In the tanks, the constant system of water renewal was
maintained, and the water parameters were monitored: average
temperature of 30.7 + 0.2 °C, dissolved oxygen of 5.6 & 0.4 mg/L, pH
of 5.3 £0.2,ammonium of 0.4 + 0.2 mg/L, alkalinity of 10.0 = 0 mg/L
and hardness of 10.0 + 0 mg/L. Removal of organic material accu-
mulated at the bottom of the tanks was daily performed.

Table 1
Chemical constituents of the essential oil of Lippia sidoides.

Peack % content Retention index Identification

1 1.1 854 (E)-2-hexenal

2 0.9 928 Alpha-tujeno

3 2.0 989 Myrcene

4 1.1 1016 Alpha-terpinene

5 11.7 1024 p-cimeno

6 3.6 1059 Gamma-terpinene

7 14 1144 ipsdienol

8 1.2 1175 4-terpineol

9 1.1 1232 timil-methil-ether
10 4.6 1241 Carvone

11 64.5 1289 Thymol

12 4.9 1414 (E)-Beta-Caryophyllene
13 19 1576 Caryophyllene oxide

Total identified (%): 100

2.3. Invitro assay with the EO of L. sidoides and
monogenoideans from C. macropomum

To assess the exposure time and concentrations of the EO of L.
sidoides that cause mortality in species of monogenoideans from the
gills of 24C. macropomum (15.7 £ 1.2 cm and 78.2 +10.7 g), in vitro
assays were performed. In order to do that, two control groups were
used, one with tank water and the other with tank water + absolute
ethyl alcohol, and six different concentrations of the EO of L. sidoides
(10, 20 40, 80, 160 and 320 mg/L), using three replicates for each
treatment according to the methodology used by Soares et al.
(2016), and in environment temperature of 17-18 °C. This solvent
was used in the ratio 1:10.

From the in vitro results, the concentrations used in the ther-
apeutic baths with the EO of L. sidoides were determined after a
previous test of fish tolerance.

2.4. Invivo assay with C. macropomum

Juveniles(13.2+ 1.1 cmand 42.4 £+ 10.1 g), naturally parasitized,
were randomly distributed in 12 tanks of 100L in an open water
system during 48 h. For this assay, four treatments and three
replicates were used with 20 fish for each replicate, and the fish
were maintained in a static water system (average temperature of
29.3+£0.1°C, dissolved oxygen of 6.3 +0.06 mg/L, pH of 5.2 +0.09,
ammonium of 0.3 4+ 0.12 mg/L, alkalinity of 10.0 + 0 mg/L and hard-
ness of 10.0+0mg/L). The treatments were as follow: control
groups with tank water or with water +absolute ethyl alcohol
(1:10), the solvent used for diluting the EO, 10 and 20 mg/L of the
EO of L. sidoides. The fish submitted to the concentration of 10 mg/L
and 20 mg/L were exposed to the L. sidoides EO bath during 60 and
15 min, respectively, while the fish from the control treatments
remained in the bath for 60 min. After the bath time, the tank water
was maintained in continuous flow and 10 fish from each repli-
cate, from the different treatments, were used for gill collection,
fixed in 5% formalin, for parasite quantification and identification.
The parasites were prepared for identification under the previous
recommendations (Eiras et al., 2006). After parasite quantification,
prevalence and mean abundance of infection were calculated (Bush
et al., 1997). The efficacy of each treatment was calculated accord-
ing to Zhang et al. (2014).

The other group of fish was used for blood and histopathological
analyses.

In vitro concentrations, previously assayed, have shown low fish
tolerance to the EO of L. sidoides. Thus, only concentrations of 10
and 20 mg/L could be used in the therapeutic baths for tambaqui.
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2.5. Analysis procedures of the C. macropomum blood
parameters after exposure to the EO of L. sidoides

After the therapeutic baths of 15 and 60 min with 20 and
10mg/L of the EO of L. sidoides, respectively, and 60 min for the
control group, five fish from each replicate (15 fish per treat-
ment) were used for blood testing. From each fish, a blood
sample was collected by caudal vein puncture, using syringes
containing EDTA (10%), which were divided in two aliquots. An
aliquot was used for counting total erythrocytes number in a
hemocytometer, determining the hematocrit by using the micro-
hematocrit method and concentration of hemoglobin by using the
cyanmethemoglobin method. With the data, Wintrobe’s indices
were calculated: mean corpuscular volume (MCV) and mean cor-
puscular hemoglobin concentration (MCHC). Blood smears were
prepared and panchromatically stained with a combination of
May Griinwald-Giemsa-Wright (Ranzani-Paiva et al., 2013) stains
for the leucocyte differential counting up to 200 cells in each
blood smear. The identification and classification of the leuco-
cyte populations were made according to the recommendations of
Tavares-Diasetal.(1999). The blood smears were also used to count
the total number of leucocytes and thrombocytes (Ranzani-Paiva
etal, 2013).

The second blood aliquot was centrifuged at 75G in order to
obtain plasma and for the analysis of glucose levels and total plasma
proteins. Glucose concentration was determined by the enzymatic
colorimetric method of glucose oxidase by using a commercial kit
(Biotécnica, MG, Brazil). The concentration of total plasma proteins
was determined by the biuret method by using a commercial kit
(Biotécnica, MG, Brazil). Both biochemical analyses were read in a
spectrophotometer.

2.6. Procedures of histopathological analyses of the C.
macropomum gills after exposure to the EO of L. sidoides

After the therapeutic baths of 15 and 60 min with 20 and 10 mg/L
of the EO of L. sidoides, respectively, and 60 min for the control
groups, 6 fish from each treatment (2 fish per each replicate) were
used for the collection of gill arches for histopathological analyses.
After 24 h of these therapeutic baths, other 6 fish per treatment (2
fish per each replicate) were used for the collection of gill arches
for histopathological analyses (recovery). These fish used in the
recovery were kept in continuous flow water tanks and were fed.

The first right gill arch of each fish was collected and fixed
in buffered formalin (10%) for histopathological analyses. The gill
arches were dehydrated by a gradual series of ethanol and xylol and,
then, embedded in paraffin to obtain successive series of microtome
sections. The histological sections were stained with hematoxylin
and eosin (HE) and analyzed in a common light microscope (Soares
et al., 2016).

The histopathological analysis was performed semi qualitatively
using the mean alteration value (MAV) (Schwaiger et al., 1997) and
the histopathological alteration index (HAI) (Poleksic and Mitrovic-
Tutundzic, 1994).

2.7. Statistical analyses

All data were previously assessed based on the assumptions of
normality and homoscedasticity by using Shapiro-Wilk and Bartlett
tests, respectively. For the data which did not follow any normal
distribution pattern, Kruskal-Wallis analysis was used followed by
the Tukey test (p<0.05).

3. Results
3.1. Invitro antiparasitic action of the EO of L. sidoides

In the in vitro test, the EO of L. sidoides has shown 100% of
anthelminthic activity against A. spathulatus, N. janauachensis and
M. boegeri (Monogenoidea) from the gills of C. macropomum after
10min of exposure in the concentration of 320 mg/L, and after
1 and 3 h of exposure in the concentrations of 160 and 80 mg/L,
respectively, when total immobilization of parasites was observed.
In the concentration of 40 mg/L, total immobilization of parasites
occurred only in 6 h of in vitro exposure, while in lower concen-
trations, it occurred after 6h of exposure. However, in the fish
exposed only to water +alcohol (controls), the beginning of mor-
tality of monogenoideans occurred in 3 h, while the fish exposed
only to water from culture tanks (controls), it occurred in a 6 h of
exposure. Total immobilization of parasites in both control groups
occurred in more than 8 h of experiment (Fig. 1 and Table 2).

3.2. Antiparasitic action after C. macropomum exposure to the
EO of L. sidoides

The fish gills exposed to the EO of L. sidoides were parasitized
by I multifiliis, A. spalutathus, M. boegeri and N. janauachensis, but
there were no differences in terms of abundance and prevalence
among the different treatments (Table 3).

In the therapeutic baths, the fish have shown the following
behavior: normal behavior in the control with water, moderate
excitement in the control with water +alcohol, lethargy in the con-
centration of 10 mg/L, and submersion in the bottom of the tanks in
the concentration of 20 mg/L. When the continuous flow of water
in the tanks was applied, for the elimination of the essential oil,
the fish exposed to the EO of L. sidoides rapidly returned to normal
swimming behavior, and there was no mortality during and after
the experiment.

3.3. Effect of baths with EO of L. sidoides in the blood parameters

In C. macropomum, 60 min of baths with 10 mg/L and 15 min of
baths with 20 mg/L of the EO of L. sidoides did not influence the glu-
cose levels and total plasma proteins. The number of erythrocytes
in the fish from the treatment with 20 mg/L was lower compared
to the other treatments, but the hematocrit and hemoglobin of this
treatment were similar to the treatments with water and 10 mg/L
of the EO of L. sidoides. In relation to the MCV, the treatment with
20 mg/L of the EO of L. sidoides has shown higher values compared
to the other treatments, but there was no difference between the
values of MCHC (Table 4).

3.4. Histopathological effects in the C. macropomum gills
exposed to the EO of L. sidoides

After the therapeutic baths, it was observed an increase in
the MAV of the fish gills exposed to the EO of L. sidoides in
both concentrations used, which were similar to the control with
water +alcohol and different from the control with only water from
the culture tanks. After 24 h of recovery, the gill MAV from the con-
centration of 20 mg/L was similar to the other treatments, but only
the MAV from the concentration of 10 mg/L was different from the
control group with water. A comparison between the two measure-
ments of gill histopathological analyses showed a difference only
between the MAV from the fish exposed to 20 mg/L and the control
exposed only to water, after 24 h of recovery. But, there were simi-
larities between the other treatments in the two periods analyzed
(time zero and 24 h).
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Table 2

In vitro antiparasitic action of the essential oil of Lippia sidoides against
monogenoideans of Colossoma macropomum, in relation to the concentration and
time of exposure.

Time Treatments Mean of live parasites Mortality (%)
Water 253+4.5 0
Water +alcohol 22+2.6 0
10mg/L 20+0.0 0
20mg/L 20+0.0 0
40 mg/L 21.7+29 0
80 mg/L 21+1.7 0
160 mg/L 20.7+12 0
Oh 320mg/L 20.3+06 0
Water 253+45 0
Water +alcohol 22.0+2.6 0
10mg/L 20.0+0.0 0
20mg/L 20.0+0.0 0
40 mg/L 21.7+29 0
80mg/L 193+1.2 8.1
160 mg/L 8.0+7.5 61.3
10 min 320mg/L 0.0+0.0 100
Water 253+4.5 0
Water +alcohol 22.0+2.6 0
10mg/L 20.0+0.0 0
20mg/L 19.7+0.6 1.5
40 mg/L 213432 1.8
80mg/L 193+1.2 8.1
160 mg/L 3.3+35 84
20 min 320mg/L 0.0+0.0 100
Water 253+45 0
Water +alcohol 22.0+2.6 0
10mg/L 20.0+0.0 0
20mg/L 19.7+0.6 1.5
40 mg/L 21.3+3.2 1.8
80mg/L 19.0+1.7 9.5
160 mg/L 2.0+3.5 90.3
30 min 320mg/L 0.0+0.0 100
Water 253+45 0
Water +alcohol 22.0+2.6 0
10mg/L 183+1.5 8.5
20mg/L 19.7+£0.6 1.5
40 mg/L 21.0+2.6 3.2
80mg/L 16.0+5.3 238
160 mg/L 0.0+0.0 100
1h 320mg/L 0.0+0.0 100
Water 25.0+5.0 1.2
Water +alcohol 20.0+5.0 9.1
10mg/L 14.7+6.8 26.5
20mg/L 17.3+2.1 135
40 mg/L 18.7+3.1 13.8
80mg/L 0.0+0.0 100
160 mg/L 0.0+0.0 100
3h 320mg/L 0.0+0.0 100
Water 4.7+4.6 81.4
Water +alcohol 12.0+9.5 45.5
10mg/L 7.7+49 61.5
20mg/L 3.0+3.6 85
40 mg/L 0.0+0.0 100
80 mg/L 0.0+0.0 100
160 mg/L 0.0+0.0 100
6h 320mg/L 0.0+0.0 100
Water 1.3+23 94.9
Water +alcohol 1.3+15 94.1
10mg/L 0.0+0.0 100
20mg/L 0.0+0.0 100
40 mg/L 0.0+0.0 100
80mg/L 0.0+0.0 100
160 mg/L 0.0+0.0 100
8h 320mg/L 0.0+0.0 100

As to the HAI of the gills collected after the therapeutic baths
with 10 mg/L of the EO of L. sidoides, it was similar to the other
treatments of the same period, while the concentration of 20 mg/L
was higher to both control treatments. After 24 h of recovery, the
HAI from the treatments with EO was higher in the control group
with water and similar to the control group with water +alcohol. A
comparison between the two measurements of collection showed
both treatments with oil after the bath were similar to both treat-
ments with the EO of L. sidoides and control with water +alcohol,
after 24 h of recovery (Table 5).

The main histological changes observed in the fish gills exposed
to the EO of L. sidoides were: hyperplasia and fusion of the lamellar
epithelium, vasodilation, detachment of the lamellar epithelium
and lamellar aneurism, epithelial breakdown with hemorrhage,
congestion, edema and necrosis (Fig. 2A-H), as well as proliferation
of the mucous cells and chloride cells and lamellar hypertrophy,
changes which occurred less frequently.

4. Discussion

The essential oil of L. sidoides used in this study presented thy-
mol and p-cymene (76.2%) as major components, similar to what
was described by Hashimoto et al. (2016), who found 83.0% of
these two components. However, Veras et al. (2014) reported a
higher concentration of thymol p-cymene (90.2%) in the EO of L.
sidoides analyzed. During the therapeutic baths of C. macropomum
with the EO of L. sidoides, an anesthetic effect was observed, similar
to the effect reported on O. niloticus when exposed to this essential
oil (Hashimoto et al., 2016). Thus, only two low concentrations of
this EO could be used in the therapeutic baths for C. macropomum.
Chemical analysis of natural products is essential, once extracts of
the essential oil from the same species of plant can be different
due to factors such as location, planting conditions, cut, season-
ality, etc. (Soares and Tavares-Dias, 2013). However, since there
were no studies about the antiparasitic activity of L. sidoides for C.
macropomum, this has been the first report on it.

The in vitro antiparasitic test has shown the concentrations of
40, 80, 160 and 320 mg/L of the EO of L. sidoides had 100% effi-
cacy against A. spatulathus, M. boegeri and N. janauachensis from
C. macropomum, in different time, but lower concentrations com-
pared to these ones had a low efficacy. These results corroborate the
findings of Hashimoto et al. (2016), who found 100% effectiveness
in L. sidoides against monogenoideans Cichlidogyrus tilapiae, Cich-
lidogyrus thurstonae, Cichlidogyrus halli and Scutogyrus longicornis
from O. niloticus gills in the concentrations of 160 and 320 mg|/L,
whose time of parasite sensitivity depended on the concentration
of the EO of L. sidoides. The essential oil of L. sidoides used in these
two studies had a similar composition of thymol and p-cymene,
substances responsible for the antiparasitic action (Oliveira et al.,
2009). In vitro studies of the EO of Lippia alba, whose major com-
ponents found were carvone and limonene, have shown 100% of
activity against monogenoideans from C. macropomum after expo-
sure in concentrations of 160, 320, 640, 1280 and 2560 mg/L (Soares
et al., 2016).

After in vitro antiparasitic tests, C. macropomum were submit-
ted to sensitivity tests with several concentrations of the EO of L.
sidoides, to determine fish tolerance. The results have indicated
a low tolerance of the EO of L. sidoides. Thus, only 10-20 mg/L of
this oil could only be used for the C. macropomum exposure. As a
consequence, there was no difference in the prevalence and abun-
dance of I. multifiliis, A. spatulathus, M. boegeri and N. janauachensis.
Hashimoto et al. (2016), after the sensitivity test of O. niloticus, the
concentration of 20 mg/L of the EO of L. sidoides was adopted for
the therapeutic baths and a 33.3% effectiveness was found against
C. tilapiae, C. thurstonae, C. halli and S. longicornis. However, in C.



B.V. Soares et al. / Veterinary Parasitology 234 (2017) 49-56 53

120 - E10mg/L W20 mg/L 040 mg/L & 80 mg/L. M 160 mg/L 0320 mg/L

Efficacy (%)
£y [=)) o]
(=) (=) (=]

[}
o
L

10 min 20 min 30 min 1h 3h 6h

Fig. 1. In vitro efficacy of different concentrations of essential oil of Lippia sidoides against monogenoideans of Colossoma macropomum.

Table 3
Prevalence (P) and mean abundance (MA) of parasites in Colossoma macropomum gills exposure to essential oil of Lippia sidoides.
Water (n=30) Water + Alcohol (n=30) 10mg/L (n=30) 20 mg/L (n=30)
60 min 60 min 60 min 15 min
Parasite species P (%) MA P (%) MA P (%) MA P (%) MA
Ichthyophthirius multifiliis 100 639.1+£561.32 100 451.3+410.72 93.3 410.5+329.32 96.7 469.4+320.72
Anacanthorus spatulathus 100 112.0+83.0% 100 83.4+68.82 100 131.5+112.92 100 105.3+78.22
Mymarothecium boegeri 83.3 16.5+17.22 96.7 18.2+21.82 86.7 6.6 £6.9? 86.7 11.9+13.0?
Notozothecium janauachensis 96.7 118.2+91.32 100 107.0+73.82 100 151.5+126.32 100 119.6 +68.02

Different letters on the same line indicate differences according to the test Tukey (p <0.05).

Table 4

Blood parameters of Colossoma macropomum submitted to baths with essential oil of Lippia sidoides.
Parameters Water Water + Alcohol 10mg/L 20 mg/L
Glucose (g/dL) 67.4+12.12 80.2 +21.0° 63.7 +15.82 64.6 +6.0%
Total protein (mg/dL) 2.5+042 24+042 24+0.2° 234047
RBC (x105/uL) 1.34+0.32 1.24+0.32 1.04+0.152 0.6+0.3°
Hemoglobin (g/dL) 6.9+0.9% 7.0+0.8° 5.8+0.6 6.2+0.75
Hematocrit (%) 30.1+£4.9% 30.2+1.72 26.5+2.0° 26.9+2.8%
MCV (fL) 278.6+136.42 266.4+56.32 267.0+41.82 546.4 +355.8P
MCHC (g/dL) 2324352 23.3+2.3? 21.8+2.2° 2324227

Data are expressed as mean =+ standard deviation. Different letters in the same line indicate differences according to the Tukey test (p<0.05). RBC: Red blood cells, MCV:
Mean corpuscular volume, MCHC: Mean corpuscular hemoglobin concentration.

Table 5
Mean alteration value (MAV) and histopathological alteration index (HAI) of the gills of Colossoma macropomum exposed to the essential oil of Lippia sidoides.

After 30 min therapeutic bath

Treatments N MAV HAI Severity of the lesions according to the HAI
Water 6 1.0 +0.0%8 10.0+ 6.3 Normal functioning of the gills

Water + Alcohol 6 1.8 4+ 0.42PAB 86.0+54.8<C Severe alterations to the gills

10 mg/L 60 min 6 2.0+0.0PAB 82.8 4+ 53.13bcA Severe alterations to the gills

20mg/L 15 min 6 2.340.5% 119.5 +5.4b7 Irreparable damage to the gills

After 24 h of recovery subsequent to therapeutic bath

Water 6 1.0+ 0.0 8.5+6.128 Normal functioning of the gills

Water + Alcohol 6 1.7 +0.52bAB 90.8 + 54.23bA Severe alterations to the gills

10 mg/L 60 min 6 1.8 +0.4%A8 94.0 + 40.0PAC Severe alterations to the gills

20 mg/L 15min 6 1.3 +£0.52PAB 96.8 4+ 44.5PAC Severe alterations to the gills

The same lower-case letter in the same column indicates that there were no differences between the treatments, while upper-case letter in the same column indicates
differences between the times, according to the Tukey test (p <0.05).

macropomum, 100 and 150 mg/L of the EO of L. alba, during 30 min, (Sommerville et al., 2016); however, we accept only an efficacy
showed a efficacy of 40.7% and 50.3%, respectively, in the treat- >70%.
ment against . multifiliis (Soares et al., 2016). Usually, an efficacy Fish gills are organs responsible for the breathing, osmoregula-

>50% in reduction of parasitic intensity is considered acceptable tion and excretion in fish (Fiuza et al., 2011; Kumar et al., 2010),
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Fig. 2. A-H A Histological alterations in the gills of Colossoma macropomum exposed to two concentrations of the essential oil of Lippia sidoides, 10 and 20 mg/L, during 60 and
15 min, respectively. (A) Monogenoidean (*) in the fish gill from the control treatment with water. (B) Monogenoidean (*), in the gill from the control treatment with water.
(C) Monogenoidean (*) and regions with epithelium hyperplasia with lamellar fusion (arrows), in the gill from the control treatment with water. (D) Epithelium hyperplasia
generalized with regions of lamellar fusion and detachment of the lamellar epithelium in the gills of fish exposed to 20 mg/L. (E) Aneurisms (a) in the gills of control fish
exposed to water +alcohol. (F) Epithelial breakdown with lamellar hemorrhage in the gills of fish exposed to 10 mg/L. (G) Lamellar necrosis (stars) with epithelial breakdown
and hemorrhage in the gills of fish exposed to 20 mg/L. (H) Lamellar necrosis (stars), with regions of lamellar hyperplasia and epithelial breakdown with hemorrhage in the

gills of fish exposed to 20 mg/L.

thus, they respond to exposure of different natural compounds. In
C. macropomum, the results of the histological analysis have shown
the therapeutic baths from the treatments with water +alcohol,
10 and concentration of 20 mg/L of the EO of L. sidoides caused
severe alterations in the gills, such as hyperplasia and fusion of

the lamellar gill epithelium, vasodilation, detachment of the lamel-
lar epithelium and lamellar aneurism, epithelial breakdown with
hemorrhage, congestion, edema and necrosis. Similar studies with
therapeutic baths with concentrations of 100 and 150 mg/L of L.
alba have also observed severe alterations in the fish gills, caused
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by the alcohol of the EO (Soares et al., 2016). Veras et al. (2014)
reported thymol and p-cymene to possess topic anti-inflammatory
activity, but prolonged use of this EO causes inflammatory effect.
Oliveiraetal.(2014), evaluating the cutaneous inflammatory action
of the EO of L. sidoides in mice, observed this oil caused an increase
in skin thickness, edema and cutaneous erythema in various lev-
els in mice, and its effect being dose-dependent, but there was no
delay in wound healing. In addition, there was a cytotoxic effect on
monocytic cells exposed to 100 pg/mL of the EO of L. sidoides and
only 57.8% of the cells were viable after exposure (Rondon et al.,
2012).

The therapeutic baths with concentrations of 10 and 20 mg/L
of the EO of L. sidoides did not influence the glucose levels and
total plasma proteins, but the MCV increased because of a decrease
in the number of erythrocytes, hematocrit and hemoglobin in the
fish exposed to 20 mg/L. Such decrease in the number of erythro-
cytes, hemoglobin and hematocrit can be related to hemorrhagic
gill lesions, once in the treatments with the EO of L. sidoides the
HAl varied, with severe injury in the gills to and irreparable injury.
Similar results in blood parameters and gill injuries also occurred
in C. macropomum exposed to concentrations of 100 and 150 mg/L
of the EO of L. alba, during therapeutic baths of 30 min (Soares et al.,
2016). Therefore, as the EOs of Lippia spp. can cause gill lesions and
alterations in blood parameters in fish, they should not be used
sparingly in therapeutic baths.

The control group using water +alcohol differed from the con-
trol group using tank water only as to gill lesions, because the
alcohol used as a solvent of the essential oil can influence in the
results. Colossoma macropomum exposed to water +alcohol has
shown severe alterations in the gills, while the fish exposed to
water only did not present functional alterations in the gills. Other
studies have also shown the influence of different solvents, such
as alcohol (Soares et al., 2016), DMSO (Hashimoto et al., 2016) and
Tween-80 (Steverding et al., 2005) in experimental studies about
antiparasitic activity using plant extracts. Therefore, such solvents
can potentialize the action of the essential oils used in therapeutic
baths.

5. Conclusions

In vitro efficacy of the essential oil of L. sidoides was dose-
dependent and even the low concentrations used in the therapeutic
baths showed toxicity, causing histopathological alterations. In
addition to that, the solvent used in the essential oil causes dam-
age to the fish gills, resulting in blood and histological alterations,
without satisfactory tissue recovery in 24 h. Therefore, the concen-
trations of the essential oil of L. sidoides and the exposure time
used in this study cannot be indicated in the antiparasitic treatment
against I. multifiliis and monogenoideans from C. macropomum yet.
However, herbal therapy is an alternative therapeutic resource in
fish farming, but studies to evaluate the bioactivity of the major
compounds of the essential oil of L. sidoides should be conducted,
besides testing more efficient forms of administration in fish.
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