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Abstract Clove oil is used as an anaesthetic for many
species of fish worldwide; however, relatively few studies
have assessed its effectiveness on Amazon fish species
and no compelling evidence has ever been reported on
the relaxant properties of this oil for skeletal muscle of
fish. Thus, the objective of this study was to evaluate the
latencies to deep anaesthesia and recovery, along with the
myorelaxant effect of clove oil on three Amazon fish
species: cardinal tetra, Paracheirodon axelrodi, banded
cichlid, Heros severus and angelfish, Pterophyllum sca-
lare, submitted to short-term anaesthetic baths. Fish were
assayed in three groups of 60 fish each and individually
anaesthetized in a completely randomized design with six

clove oil concentrations using 10 fish/species/concentra-
tion. Electromyographic recordings from dorsal muscle
were performed during stages of induction and recovery
in which nine fish/species/stage were used. Deep anaes-
thesia was attained for all concentrations tested, and no
mortalities were observed throughout the experiments
and after a 48-h observation period. Concentration of
90 μL L−1 and above promoted fast deep anaesthesia
(< 3 min) and calm recovery in angelfish and cardinal
tetra, whereas the concentration of 60 μL L−1 sufficed to
quickly anaesthetize banded cichlid. Times to full recov-
ery were not significantly contrasting among species and
occurred within appropriate time threshold (< 5 min).
Clove oil exerted a conspicuous depression of muscle
contraction power, and therefore can be effectively used
as a muscle relaxant agent for P. scalare, P. axelrodi,
H. severus and potentially, for other fish species.

Keywords Electromyogram . Essential oil . Eugenol .

Muscle relaxant . Sedation

Introduction

Anaesthetic baths are used to minimize the deleterious
effects of stress and injuries and provide safe handling, as
well as for welfare purposes in fish (Sneddon 2012).
Clove oil (CLO) is an extractive from the plant Eugenia
aromatica frequently used as an additive in the food
industry, as a topical analgesic in dentistry (Singhal et al.
1997), and in aquaculture for anaesthesia/immobilization
of fish. It has the advantage of being a natural low-cost
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product and widely available to purchase. CLO or its
major constituent, eugenol [2-methoxy-4-(2-
propenyl)phenol], has been tested as anaesthetic for dif-
ferent fish species (Inoue et al. 2003; Grush et al. 2004;
Kaiser et al. 2006; Vidal et al. 2008; Cunha et al. 2010;
Readman et al. 2013). Although some reports are avail-
able for Amazonian fish (Roubach et al. 2005; Tarkhani
et al. 2017), there is still relatively little information on the
use of these plant extractives for these species.

Amazon ornamental fish trade is predominantly sup-
plied by capture of specimens from the natural environ-
ment, whereby inevitable handling will render fish
stressed (Grush et al. 2004; Neves et al. 2014). Cardinal
tetra, Paracheirodon axelrodi, banded cichlid, Heros
severus and angelfish Pterophyllum scalare are high-
profile species marketed worldwide. These are
benthopelagic fish which inhabit middle to bottom wa-
ter layers with pH ranging from 4 to 8 and temperatures
from 23 up to 30 °C.Most specimens are caught in small
tributaries of the Negro and Orinoco rivers in South
America, following wide distribution in the global fish
trade (FishBase 2016).

Many of the current drugs, including CLO, or alter-
native products recently put forward as novel fish an-
aesthetics are regarded as general anaesthetics with
muscle relaxation properties based on the grounds that
loss of reaction to visual or mechanical stimuli after
exposure to a given drug is accompanied by uncon-
sciousness and analgesia (Ross and Ross 2008). Yet,
the use of behavioural cues alone, such as the observa-
tion of latency to reaching a stage of complete immobi-
lization, does not prove general anaesthesia with uncon-
sciousness, analgesia or even loss of muscle tonus
(Barbas et al. 2017).

Clove-derived compounds evoked important relaxant
properties in smooth muscles of rat models. Eugenol led
to relaxation of smooth muscle in blood vessels of rats
through blockade of voltage- and ligand-dependent ion
channels (Damiani et al. 2003). Intravenous treatment of
both anesthetized and conscious rats with methyleugenol
lowered blood pressure probably through active vascular
musculature relaxation (Lahlou et al. 2004). In the diges-
tive tract, eugenol showed spasmolitic and relaxant ef-
fects, inducing reversible relaxation of rat ileum
(Trailovic et al. 2009). To date, there are no reports on
the ability of CLO or its derivatives to promote skeletal
muscle relaxation in animal models and only putative
loss of muscle tonus has been described in fish submitted
to anaesthetic baths using CLO or eugenol.

The use of rational and systematic CLO anaesthesia
can assist in the handling of fish, mainly in those cases
where complete immobilization and muscle relaxation
are sought after, e.g. for blood sampling or physical
marking, in which tags are planted in between the outer
layer of the skin and muscles, or even inside the mus-
culature through incision of muscle tissues. The sheer
extrapolation of results from relatively limited published
data, if used as general guidelines for anaesthesia of the
different fish species, can be life-threatening, because
interspecific morphological, physiological and behav-
ioural differences can elicit distinct anaesthesia out-
comes, even under the same anaesthetic concentration.
Hence, tailored anaesthetic protocols are necessary for
the different fish species (Neiffer and Stamper 2009).

No assessment has ever been made on the
anaesthetic-like effect associated with the muscle relax-
ant properties of CLO in fish. Therefore, the aim of this
study was to examine the anaesthetic efficacy of CLO
through determination of latencies to deep anaesthesia
and recovery by concentration-response trials after
short-term anaesthesia in three Amazon fish species,
namely P. axelrodi, H. severus and P. scalare. Further-
more, electromyographic recordings throughout anaes-
thesia and recovery were also performed to gauge the
extent of muscle relaxation attained.

Materials and methods

Experimental fish and acclimation period

Specimens used in this study were purchased from a fish
trade company. The average weight and standard length
were measured for cardinal tetra (0.32 ± 0.082 g and
2.33 ± 0.3 cm, total length), banded cichlid
(13.06 ± 4.86 g and 6.61 ± 0.79 cm, total length) and
angelfish (0.73 ± 0.18 g and 2.3 ± 0.41 cm, total length).

Before the beginning of the trials, fish were grouped
by species, acclimated and maintained in nine 310-L
semi-static water tanks (three tanks/species and 25
fish/tank) for 1 week with constant aeration and me-
chanical filtration. Animals were fed ad libitum two
daily meals (Poytara® flakes—38% crude protein) at
8:00 a.m. and 4:00 p.m. Thirty minutes after feeding,
uneaten food and faeces were siphoned and 20% of the
water volume was changed daily in each tank. Water
quality parameters were monitored and maintained
within the range observed in natural environment for
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the species used in this study: pH 5.2 ± 0.1, dissolved
oxygen and temperature in 5.5 ± 0.65 mg/L and
27.7 ± 0.12 °C, respectively (Yellow Springs Instru-
ments, Yellow Springs, OH, USA), and total ammonia
nitrogen (0.10 ± 0.07 mg/L NH4

+ + NH3
−-N)

(UNESCO 1983). Total hardness was evaluated by ti-
tration in accordance with Adad (1982) guidelines
(20.7 ± 0.07 mg CaCO3/L).

The experiments were approved by the Ethics Com-
mittee on Experimental Animals of the Federal Univer-
sity of Pará—UFPA (CEPAE—103/2015).

Experiment 1—evaluation of latencies to induction
and recovery

After the acclimation period, fish were submitted to
anaesthetic baths with six concentrations of CLO
(Moinho Central®, Belém-PA, Brazil): 60, 90, 120,
150, 180 and 210 μL L−1. A total of 60 fish/species
were used with 10 fish/concentration. Each fish was
considered a repetition, observed individually, and used
only once (n = 10).

Tests were conducted in 1.5-L fish tanks (1.0 L
useful volume), and due to the hydrophobic charac-
teristics of CLO, aliquots of the oil were pre-diluted in
ethanol prior to adding it to the water in the experi-
mental units (999 mL of water and 1 mL of ethanol-
CLO mix). In order to verify the innocuity of ethanol
to fish, six individuals from each species (two/tank)
were exposed to water added solely by ethanol
(999 mL of water and 1 mL of ethanol) and observed
for 30 min.

For the registration of the time required for anaesthe-
sia and recovery (latencies), a digital stopwatch was
used. Behaviour associated with anaesthesia was char-
acterized according to Keene et al. (1998) with modifi-
cations as follows: lack of response to external stimuli
(tapping on the side of the tank, followed by a slight
pressure on the tail peduncle using a glass rod) and
complete immobilization (hereby referred to as deep
anaesthesia). Fish were withdrawn from the induction
tanks when completely immobilized/deeply anaesthe-
tized, being individually measured and weighed in order
to simulate routine biometrics. Thereafter, fish were
transferred to a recovery tank filled with anaesthetic/
ethanol-free water, under similar conditions (tank di-
mension and water volume) to that of the beginning of
the experiment. Fish were considered recovered when
normal swimming behaviour was observed. The same

water from the acclimation tanks was used both for
induction and for recovery assessments, which was
maintained under constant aeration and presented the
same mean values for water parameters as aforemen-
tioned described. After recovery, specimens were placed
in six maintenance tanks/species, according to the an-
aesthetic treatment used in order to monitor mortalities
for 48 h. Water quality in these tanks was kept under the
same conditions of that described for the acclimation
tanks.

Experiment 2—electromyographic recordings (EMG)

Assembling of electrodes, implant, and acquisition
of EMG

For the design of appropriate equipment and recordings
of EMG in fish, the methodology of Barbas et al. (2017)
was used. Briefly, electrodes were built using two iden-
tical stainless-steel rods (one for reference and another
for registration of data) of 4.0 and 0.02mm in length and
diametre, respectively, which were coated with Teflon
(Micro probe SNC, MPI, Gaithersburg, MD 20879,
USA) and laterally conjugated (at a distance of
0.1 mm from each other) with a thin layer of epoxy
material. Electrodes were attached to the dorsal muscle
fibres (2.0 mm below the middle section of the dorsal
fin) for the recording of data. The distal part of the
electrodes was connected to a data acquisition system
(with a high-impedance amplifier, Grass Technologies,
P511) coupled to an oscilloscope (ProTek, 6510). The
whole experiment was performed in a Faraday cage.
Data were continuously monitored with a range of
1 kHz (National Instruments, Austin, TX), analysed
using LabVIEW Express software, and graphically
expressed showing differences in potential between the
two electrodes (reference and registration). Spectro-
grams were calculated using a Hamming window of
256 points (256/1000 s), and each frame was generated
with an overlap of 128 dots per window. For each frame,
the power spectral density (PSD) was calculated with
the Welch average periodogram method. Frequency
histograms were generated with the PSD of the signal
(with 1-Hz boxes).

Experimental design

After experiment 1 (1 week later), the remainder indi-
viduals from the acclimation tanks (three fish/tank) were
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used and assayed in three treatments as follows: (a)
sham control; (b) fish exposed to CLO and (c) fish in
recovery. Nine fish/species/treatment (n = 9) were used
for EMG analyses, with each individual being consid-
ered a replicate and used only once. Fish were individ-
ually netted from the tanks, held in one hand out of the
water and rapidly equipped with the electrode set. An-
imals were not anaesthetized prior to the attachment of
electrodes in order to prevent bias from an anticipated
anaesthetic effect prior to the commencement of the
recordings.

The timerequired for thehandlingandpositioningof
the equipment did not exceed 30 s for each individual,
afterwhichfishwereimmediatelyplacedintotheexper-
imentalchamber,insidea3-Lfishtank,previouslyfilled
with the same aerated water (dissolved oxygen
> 5.0 mg L−1) from the acclimation tank (2 L useful
volume) and added by CLO at 90 μL L−1 for cardinal
tetra and angelfish, and60μLL−1 for bandedcichlid, or
anaesthetic-free water, accordingly. These concentra-
tionswere used because theywere theminimal concen-
trations tested capable of inducing deep anaesthesia
within 3 min, i.e. fast and reversible anaesthesia (see
results in Table 1). During the anaesthetic induction,
recordings of the field potential in the dorsal muscle
and baseline profile in sham control were performed
during a time course of 5 min in all cases. EMG data
throughout recovery of fish in anaesthetic-free water
were also registered immediately after the anaesthetic
exposure. After recordings, fish were returned to their
tanksoforiginandwereobserved for up to48h to check
formortalities.

Statistical analyses

After assumptions of normality and homogeneity of
variances were satisfied (Kolmogorov-Smirnov and
Levene tests, respectively), i.e. residuals were normally
distributed and variances were equal, data of latencies to
induction or recovery were submitted to two-way
ANOVA, using species and concentration of CLO as
factors. Mean amplitude of tracings in the electromyo-
graphic recordings were submitted to one-way ANOVA
followed by Tukey test for pair-wise comparison of
means. Data of latencies were fitted to regression
models with measured times to deep anaesthesia or
recovery being the response variable and concentrations
of CLO as the predictor variable. Pearson correlation
between latencies to anaesthesia or recovery and the
concentrations of CLO was also performed (Zar 1996).
The minimum significance level was set at P < 0.05 in
all cases.

Results

No fish mortality was observed throughout the experi-
mental periods and after the 48-h observation periods.
All individuals reached deep anaesthesia irrespective of
concentration, and fish exposed to water added solely by
ethanol did not show any behavioural signs of anaesthe-
sia after a 30-min observation period.

At 60 μL L−1, cardinal tetra took longer (326 s) to
reach deep anaesthesia compared to higher concentra-
tions. On the other hand, no significant differences were

Table 1 Latencies to deep anaesthesia and recovery (seconds ± SD) in three Amazon fish species submitted to increasing concentrations of
clove oil (CLO)

CLO (μL L−1) Cardinal tetra (Paracheirodon. axelrodi) Banded cichlid (Heros severus) Angelfish (Pterophyllum scalare)

Induction Recovery Induction Recovery Induction Recovery

60 326 ± 155Ya 169 ± 80Ya 117 ± 31Ya 111 ± 31Ya 201 ± 99Ya 192 ± 84Yab

90 134 ± 58Zb 200 ± 26Ya 161 ± 58Ya 138 ± 53Yab 175 ± 111Yab 148 ± 41Ya

120 95 ± 35Yb 201 ± 62Ya 130 ± 23Ya 155 ± 46Yab 125 ± 34Yab 139 ± 63Ya

150 86 ± 27Yb 152 ± 77Za 110 ± 31Ya 115 ± 61Za 154 ± 54Yab 234 ± 62Yb

180 62 ± 19Zb 140 ± 57Ya 128 ± 29Ya 198 ± 54Yb 126 ± 54Yab 182 ± 53Yab

210 88 ± 35Yb 137 ± 75Ya 123 ± 33Ya 175 ± 43Yab 95 ± 43Yb 174 ± 50Yab

Means followed by different uppercase letters in rows (induction or recovery) or different lowercase letters in columns denote significant
differences after two-way ANOVA and Tukey test, P < 0.05, n = 10
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observed among latencies to anaesthesia from concen-
trations of 90 up to 210 μL L−1. Angelfish showed
significant differences in latencies to deep anaesthesia
only between the lowest and highest concentrations
used. CLO at 90 and 180 μL L−1 determined shorter
induction times (P< 0.05) in cardinal tetra relative to the
other species, whereas at the concentration of
150 μL L−1 angelfish took longer (P < 0.05) to recovery
compared to the other species (Table 1).

Significant negative correlations (r ≥ − 0.86,
P < 0.05, Fig. 1a, c) were observed between increasing
concentrations of CLO and time to anaesthesia for car-
dinal tetra and angelfish; however, this correlation was
not strong for banded cichlid (r = − 0.24, P < 0.05, Fig.
1b). Time to recovery ranged from approximately 2 to
4 min; however, no clear response patterns were ob-
served in latencies to recovery as a function of CLO
concentration, irrespective of species.

Regardless of species, electromyographic data showed
relatively high amplitude of tracings in dorsal muscle of
sham controls and spectrograms of frequency revealed
similar patterns in the distribution of energy intensity over
time, in frequencies of up to 50 Hz (Figs. 2a, 4a and 6a).
Although during the first 100 s of exposure, muscle con-
traction activitywas still visible through tracings (mainly in
angelfish) (Figs. 2b, 4b and 6b), generally, all species
subjected to anaesthesia with CLO decreased muscle con-
traction power throughout recordings, presenting signifi-
cantly reduced mean amplitudes (0.304 ± 0.069,
0.819 ± 0.156 and 0.458 ± 0.087 mV2/Hz × 10−3 for
cardinal tetra, banded cichlid and angelfish, respectively)
compared to their respective conspecific sham controls
(1.483 ± 0.381, 5.836 ± 0.972 and 4.953 ± 0.859 mV2/
Hz × 10−3) (Figs. 3a, 5a and 7a). Mean amplitude in
muscle contraction intensity of cardinal tetra
(1.483 ± 0.381 mV2/Hz × 10−3) was unchanged
(P > 0.05) compared to that of sham control
(1.830 ± 0.403 mV2/Hz × 10−3) within the first 50 s of
induction [(Induction (I)] (Fig. 3b), whereas amplitude of
tracings in banded cichlid (2.485 ± 0.531 mV2/Hz × 10−3)
and angelfish (2.724 ± 0.458 mV2/Hz × 10−3) during
Induction (I) showed similar response patterns, being sig-
nificantly reduced relative to their controls (5.837 ± 0.972
and 4.953 ± 0.859 mV2/Hz × 10−3 in banded cichlid and
angelfish, respectively) (Figs. 5b and 7b). Nonetheless,
irrespective of species, conspicuous losses in muscle tonus
were observed in the last 50 s of induction [(Induction (II)],
with significant flattening in amplitude of tracings (Figs.
3b, 5b and 7b). Amplifications of the basal tracings,

including records during Induction (I and II) and Recovery
(I and II), can be seen in Figs. 2, 4 and 6 (centre), demon-
strating specific patterns of tracings in non-anaesthetized
and anaesthetized fish, including individuals under recov-
ery. Muscle contraction responses were in line with the
distribution of energy observed in the spectrograms of the
three species during anaesthesia, in which energy intensi-
tieswere clearly reduced in the second half of the induction
period (Figs. 2b, 4b and 6b).

Progressive resumption of muscle contraction power
and energy were observed when fish were placed to
recover in CLO-free water (Figs. 2c, 4c and 6c).
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Fig. 1 Trends of latencies to deep anaesthesia over increasing
concentrations of clove oil in Amazon fish: cardinal tetra,
Paracheirodon axelrodi (a), banded cichlid, Heros severus (b)
and angelfish, Pterophyllum scalare (c)
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However, while resumption of muscle contraction pow-
er was in a clear and fast progress for banded cichlid
(1.925 ± 0.990 mV2/Hz × 10−3) and angelfish
(1.311 ± 0.137 mV2/Hz × 10−3) in relation to that of
individuals during induction (Figs. 5a and 7a), cardinal
tetra had a lingering anaesthetic effect, as its amplitude

of tracings (0.445 ± 0.149 mV2/Hz × 10−3) at the end of
the 300-s recordings in recovery was still unchanged
(P > 0.05) compared to that of fish under anaesthesia
(0.304 ± 0.069 mV2/Hz × 10−3) (Fig. 3a).

However, when taken separately, the final moments
of the anaesthetic baths [Induction (II)] and the last 50 s

Fig. 2 Electromyographic tracings (EMG) of the dorsal muscle in
cardinal tetra, Paracheirodon axelrodi, submitted to anaesthesia.
Recordings in sham control (a), fish exposed to 90μL L−1 of clove
oil (b) and fish in recovery after anaesthesia (c). EMG over the

course of 300 s (left), amplification of fragments in EMG record-
ing (centre) and spectrograms of frequencies (right). Amplification
of fragments in EMG tracings during anaesthesia or recovery
corresponds to standardized intervals of 1 to 50 s and 250 to 300 s

Fish Physiol Biochem



in CLO-free water [Recovery (II)], evident and signifi-
cant discrepancies (P < 0.05) between these amplitudes
were observed, irrespective of species, demonstrating a
clear loss of muscle tonus vs. a progressive resumption
of muscle contraction power after CLO anaesthesia
(Figs. 3b, 5b and 7b).

Discussion

The behaviour of fish in this study over the course of
anaesthesia induction resembled that of juvenile tilapia
and tambaqui submitted to anaesthesia, in which lower-
ing of swimming activity, loss of equilibrium and de-
creased response to external stimuli, followed by com-
plete immobilization, were observed (Vidal et al. 2008;
Barbas et al. 2016a, b, 2017). During induction, all fish
showed some hyperactivity, which is frequently report-
ed for initial stages of anaesthesia due to the slightly
irritant properties of most anaesthetics to gill tissue
(Ross and Ross 2008; Readman et al. 2013). The same
agitated behaviour has been reported for juvenile
tambaqui, Colossoma macropomum, during initial
stages of anaesthesia using plant extractives (Barbas
et al. 2016a, b, 2017).

Fish subjected to anaesthetic baths should undergo
a fast induction, i.e. < 3 min, as a means to safeguard a
smooth transition to recovery, which is expected not to
exceed 5 min (Marking and Meyer 1985; Ross and
Ross 2008). A rapid induction is likely to allow for

ease of recovery, even at the expense of higher anaes-
thetic concentrations. A delayed recovery may be a
function of increased length of exposure or the phys-
ical properties of the anaesthetic. CLO and eugenol
have the physical properties whereby they coat ana-
tomic structures, persisting on gill epithelia, and con-
sequently, there is a prolonged exposure to the prod-
ucts and the potential for sustained anaesthetic effects
(Sladky et al. 2001).

The concentration of 60 μL L−1 was suitable to
induce fast anaesthesia, i.e., < 3 min in banded cichlid;
however, only concentrations of 90 μL L−1 and above
were capable of inducing appropriate fast anaesthesia
for the other species. Concentrations of eugenol at 50
and 62.5 mg L−1 determined shorter induction times
(138.8 and 138.9 s, respectively) to anaesthesia in juve-
nile matrinxã, Brycon cephalus (Vidal et al. 2007),
compared to the induction times of fish submitted to
60 μL L−1 CLO used herein, except for banded cichlid,
which had a similar response. While eugenol at
50 mg L−1 determined adequate rapid induction (in
111 s) to deep anaesthesia and a lack of harm to juvenile
silver catfish, Rhamdia quelen, concentrations of at 60
and 70 mg L−1 determined mortality rates of 20 and
65%, respectively (Cunha et al. 2010).

In other studies, eugenol at 40 and 65mgL−1 induced
deep anaesthesia of silver catfish (Gomes et al. 2011)
and tambaqui juveniles (Roubach et al. 2005), respec-
tively; however, in the former case, anaesthesia and
recovery occurred in 275 and 212 s, respectively,

Fig. 3 Electromyographic recordings (mean amplitude ± SD)
(EMG) in the dorsal muscle of cardinal tetra, Paracheirodon
axelrodi, exposed to 90 μL L−1 of clove oil and during recovery
in anaesthetic-free water. All recordings were performed for 300 s,
including sham control. Mean amplitudes are presented for the

whole induction period of induction and recovery (a) and the
initial and last 50 s of induction and recovery: I (from 1 up to
50 s) and II (from 250 up to 300 s) (b). Different letters in columns
indicate significant differences after ANOVA and Tukey test
(P < 0.05), n = 9
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thereby exceeding the maximum recommended time
(< 3 min) in the case of induction, whereas in the latter,
induction time was adequate and recovery occurred in
6.82 s, thus surpassing an appropriate maximum time
threshold (< 5 min) for resumption of normal swimming
(Marking and Meyer 1985; Ross and Ross 2008).

Time to anaesthesia is also dependent upon animal
size and generally, the smaller the fish the faster it is for
the onset of deep anaesthesia at a given concentration
(Sneddon 2012). This pattern was somewhat supported
by our results when cardinal tetra, which were smaller
individuals, submitted to concentrations at 90 and

Fig. 4 Electromyographic tracings (EMG) of the dorsal muscle in
banded cichlid, Heros severus, submitted to anaesthesia. Record-
ings in sham control (a), fish exposed to 60 μL L−1 of clove oil (b)
and fish in recovery after anaesthesia (c). EMG over the course of

300 s (left), amplification of fragments in EMG recording (centre)
and spectrograms of frequencies (right). Amplification of frag-
ments in EMG tracings during anaesthesia or recovery corre-
sponds to standardized intervals of 1 to 50 s and 250 to 300 s
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180 μL L−1 had a faster anaesthesia induction compared
to the other species. However, Tarkhani et al. 2017
reported that the minimal eugenol concentration to in-
duce anaesthesia in various size classes of angelfish in
less than 3 min was 1.25 mg L−1.

Induction times to deep anaesthesia using CLO in
tilapia and essential oil of citronella, Cymbopogon
nardus, in tambaqui were negatively correlated with con-
centration, and latencies to anaesthesia were higher when
lower concentrations were used, tending towards a stable
response when specimens were exposed to higher con-
centrations (Vidal et al. 2008; Barbas et al. 2017), which
are in line with the results observed for cardinal tetra and
angelfish in this study. Moreover, our results corroborate
the findings of Vidal et al. (2007), in which no clear
recovery response pattern over increasing concentrations
of CLO occurred in juvenile matrinxã, B. cephalus. It
seems that the relationship between recovery and increas-
ing anaesthetic concentrations in most cases is not clear in
fish and irregular responses are frequently reported dur-
ing recovery from anaesthesia. As concentrations are
increased, an oscillatory pattern is usually attained, partly
because of individual variations or because efficient clear-
ance from the blood and other tissues is disrupted when
higher concentrations are administered.

Distinct and time-related muscle contraction activity
was electromyographically quantified in the three spe-
cies during CLO baths and throughout recovery. This
method of evaluation provided a much clearer insight
into the modulation of muscle contraction power in the

CLO-anaesthetized fish. Therefore, prior to ascribing
putative muscle relaxant properties to the different
anaesthetic-like agents used for fish, electromyography,
mechanomyography, acceleromyography, acoustic
myography or phonomyography should be used as these
are more objective methods of monitoring (Hemmerling
and Donati 2003).

Although the EMG telemetry tool has been applied to
verify the correlation between swimming behaviour
(video recordings) and the level of muscle activity in
rainbow trout, Oncorhynchus mykiss submitted to the
stress of transport (Chandroo et al. 2000) or fasting
regimens and crowding stress associated with specific
swimming patterns in fish (McFarlane et al. 2004), the
only study to assess muscle relaxation through EMG
analyses in fish exposed to short-term baths using a
plant extractive was reported by Barbas et al. (2017),
in which essential oil of citronella at 600 μL L−1 was
capable to induce a significant depression of the dorsal
muscle contraction power in juvenile tambaqui. There-
fore, there is still a wide gap in knowledge regarding the
objective quantification of the extent to which muscle
contraction power is modulated by the different anaes-
thetics commonly used in fish, mainly in the case of
plant-derived compounds. This is of great concern, be-
cause in those circumstances where invasive procedures
are to be undertaken, as in the case of surgeries, and
without sidelining the necessity of a given anaesthetic
product to provide central neuronal depression, neuro-
muscular blockade will be essential to decrease the

Fig. 5 Electromyographic recordings (mean amplitude ± SD)
(EMG) in the dorsal muscle of banded cichlid, Heros severus,
exposed to 60 μL L−1 of clove oil and during recovery in anaes-
thetic-free water. All recordings were performed for 300 s, includ-
ing sham control. Mean amplitudes are presented for the whole

induction period of induction and recovery (a) and the initial and
last 50 s of induction and recovery: I (from 1 up to 50 s) and II
(from 250 up to 300 s) (b). Different letters in columns indicate
significant differences after ANOVA and Tukey test (P < 0.05),
n = 9
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movements, and thus improve operating conditions for
the surgeon and the fish.

Conspicuous losses in the dorsal muscle contraction
power were observed during CLO anaesthesia, irrespec-
tive of species, and resumption of muscle contraction
capacity was gradual and continuous, mainly in the case

of banded cichlid and angelfish within the 5 min of
recordings in recovery. The distributions of energy over
time and frequency in the spectrograms corroborate in a
very consistent manner oscillations in amplitudes of the
differences in potential observed during EMG record-
ings throughout induction or recovery from anaesthesia.

Fig. 6 Electromyographic tracings (EMG) of the dorsal muscle of
angelfish,Pterophyllum scalare, submitted to anaesthesia. Record-
ings in sham control (a), fish exposed to 90μL L−1 of clove oil (b),
and fish in recovery after anaesthesia (c). EMG over the course of

300 s (left), amplification of fragments in EMG recording (centre)
and spectrograms of frequencies (right). Amplification of frag-
ments in EMG tracings during anaesthesia or recovery corre-
sponds to standardized intervals of 1 to 50 s and 250 to 300 s
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During the 5-min exposure to CLO, contraction power
of dorsal muscle decreased in approximately 21.5, 14
and 8.1% for cardinal tetra, banded cichlid and angel-
fish, respectively, which indicate unequivocal losses in
muscle tonus during deep anaesthesia, albeit it was
preceded by a more persistent pre-relaxation period in
the case of cardinal tetra.

One should bear in mind that general anaesthesia is
only attained when the central nervous system is depressed
and therefore complete immobilization with unconscious-
ness takes place (Summerfelt and Smith 1990). EMG
analyses do not provide insight into the capacity of CLO
to promote neuronal depression. Electroencephalographic
(EEG) recordings are of paramount importance to address
this issue, because differences in potential in the brain
could be registered and thus the extent of neuronal depres-
sion could be physically quantified in CLO-anaesthetized
fish. Moreover, EEG should always be accompanied by
electrocardiographic and respiratory frequency analyses, in
order to evaluate the impacts of an anaesthetic on the
cardiac and ventilatory pacemaker tissues. Although some
light has been shed on the mechanisms involved in the
CLO-induced relaxation of smooth muscles (Damiani
et al. 2003; Lahlou et al. 2004; Trailovic et al. 2009;
Javahery et al. 2012), mechanisms of action regarding
the putative general anaesthesia and loss of skeletal muscle
tonus provoked by clove derivatives are not clear in fish.
These are all subjects for future investigations for they
evoke major concerns in terms of welfare, pain suppres-
sion and margin of safety. The scarce information on the

electrophysiological responses of fish submitted to anaes-
thesia and the very limited number of studies regarding the
use of EMG to evaluate skeletal muscle relaxation in
anaesthetized fish make it difficult for further discussions
of our results. Nevertheless, the absence of mortality in our
study indicates that CLO anaesthesia is compatible with
life of these Amazon species at the concentrations tested
and experimental conditions used herein.

In conclusion, all concentrations of clove oil were
effective to promote an anaesthetic-like effect in the
three species of Amazon fish in this study. Adequate
fast induction (< 3 min) and uneventful recovery
(< 5 min) were achieved in fish anaesthetized with
90 μL L−1 and above, irrespective of species. The con-
centration of 60 μL L−1 sufficed an effective and fast
anaesthesia in the case of banded cichlid. Furthermore,
clove oil exerted a conspicuous depression of muscle
contraction power, and therefore can be used as amuscle
relaxant agent for P. scalare, P. axelrodi and H. severus
and, potentially, for other fish species.
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Fig. 7 Electromyographic recordings (mean amplitude ± SD)
(EMG) in the dorsal muscle of angelfish, Pterophyllum scalare,
exposed to 90 μL L−1 of clove oil and during recovery in anaes-
thetic-free water. All recordings were performed for 300 s, includ-
ing sham control. Mean amplitudes are presented for the whole

induction period of induction and recovery (a) and the initial and
last 50 s of induction and recovery: I (from 1 up to 50 s) and II
(from 250 up to 300 s) (b). Different letters in columns indicate
significant differences after ANOVA and Tukey test (P < 0.05),
n = 9
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