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Abstract

The effectiveness of menthol as anesthetic and sedative for fat snook (Centropomus parallelus) was tested at different
salinities. In the first experiment, the fish were exposed to different concentrations of menthol (25, 37 and 50 mg L")
in water at different salinities (0, 17 and 36 ppt). In the second experiment, the fish were transported for 10 hours in
water with menthol at concentrations of 0, 3.7 and 7.4 mg L™ under different salinities. Na” and K™ ions from fish body
and water were analyzed after transport. The optimal concentrations of menthol for a short handling period and surgical
induction was 37 and 50 mg L', respectively, and these values were independent of salinity. After transport, neither
mortality nor significant changes in ammonia or dissolved oxygen were observed between treatments at the different
salinities. The nitrite levels were lower in freshwater than in brackish and saltwater, but did not change with mentol.
The total body levels of Na* increased with the salinity increase. Menthol is an effective anesthetic for handling of
juvenile fat snook at different salinities. Menthol did not influence the measured water parameters and body ions, and
it is not necessary for the transport of fat snook.
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Salinidade nao altera a eficacia de mentol como um anestésico e sedativo
durante a manipulacio e transporte de juvenis de
robalo peva (Centropomus parallelus)

Resumo

A eficacia de mentol como anestésico e sedativo para o robalo peva (Centropomus parallelus) foi testada em
diferentes salinidades. No primeiro experimento, os peixes foram expostos a diferentes concentragdes de mentol
(25, 37 e 50 mg L) em diferentes salinidades na agua (0, 17 e 36 ppt). No segundo experimento, os peixes foram
transportados por 10 horas em agua com mentol nas concentragdes de 0, 3,7 e 7,4 mg L' sob diferentes salinidades.
O Na' e K" do corpo do peixe e a agua foram analisados apds o transporte. As concentragdes ideais de mentol para um
periodo curto de manipulagdo e indugdo cirtrgica foi 37 e 50 mg/L, respectivamente, sendo esses valores independentes
da salinidade da dgua. Apos o transporte, ndo foi verificado mortalidades e nem alteragdes significativas nos niveis
da amonia e oxigénio dissolvido entre os tratamentos para as diferentes salinidades. Os niveis de nitrito foram mais
baixos em agua doce do que em agua salobra e dgua salgada, mas ndo se alterou com o mentol. Os niveis corporais de
Na* e K" aumentaram com o aumento da salinidade. Mentol ¢ um eficaz anestésico para manipulag@o de robalo peva
juvenil em diferentes salinidades. Mentol ndo influenciou os pardmetros de medigdo de agua e ions do corpo, e ndo ¢
necessario para o transporte de robalo peva.

Palavras-chaves: anestesia, estresse, peixes, ions corporais, sedagao.

1. Introduction

The fat snook, Centropomus parallelus Poey, 1860is  has high market value because of the quality of its meat
widely distributed along the central South Atlantic coast  (Tsuzuki et al., 2007; Cerqueira, 2010).
and exhibits significant potential for aquaculture because Among the most common practices in fish farming,
it adapts well to captivity and is resistant to cage and pond ~ which include biometrics, transportation, extrusion
rearing systems and variations in water salinity. It also  of gametes and marking, anesthetization of fish is
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an important approach for facilitating manipulation
and for reducing stress and injuries in fish (Ross and
Ross, 1999). Anesthetization therefore ensures that the
fish are handled correctly (Inoue et al., 2003, 2005;
Small, 2003).

Natural oils are becoming increasingly used as
anesthetics due to their low toxicity and risks to operators
(Faganha and Gomes, 2005; Tondolo et al., 2013). In this
context, menthol has been used as an anesthetic for marine
invertebrates and fish (Ross and Ross, 1999; Simdes
and Gomes, 2009). Similar to other natural oil-derived
anesthetics (Small, 2003; Simdes et al., 2011; Souza et al.,
2012), menthol has several features and qualities that
make it suitable for use as a fish anesthetic (Faganha
and Gomes, 2005).

Many teleosts living in estuaries are classified as
euryhaline organisms, which can easily adapt to salt, fresh
or brackish water (Carneiro et al., 2007). When fish are
moved from salt to freshwater, physiological adaptations
occur in two stages. The first step is called the “adaptive”
stage, in which plasma osmolarity is reduced due to the loss
of inorganic ions and the gain of osmotic water. During the
second “regulatory” stage, the osmolarity and plasma ion
concentrations increase to normal levels and are regulated
and maintained within the limits of homeostasis (Prodocimo
and Freire, 2006). These physiological adaptations are
related to the absorption and secretion of salts and water
that help maintain the body tissues (Prodocimo and Freire,
2006; Carneiro et al., 2007). Anesthetics can exhibit altered
efficiencies during the adaptive stage depending on the
environment of the fish; therefore, it is necessary to develop
strategies for the use of anesthetics during the handling
and transport of fish that have been reared in different
salinities. Thus, the aim of this study was to evaluate the
effectiveness of menthol as an anesthetic and sedative
over a range of different salinities during the handling
and transport of fat snook.

2. Material and Methods

2.1. Acquisition of animals and acclimation

Juvenile fat snook (n=450— 90 for the first experiment and
360 for the second experiment, 1.6+ 0.4 gand 4.8 + 0.4 cm;
mean+SD) were obtained from the Pandini Mariculture
(Sao Mateus, ES, Brazil) and subsequently transported
to laboratory. Seventy-five fish were added to six 45-L
aquariums, each one containing 30 L seawater (salinity,
36 ppt) and acclimated for 1 week. After this period, the
salinity of each aquarium was adjusted to 0, 17 or 36 ppt
(two aquariums per salinity level). To achieve a salinity of
17 ppt, seawater was mixed with chlorine-free freshwater
(considered to be brackish water), and to achieve a salinity
of 0 ppt, only chlorine-free freshwater (considered to be
freshwater) from the municipal water supply system was
used. The salinity level of the brackish and freshwater
aquarium was gradually attained by replacing one-seventh
of a tank volume of seawater with freshwater daily until
the desired salinity level was achieved (Tsuzuki et al.,
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2007). The fish were maintained at the respective salinity
level for 14 days prior to testing. Siphoning was performed
on each aquarium every two days, and the water was
completely exchanged once per week.

Before the experiment, the water quality in each tank
was measured three times per week to monitor conductivity,
salinity, temperature and dissolved oxygen, with a digital
multiparameter meter (YSI professional PRO, YSI Inc.,
Yellow Spring, Ohio, USA). The water quality parameters
measured during the period of acclimatization were as follows:
freshwater conductivity: 1.51 + 0.23 mS cm’, salinity:
0.25 £ 0.20 ppt, temperature: 23.82 + 0.38 °C, dissolved
oxygen: 7.58 +0.12 mg L'; brackish water conductivity:
29.63+0.63 mS cm™, salinity: 17.72 + 1.21 ppt, temperature:
23.9 + 0. 29 °C, dissolved oxygen: 7.04 + 0.61 mg L!;
and seawater conductivity: 53.87 + 1.11 mS ecm™, salinity:
36.17 + 0.42 ppt, temperature: 24.05 + 0.40 °C, and
dissolved oxygen: 5.59 £ 0.17 mg L.

2.2. Experiment 1 — anesthesia

In the first experiment, the optimal concentration
of menthol (i.e., the lowest concentration that induced
the desired stage of anesthesia) for handling was set for
each salinity level. The tests were performed in static 4-L
aquariums, each of which contained 3 L of water. A 10-L
plastic tank containing 8 L of water with constant aeration
was used for fish recovery.

Menthol crystals (Via Farma, SP) were dissolved in
99.8% ethanol to produce a 100 mg L' stock solution.
At each salinity level, three different concentrations of
menthol (25, 37 and 50 mg L") were tested to assess the
time to anesthesia induced by each anesthetic concentration.
Ten fish were individually exposed to anesthetic to each
one of the 9 treatments (3 salinity versus 3 anesthetic
concentration; n = 90 fish), to obtain measurements of the
induction time for each stage of anesthesia. After 10 minutes
of exposure to the anesthetic (Gomes et al., 2001), the
fish were transferred to the recovery tank for monitoring.
The stages of anesthesia evaluated were the total loss
of equilibrium (brief handling) and minimal opercular
movement (surgical anesthesia) (Stoskopf, 1993). The fish
were considered recovered when they achieved equilibrium
and began swimming actively.

Additionally, a control experiment with freshwater
adapted fish (n = 10) was performed using aquaria that
contained only ethanol at concentration of 0.5 mL L,
which is equivalent to the dilution used for the greatest
tested menthol concentration (50 mg L ). All experimental
procedures for this test were similar to the one used with
the anesthetic.

The results from each stage of anesthesia were
subjected to two-way ANOVA (salinity and menthol
concentration) and Tukey’s test (P < 0.05). For cases
in which the results from two or more anesthetic
concentrations were similar in both time-to-anesthesia
and recovery time, the lower concentration was selected
as the optimal concentration, as lower concentrations
are less costly for end users.
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2.3. Experiment 2 — transport

In the second experiment, the fish (n =360; 120 from
each salinity) were transported in plastic bags with a capacity
of 2 L. The bags contained 1 L of water, were inflated
with oxygen and then added to a styrofoam box. The fish
(n=10 per bag) were subjected to different salinity levels
(0, 17 and 36 ppt) and 10 hours of transport by driving in
apavement road. The treatments were as follows: control
(no anesthetic), positive control (containing an amount of
ethanol equivalent to the highest concentration used to
dilute the tested anesthetic) and 3.7 or 7.4 mg L' menthol
(10 and 20% of the optimum concentration obtained in the
first experiment). The experiments were performed with
3 bags (replicate) for each combination of treatment and
salinity, totaling 36 bags. The water temperature before
transport was 26.7 = 1.5°C.

At the end of the experimental transport period, the bags
were opened, and the dissolved oxygen and temperature of
the water were immediately measured using a multiparameter
meter (YSI professional PRO, YSI Inc., Yellow Spring,
Ohio, USA). A water sample was collected from each
bag for total ammonia and nitrite testing according to the
APHA (1998) guidelines. To determine the body levels
of Na" and K', 3 fish were separated from each bag,
placed individually into 15-mL tubes and then sacrificed
by cooling on ice. The samples were weighed, measured,
individually immersed in hydrochloric acid and allowed
to dissolve in an oven at 80°C for 24 hours, according to
the criterion for fish previously detailed by Gomes et al.
(1999). Readings were obtained using a flame photometer.

After transportation, the anesthesia stage was observed
in fish. The remaining fish from all bags of each treatment
was added to a single 30L aquarium (9 aquariums, one for
each treatment) at the same salinity and temperature of the
transportation water to monitor the mortality rate for 96h.

The water quality and body ion results were compared
by two-way ANOVA (salinity and treatment) and Tukey’s
tests (P < 0.05).

3. Results

3.1. Experiment 1 — anesthesia

No mortality was observed during the test period and
fish from all concentrations and salinity did not show any
anesthetic stage. Ethanol alone did not induce fish to any
tested anesthetic stage. At a menthol concentration of
25 mg L' in freshwater, 10% fish did not exhibit a total
loss of equilibrium, and 20% fish did not exhibit minimal
opercular movements. In brackish water with the same
menthol concentration, 10% fish did not exhibit a total
loss of equilibrium, and 50% fish did not exhibit minimal
opercular movement; however, in seawater, 50% fish
did not exhibit minimal opercular movement. A menthol
concentration of 50 mg L' induced anesthesia in fish of
all stages, whereas a concentration of 37 mg L' induced
anesthesia in all. The exception was 10% of fish which
did not exhibit minimal opercular movements in brackish
and in a saltwater (see Table 1).

The fish anesthetized with 50 mg L' reached the stage
of complete loss of equilibrium and minimal opercular
movements in significantly less time than did the fish
exposed to 25 mg L' of anesthetic at all salinity levels.
Atall menthol concentrations, there was no difference in the
time required to reach the total loss of equilibrium among
the salinities. However, minimal opercular movement was
achieved more rapidly in fish exposed to 25 mg L' menthol
in freshwater compared with fish exposed to 25 mg L'
menthol in brackish water and saltwater. The recovery
time was lower in fish exposed to 50 mg L~' menthol in

Table 1. Time (in seconds) to the induction of different stages of anesthesia in the fat snook (Centropomus parallelus) upon
exposure to different concentrations of menthol (mg L™') for 10 minutes. Capital letters in each line indicate significant
differences among salinities at the same anesthetic concentration (P < 0.05). Lowercase letters indicate significant differences
in different anesthetic concentrations at a given salinity (P < 0.05), as indicated by two-way ANOVA and Tukey’s test
(P <0.05). The results shown are the mean values + standard deviation.

BEHAVIORAL EVENTS (SECONDS)

Minimal opercular

Menthol (mg L) Total loss of equilibrium movement Recovery
Freshwater
25 402 + 197241 271 + 44082 147 £ 424
37 138 +£ 694 331 +£ 133 161 + 7004
50 96 + 244 195 + 30 216 + 87%8
Brackish water
25 402 + 119! 558 &+ 6243 146 +28*
37 182 £ 104 365 & 72041 184 £ 38%4
50 113 £93b 245 £ 130 205 + 5008
Saltwater
25 359+ 131 495 £ 303 181 + 68*
37 216 + 154 332 4 7504 175 £ 502
50 119 £ 51 227 £73¢A 264 + 69

! One fish did not reach this stage. > Two fish did not reach this stage. * Five fish did not reach this stage.
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brackish water than it was in fish exposed to 50 mg L'
menthol in saltwater (see Table 1).

3.2. Experiment 2 — transport

There was no mortality after transportation and during
the 96h recovery period. The mean water temperature
after transportation was 26.07 £ 1.27 with no significant
difference among treatments. The ammonia concentrations
of the water did not differ significantly regardless of salinity
or treatment, with the exception of ethanol treatment in
brackish water that presented a significative decrease in the
ammonia levels. In freshwater, the ammonia concentration
ranged between 3.82 and 5.19 mg L', whereas the levels
in brackish water ranged between 3.33 and 5.98 mg L.
In saltwater, the levels ranged between 3.81 and 4.66 mg L™!
(see Figure 1).
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Figure 1. Total ammonia (mg L), nitrite (mg L) and
dissolved oxygen (mg L') concentrations during the
transport of fat snook at different salinities with different
concentrations of menthol in the water. Capital letters
indicate significant differences among salinities with the
same treatment (P < 0.05). Lowercase letters indicate
significant differences at a given salinity among the different
treatment (P < 0.05), as indicated by two-way ANOVA and
Tukey’s test (P < 0.05).
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The nitrite levels increased with increasing salinity;
however, there was no difference among the treatments.
In freshwater, the nitrite concentrations ranged between
0.02 and 0.002 mg L', whereas in seawater and brackish water
(which did not differ significantly among themselves), the
nitrite concentrations ranged between 0.036 and 0.26 mg L™
(see Figure 1).

The dissolved oxygen concentrations within the transport
bags exhibited no significant changes, regardless of the salinity
level or treatment. In freshwater, the oxygen concentrations
ranged between 14.21 and 16.55 mg L', whereas the range
in brackish water was between 12.05 and 16.71 mg L' and
the range in saltwater was between 10.28 and 13.73 mg L™!
(see Figure 1).

The total body sodium concentrations did not
differ significantly among the treatments; however,
they increased as salinity increased within a given
treatment. Specifically, the total body sodium values
remained between 34.96 and 49.45 mEq Na" kg in
the freshwater samples, whereas they ranged between
55.76 and 66.33 mEq Na* kg in the brackish water samples.
In the saltwater samples, the total body sodium levels ranged
between 71.42 and 88.86 mEq Na* kg'. The total body
potassium levels exhibited no significant changes among
treatments or salinity levels, maintaining an average value
of 106.3 mEq K" kg in freshwater, 110.47 mEq K" kg™
in brackish water and 113.61 mEq K* kg™ in seawater
(see Figure 2).

mFreshwater W Brackish water W Saltwater

mEq Na* Kg'!

mEq K* kg'!

Control

Ethanol 3.7 7.4

Treatment (mg L)

Figure 2. Total body sodium (mEq Na* kg™') and potassium
(mEq K* kg!) concentrations during the transport of fat
snook at different salinities with different concentrations
of menthol in the water. Capital letters indicate significant
differences among salinities with the same treatment
(P <0.05). Lowercase letters indicate significant differences
at a given salinity under different treatments (P < 0.05) as
indicated by two-way ANOVA and Tukey’s test (P < 0.05).
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4. Discussion

4.1. Experiment 1 — anesthesia

When exposed to menthol concentrations above 37 mg
L', regardless of salinity, juvenile fat snook exhibit all
of the stages of anesthesia described by Stoskopf (1993).
The optimal anesthetic concentration of menthol for inducing
surgical anesthesia in the juvenile fat snook was found to be
50 mg L', whereas that for brief handling was 37 mg L—";
these concentrations were found to be optimal regardless
of salinity. Souza et al. (2012) reported different results
using 30-g fat snook anesthetized with menthol and reported
150 mg L' to be the optimal concentration for anesthesia
intended for brief management and biometrics. Simdes
and Gomes (2009) used 14-g Nile tilapia (Oreochromis
niloticus) and reported 250 and 150-200 mg L' to be the
optimal concentrations of menthol for surgical induction
and brief handling, respectively. Facanha and Gomes (2005)
reported the following optimal menthol concentrations for
anesthetizing 23-g tambaqui (Colossoma macropomum):
150 mg L' for surgical induction and 100 mg L' for
sedation for biometrics. Although several factors such as
the water temperature, species, size and amount of fat can
affect the extent of fish anesthesia (Ross and Ross, 1999),
the significantly lower optimal menthol concentrations for
the juvenile fat snook are predominantly attributed to its
relatively smaller size. Small fish generally require a lower
concentration of anesthetic than do larger fish to achieve
the same stage of anesthesia. This trend was previously
demonstrated in tambaqui that were anesthetized with
eugenol (Roubach et al., 2005).

The last stage of complete induction of anesthesia was
achieved significantly faster at a menthol concentration of
50 mg L' in seawater and brackish water. A different trend
was observed for freshwater, where a relationship between
concentration and time of induction was not clearly established
due to the high variability in the results at a concentration
of 37 mg L. Nonetheless, the induction times of different
stages of anesthesia were similar for all of the salinities at
a menthol concentration of 50 mg L™'. These results are
contrary to findings described by Ghazilou et al. (2010),
who reported that during the clove oil-induced anesthesia
of Caspian salmon (Salmo trutta caspius), the induction
times increased at higher water salinities, suggesting that
the increased times were attributed to the “salting out”
phenomenon. As an estuarine fish, the fat snook is well
adapted to salinity changes. Additionally, in this study,
the fish were previously acclimated at different salinities.
Therefore, the main reason underlying the similar results
obtained in terms of induction times among salinities was the
regulatory capacity of the species under isosmotic conditions
after an acclimation period at a specific salinity level.

4.2. Experiment 2 — transport

Ammonia is the predominant excretory product of
fish. It is synthesized predominantly within the liver
and is carried by the bloodstream to the gills, where it is
excreted into the water (Ismifio-Orbe et al., 2003). When it

Braz. J. Biol., 2016, vol. 76, no. 3, pp. 757-763

is present in large quantities in the environment, ammonia
can elicit adverse effects in fish, including degeneration
of the skin, damage to the gills and kidneys and even
retardation of fish growth (Soderberg, 1994). Because
anesthetics decrease the metabolic activity of fish, it is
believed that their addition to the water can reduce the
rate of ammonia excretion, thereby improving the water
quality (Oliveira et al., 2009). However, in this study, no
significant differences in ammonia concentration were
found between the different treatments at each salinity
level. A study conducted by Inoue et al. (2005) reported
that the addition of clove oil (5 mg L) during the transport
of matrinxa (Brycon amazonicus) did not elicit significant
effects on ammonia concentrations, despite its efficacy
at reducing the stress response of fish during transport.

According Sampaio et al. (2002), salinity elicits a direct
effect on water quality. Saltwater has more dissolved ions
than freshwater, and these ions facilitate the oxidation of
organic compounds, such as ammonia and the ammonium
ion. This process results in higher nitrite levels in saltwater
compared with freshwater.

The differential toxicity of nitrite in different species
depends on its rates of accumulation. However, particular
features of the water might also influence toxicity
(Sampaio et al., 2002). Russo et al. (1981) observed that
although seawater has increased nitrite levels, nitrite
toxicity to fish in seawater is decreased. Fish secrete
mucus on the parts of their bodies that come in contact
with salt, thus providing a greater physical barrier against
increased nitrite concentrations. Similar results were also
described by Sampaio et al. (2002) in experiments using
Mugil platanus.

In this study, the dissolved oxygen concentrations were
similar among all of the treatments. This finding can likely
be attributed to the fact that the bags were inflated and
pressurized with oxygen before shipping, thus rendering
the oxygen concentrations consistently high or even near
saturation at different salinities.

The concentrations of body sodium and potassium
found in this study were similar to those previously reported
by Gomes et al. (1999), who assessed the effects of salt
in the water used for transporting silver catfish (Rhamdia
quelen). The total body sodium concentrations in the
fish increased according to the increase in water salinity,
although the potassium levels did not differ significantly
among the salinities. The main explanation for this result
is the long time previous acclimation of the fish to the
same salinity of their transportation, which lead the fish
to regulate their salts contents according to the medium.

When stress disturbs the ability of a fish to osmoregulate,
the ionic composition of'its blood begins to resemble that
of the surrounding medium. Transportation-induced stress
increases gill permeability to water and leads to changes
in plasma electrolytes in hyperosmotic and hypoosmotic
environments (Carneiro et al., 2007). Carneiro and Urbinati
(2001) found a significant decrease in blood sodium levels
with increase of benzocaine concentration after matrinxa
transport in freshwater and attribute the fish mortality to the
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loss this ion. In the present study, no significant differences
in the total body ions of the fish were observed among the
groups transported at different menthol concentrations.
Therefore, the tested menthol concentrations did not cause
an osmorregulatory disturbance in juvenile fat snook.
Menthol is a suitable anesthetic for juvenile fat snook
(around 1.5g) when it is applied at concentrations of
37 or 50 mg L' for short-term handling or deep anesthesia,
respectively, regardless of salinity. Conversely, menthol
does not influence the measured water parameters and body
ions, and it is not necessary for the transport of fat snook.
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