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Abstract

The objective of this study was to investigate the effects of benzocaine and menthol on
the anesthesia of Aulonocara nyassae juveniles. Two size classes of fish were used in
trials with benzocaine: Juveniles [—70 fish of 0.74+0.31 g (39.41 +7.48 mm); and
Juveniles II—70 fish of 3.80+0.92 g (76.58 £9.83 mm). The fish used for trials with
menthol were as follows: Juveniles 70 fish of 1.01+0.39 g (50.39+ 12.75 mm) and
Juveniles II—70 fish of 3.73 +£0.78 g (64.94 £ 8.98 mm). Seven concentrations—0, 12.5,
25.0, 50.0, 75.0, 100.0, and 125.0 mg L~'—of each anesthetic (benzocaine and menthol)
were tested on each size class of fish (=10 fish per size class and anesthetic concen-
tration). Thus, anesthesia induction time and recovery were evaluated. Concentrations of
12.5 and 25 mg L' of benzocaine did not lead to a deep stage of anesthesia in the
animals; however, the other concentrations presented anesthetic effect. For menthol, the
concentration of 12.5 mg L™! also did not anesthetize the fish. However, the other doses
were effective and safe. The recommended anesthetic concentrations provided induction
and recovery times within the limits considered ideal for fish. Concentrations between 75
and 125 mg L™ of benzocaine for Juvenile I and 50 to 125 mg L™! for Juvenile II are
recommended. For menthol, concentrations between 50 and 125 mg L™! can be used for
both size classes of A. nyassae.
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Introduction

Handling and transport are stressful procedures involved in the management and trading of oma-
mental fish (Pickering 1981; Barton 2002; Romaneli et al. 2018; Oliveira et al. 2019). Exposure to
stressors triggers physiological changes that may compromise fish health and survival (Wendelaar
Bonga 1997). Blood glucose and cortisol concentrations are often employed as stress indicators
(Morgan and Iwama 1997; Barton 2002) and observations of ventilation frequency can provide
indications of changes in metabolic rate following exposure to a stressor (Summerfelt and Smith
1990; Alvarenga and Volpato 1995; Toni et al. 2014; Becker et al. 2018).

The use of anesthetics in effective doses promotes safety for both fish and the handler during
different management practices adopted in pisciculture (Ross and Ross 2008; Weber 2011; Ribeiro
et al. 2015), and can promote animal welfare and increased survival of fish. The concentration and
efficacy required for anesthetic induction by a drug are related to fish size and species (Woody et al.
2002; Ross and Ross 2008; Tarkhani et al. 2017), which makes it necessary to validate an anesthetic
before its use (King 2009). The choice of a particular anesthetic is associated with its legal
implications, economic viability, ease of application, and low risk to animals and handlers (Padua
et al. 2012). Ideally, anesthetic induction time should not exceed 180 s, while recovery time should
not exceed 300 s (Keene et al. 1998; Ross and Ross 2008).

Benzocaine is a synthetic anesthetic that is widely used because it is easily accessible and
inexpensive, has no mutagenic action and can be rapidly metabolized by fish (Woody et al.
2002; Gontijo et al. 2003). This product can be used frequently without affecting the
productive and reproductive performance of fish and is environmentally friendly (Okamoto
et al. 2009; Okamura et al. 2010).

Menthol, which is an essential oil extracted from plants of the genus Mentha (Patel et al.
2007), is another alternative anesthetic that has been used effectively for many fish species,
such as rainbow trout, Oncorhynchus mykiss (Teta and Kaiser 2019); curimba, Prochilodus
lineatus (Junior et al. 2018); and the angelfish Pterophyllum scalare (Romaneli et al. 2018).
Menthol is easily found in pharmacies, is inexpensive (Facanha and Gomes 2005), and is a
safe and natural product (Yadegarinia et al. 2006).

Species of the genus Aulonocara are the most popular ornamental fish among African
cichlids and have had great international commercialization in recent years (Schwalbe et al.
2012). The Blue cichlid Aulonocara nyassae originates from Lake Malawi and is of orna-
mental interest due to its “blue orchid” coloration that catches the attention of aquarists.
Nonetheless, no data are available on the effects of benzocaine and menthol as anesthetics
for the species.

Therefore, the present study aimed to investigate the effects of benzocaine and menthol on
anesthesia of A. nyassae juveniles, as well as on ventilation frequency during anesthetic
induction and recovery.

Material and methods

The experiments were carried out at Laboratdorio de Aquacultura of the Escola de Veterinaria,
Universidade Federal de Minas Gerais, under registration number 326/2019 of Comissao de
Etica no Uso de Animais.

Fish of A. nyassae were produced and cultivated in six rectangular tanks with 42-L useful volume,
at a density 50 fish tank™!, in a water recirculation system with temperature maintained at 27.21 +
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0.09 °C, pH around 7.08 +0.06 (measured by Hanna HI98130 multiparameter probe), dissolved
oxygen of 6.81 £0.58 mg L1, (Water Quality Meter AK87 oximeter), and total ammonia of 0.53 +
0.02 mg L' (Alfakit Labcon Test colorimetric kit). The animals were fed 1.7-mm-diameter
commercial feed containing 460.0 g kg™! crude protein, 80 g kg™! ether extract, 140 g kg™' mineral
matter, 20 g kg™! calcium, and 15 g kg™!, as reported by the manufacturer, three times a day (09:00,
12:00, and 15:00 h) until apparent satiety. The water of the system was changed once a week with
50% renewal of its useful volume. Fish were fasted for 24 h prior to testing.

The anesthetics tested were benzocaine (ethyl 4-aminobenzoate 99%, Sigma-Aldrich®,
SLBH1225V) and menthol (99% CRQ-1006310100). Two size classes of fish were used in trials
with benzocaine: Juveniles 70 fish of 0.74 £0.31 g (39.41 = 7.48 mm); and Juveniles [I—70 fish
of 3.80+0.92 g (76.58 £9.83 mm). The fish used for trials with menthol were as follows: Juveniles
170 fish of 1.01 £0.39 g (50.39 + 12.75 mm) and Juveniles 70 fish of 3.73 +0.78 g (64.94 +
8.98 mm). Seven concentrations—O0 (control), 12.5, 25.0, 50.0, 75.0, 100.0, and 125.0 mg L1—of
each anesthetic (benzocaine and menthol) were tested on each size class of fish. Trials consisted of 10
replicates for each size class and concentration of anesthetic, with individual fish acting as independent
replicates. The experiments were conducted independently for each anesthetic and size class of fish,
using a completely randomized design. Anesthetic concentrations were prepared by dilution in 5 mL
ethyl alcohol (98.1% purity), and the control consisted of ethyl alcohol without anesthetic (Ribeiro
et al. 2013).

For analysis of anesthesia induction and recovery, fish were randomly captured one at a
time and placed in a 1-L beaker containing the concentration of anesthetic to be tested. Control
animals were observed for 10 min. Anesthetic induction time was evaluated using a digital
timer (Taksun Ts1809). The behavioral characteristics of the deep anesthesia used in this study
followed the recommendations of Ross and Ross (2008) and were basically the loss of
equilibrium and absence of swimming. Throughout the anesthetic induction process, the
ventilation frequency (VF) of the animals was evaluated by counting the number of opercular
beats per minute adapted from Alvarenga and Volpato (1995). Once fish reached deep
anesthesia, they were weighed on an analytical balance (Marte AD5002) and measured for
length using a digital caliper (Starret® 799). The fish were then transferred individually to a 1-
L beaker with clean water (from the cultivation system itself) for anesthetic recovery, which
was timed and VF measured. The animals were considered recovered when they presented
reflexes to external stimuli and normal swimming balance (Ross and Ross 2008).

After the experiments, fish of each size class and anesthetic were pooled and kept in 28-L
tanks in a recirculating aquaculture system to observe the return to appetite and record survival
after 24 h. The fish were fed three times a day until apparent satiety.

Data were tested for normality by the Shapiro-Wilk test and homoscedasticity of variances
by the Leven test, followed by ANOVA. Regression analyses were performed to better fit the
model (P <0.05). Data were analyzed using R software version 3.5.2.

Results

Benzocaine

Benzocaine concentrations of 0, 12.5, and 25.0 mg L™! did not induce deep anesthesia in the
fish of either size class. For the other tested concentrations, induction time had a quadratic

effect (P<0.05) for Juvenile I (Fig. la), with an estimated inflection point at 108 mg L™!
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(41.87 s). Recovery time for Juvenile I also presented a quadratic effect (P < 0.05) among the
studied concentrations with a maximum point at 68 mg L™ (118.93 s) (Fig. 1b).

A quadratic effect (P <0.05) was also observed for induction time for the Juvenile II size
class, with the estimated minimum point being at 112.85 mg L™!, while induction time ranged
from 48.20 to 76.40 s (Fig. 1c). Recovery time also had a quadratic effect (P <0.05) among
concentrations for these fish, with the maximum point at 121.67 mg L' (101.41 s) (Fig. 1d).
Increasing doses of benzocaine were accompanied by increasing recovery times for the
Juvenile II size class.

Ventilation frequency during induction of Juvenile I presented a quadratic effect (P < 0.05)
among the studied concentrations, with the estimated minimum point being at 110 mg L™!
(50.63 beats min™') (Fig. 2a). During recovery, the VF for Juvenile I also had a quadratic effect
(P <0.05) among evaluated concentrations, with a minimum point at 66.67 mg L™! and a range
of 72.11-83.53 beats min~! (Fig. 2b).

Ventilation frequency during induction of Juvenile II presented a quadratic effect among
the evaluated concentrations (P < 0.05) with the minimum point at 65 mg L™! (79.94 beats
min~!) (Fig. 2¢). During recovery, the VF for Juvenile II had a direct linear effect (P <0.05)
among the studied concentrations and a range of 94.47-112.75 beats min~! (Fig. 2d).

Survival for Juvenile I was >90% at 24 h after the end of the experiment and presented a
linear effect (P <0.05) among the evaluated concentrations with the estimated equation Y=
109.0-0.16x, R2=0.80, and all surviving animals feeding normally. Survival for Juvenile II
was 100% 24 h after the end of the experiment for all benzocaine concentrations, with all
animals resuming feeding.

Juvenile 1 (0.74 £0.31 g)
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Fig. 1 Values (mean + standard error) of time (seconds) of induction (a, ¢) and recovery of anesthesia (b, d) in
two size classes of Aulonocara nyassae, submitted to different benzocaine concentrations. Star represents value
estimated by the equation derived
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Fig. 2 Values (mean + standard error) ventilation frequency (opercular beats per minute) during induction (a, ¢)
and recovery of anesthesia (b, d) in two size classes of Aulonocara nyassae, submitted to different benzocaine
concentrations. Star represents value estimated by the equation derived

Menthol

Menthol concentrations of 0 and 12.5 mg L™! did not induce deep anesthesia in the fish of
either size class. For the other concentrations, induction time for Juvenile I had a quadratic
effect (P <0.05), with an estimated inflection point of 122.25 mg L™! (11.78 s) (Fig. 3a).
Recovery time for Juvenile I also had a quadratic effect (P <0.05) with a maximum point of
40 mg L1 (91.98 s) (Fig. 3b).

The induction time for Juvenile II also had a quadratic effect (P < 0.05) among the different
menthol concentrations, with the minimum at 93.83 mg L™! (58.02 s) (Fig. 3¢). The recovery
time for Juvenile II had a quadratic effect (P < 0.05) among the studied concentrations with a
maximum point of 25 mg L™! and a range of 50.90-86.70 s (Fig. 3d).

Ventilation frequency for Juvenile I during induction had a direct linear effect (P <0.05)
among the concentrations and ranged 44.52-169.78 beats min~! (Fig. 4a). For the same size
class, VF during recovery had a quadratic effect (P < 0.05) among the concentrations with a
minimum point of 47.50 mg L™! (70.20 beats min™!) (Fig. 4b).

Ventilation frequency for Juvenile II during induction had a direct linear effect
(P<0.05) among concentrations ranging 48.13—110.70 beats min~! (Fig. 4c). For the
same size class, VF during recovery also had direct linear effect (P <0.05) among
concentrations (Fig. 4d).

Survival for Juvenile I and Juvenile II size classes was 100% at all concentrations evaluated
after 24 h of recovery, and all animals resumed feeding.
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Fig. 3 Values (mean + standard error) of time (seconds) of induction (a, ¢) and recovery of anesthesia (b, d) in
two size classes of Aulonocara nyassae, submitted to different menthol concentrations. Star represents value
estimated by the equation derived
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Discussion

Benzocaine and menthol proved to be efficient for anesthesia of A. nyassae. Concentrations
were found with induction times of less than 180 s and recovery times less than 300 s, as
recommended by Keene et al. (1998) and Ross and Ross (2008).

Benzocaine and menthol are anesthetics that require dilution in ethanol; however, this
solvent has no induction effect and does not cause mortality in fish at low concentration
(Junior et al. 2018; Ribeiro et al. 2019; Teta and Kaiser 2019), as also observed for fish in the
control group of the present study.

In the benzocaine experiment, anesthetic efficiency for the Juvenile I size class was between the
concentrations of 75 and 125 mg L1, while for Juvenile II, it was between 50 and 125 mg L™1; then,
providing induction and recovery times within the limits considered ideal for fish (Keene et al. 1998;
Ross and Ross 2008). During the process of anesthesia, and until a complete loss of swimming
balance is achieved, anesthetic-related corticosteroids and catecholamines are released. Therefore, the
faster that immobilization can occur, the less of these metabolites will be released in the organism
(Rothwell et al. 2005). Thus, benzocaine concentrations of 108 and 112.85 mg L™ were calculated for
Juvenile I and Juvenile II size classes, respectively. Values close to the concentrations of benzocaine
indicated in this study have been reported for some species. Concentrations of 87.5 and 100 mg L
were recommended for common carp, Cyprinus carpio, weighing an average 1.9 g (Bittencourt et al.
2013), whereas concentrations ranging 110-160 mg L' were recommended for angelfish, P. scalare,
weighing an average of 16 g (Romaneli et al. 2018). Ideal concentrations of benzocaine for juvenile
pacama, Lophiosilurus alexandri, with an average weight of 214 g, were found to range 60—
120 mg L™! (Ribeiro et al. 2019). This variation in the concentration of a given anesthetic is related
to fish size and species (Ross and Ross 2008; Fernandes et al. 2016; Tarkhani et al. 2017), as observed
in the present study.

High survival (>90%) was observed for the Juvenile I size class 24 h after the benzocaine
experiment. In addition, the surviving fish resumed feeding during this period. The recorded mortality
was not associated with anesthetic toxicity, but rather with fights (bites) observed among animals in
experimental units. Survival was 100% for the Juvenile II size class, and all animals fed normally after
24 h. Benzocaine is a safe synthetic anesthetic for fish and can be rapidly metabolized (Gontijo et al.
2003; Okamoto et al. 2009; Okamura et al. 2010), which may explain the high survival rates observed
after its use. Junior et al. (2019) evaluated different concentrations of benzocaine for juvenile curimba,
P. lineatus, and observed a survival rate of >90%, 96h after the end of the study. However, for
juvenile pacamd, L. alexandyri, benzocaine concentrations of 60, 120, 240, and 480 mg L1 also did
not cause mortality in fish 24 h after the test (Ribeiro et al. 2019), demonstrating its efficiency for
different species.

The present study demonstrated that the concentration of 25 mg L™ of menthol promoted deep
anesthesia for Juvenile I and Juvenile II size classes, but it took longer than 180 s. For the other
concentrations evaluated, however, induction was reached within 180 s, and recovery times were less
than 300 s, as suggested by Keene et al. (1998) and Ross and Ross (2008), with good anesthetic
efficiency at concentrations of 122.25 mg L™ and 93.83 mg L™ for Juvenile I and Juvenile II,
respectively. Hoshiba et al. (2015) evaluated the anesthetic effect of menthol for juveniles of the platy
Xiphophorus maculatus weighing an average of 0.168 g and found that concentrations between 100
and 250 mg L! had a safe effect. Similarly, menthol concentrations of 150 to 250 mg L™ for the
angelfish, P. scalare, weighing 16 g (Romaneli et al. 2018) and of 50 to 125 mg L™! for lambari,
Oligosarcus argenteus, weighing an average of 11.3 g (Uehara et al. 2019), were also found to be
suitable for anesthesia management, which are close to the concentrations found in the present study.
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In the menthol experiment, survival was 100% after 24 h for both size classes of A. nyassae
and all concentrations evaluated, with all animals resuming feeding. This high survival may be
related to the product because it is natural and safe (Yadegarinia et al. 2006). Menthol
concentrations of 50, 100, 150, 200, and 250 mg L™! did not cause mortality for the platy
X. maculatus (Hoshiba et al. 2015). Evaluating different concentrations of menthol for juvenile
curimba, P. lineatus, Junior et al. (2018) observed high survival (>90%) after 96 h of
anesthetic recovery with all animals resuming feeding.

The present study was not able to establish a direct relationship between increasing benzocaine and
menthol concentrations and reduced VF for the Juvenile I and Juvenile II size classes of A. nyassae, as
was also observed by Silva et al. (2019). Ventilation frequency is a useful parameter for understanding
how fish physiology responds to anesthetics (Alvarenga and Volpato 1995; Becker et al. 2012).
According to Toni etal. (2014), increased VF was observed for the catfish Rhamdia quelen after some
minutes of exposure to essential oils of Hesperozygis ringens and Lippia alba. This hyperventilation
is common in fish and is associated with increased oxygen consumption during anesthesia
(Summerfelt and Smith 1990). Generally, after initial contact with an anesthetic, VF values decrease
considerably (Becker et al. 2012). In contrast, Becker et al. (2018) did not observe any differences in
VF values for the catfish R. quelen exposed to essential oils of L. alba and L. origanoides compared to
the control group. According to these authors, difficulty in establishing a general increase or decrease
response of VF when using anesthetics can be explained by species-specific responses, which is also
apparent from the present study.

Conclusion

Benzocaine and menthol proved to be effective anesthetics for juvenile A. nyassae. The
recommended concentrations of benzocaine are between 75 and 125 mg L™! for Juvenile I
and between 50 and 125 mg L™ for Juvenile II size classes. For menthol, concentrations
between 50 and 125 mg L1 can be used for both juvenile size classes.
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