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Abstract
For the production and commercialization of ornamental fish species, it is indispensable to collect biometric data

that facilitate the selection of animals for trade and genetic improvement of the stock. However, during the handling
process, fish receive more stress if proper anesthetics are not used. Thus, application of appropriate anesthetics is an
important tool for minimizing stress in animals. The objective of this study was to determine the effective concentra-
tions of benzocaine, eugenol, and menthol for achieving anesthesia in Freshwater Angelfish Pterophyllum scalare and
to develop induction and recovery response curves for different concentrations of these anesthetics. In total, 75 fish
were exposed to five concentrations of the three anesthetics in a completely randomized design: benzocaine at 60, 85,
110, 135, and 160 mg/L; eugenol at 40, 80, 120, 160, and 200 mg/L; and menthol at 50, 75, 150, 200, and 250 mg/L.
Each concentration (5 fish/concentration) consisted of five replicates, with each replicate represented by a single fish.
The results indicated that the tested substances met the criteria of anesthetic efficiency. The effective concentrations
of benzocaine, eugenol, and menthol for the anesthesia of Freshwater Angelfish were identified as 89.25, 90.6, and
92.1 mg/L, respectively.

For the production and commercialization of ornamen-
tal fish species, it is important to conduct studies regarding
biometrics that facilitate the selection of species for trade
and genetic improvement of stocks as well as the transport
of animals to market for sale. However, during biometric
studies, animals undergo stress, which can be harmful for
their well-being. Thus, the use of proper anesthetics in
effective concentrations is an important tool for the reduc-
tion of stress (Ross and Ross 1999). The careful use of
anesthetics can increase safety for both the fish and the
handler during minor procedures and allows fish to be

handled out of the water with decreased stress (Harms
and Bakal 1995), thus directly reducing the secondary
stress responses and preventing delayed mortality (Cooke
et al. 2004).

Stimulation of the hypothalamic–pituitary–interrenal
(HPI) axis triggers cortisol release in fish during handling
practices, which produces secondary stress responses
(Bressler and Ron 2004). The intensity and duration of
the stress response depend on the duration of exposure,
the anesthetic quality and concentration, and the species
(Thomas and Robertson 1991; Gomes et al. 2001; Bressler
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and Ron 2004). The use of effective anesthetic concentra-
tions blocks the stimulation or activation of the HPI axis,
stops the cortisol release, and minimizes the movement
and physiological changes in response to nociception
(Harms and Bakal 1995; Ross 2001; Myszkowski et al.
2003). Consequently, the chance of integument damage
and osmoregulatory instability decreases (Kumlu and
Yanar 1999; Ross 2001), and the metabolic process
becomes slow, resulting in reduced oxygen demand and
low waste production (Cooke et al. 2004; Crosby et al.
2006).

The characteristics of a suitable anesthetic should be to
induce the animal to anesthesia up to a maximum of 3 min,
allow recovery in up to 5 min, and promote low residual
concentration in the animal after 1 h of depuration (Mark-
ing and Meyer 1985). Moreover, it should not cause any
toxicity to the fish; should demonstrate a good range of
safety for those who handle it; and should have a low cost.
A wide variety of synthetic anesthetic compounds is avail-
able for fish (Marking and Meyer 1985). One of them is
benzocaine, which is widely used for the anesthesia of aqua-
tic animals because of its easy accessibility and applicability
(Gomes et al. 2001; Inoue et al. 2002; Façanha and Gomes
2005). In addition, it presents good efficiency as an anes-
thetic, has a safe range of application, and does not cause
any toxicity when used in appropriate concentrations
(Burka et al. 1997; Roubach and Gomes 2001). Benzocaine
is considered to be environmentally friendly and is thus used
frequently without causing any reproductive or growth
changes (Roubach and Gomes 2001).

According to Gomes et al. (2001), benzocaine is widely
used for anesthetic procedures in fish and has been tested
for efficacy with Nile Tilapia Oreochromis niloticus (Oka-
mura et al. 2010), Goldfish Carassius auratus (Bittencourt
et al. 2012), and Common Carp Cyprinus carpio (Bitten-
court et al. 2013). However, some natural substances have
been used as anesthetics due to the demand of the orna-
mental fish industry for nonsynthetic substances. In this
respect, eugenol and menthol have been studied while
maintaining appropriate animal welfare and low cost
(Roubach et al. 2005).

Eugenol is the active ingredient derived from clove oil.
Clove oil consists of 70–95% eugenol (Mazzafera 2003). It
is also widely used as an anesthetic and is available natu-
rally. Eugenol is also rapidly eliminated from the blood-
stream (Woody et al. 2002). Moreover, it has a low cost,
has good efficacy, and is easily available. It is considered
safe for the animal, the environment, and the people who
manipulate it and has been used for a long time by the
food, dental, and cosmetic industries (Keene et al. 1998;
Inoue et al. 2003; Iversen et al. 2003; Barbosa et al.
2007).

Another anesthetic agent that can be used for fish anes-
thesia is menthol, an essential oil extracted from mint

Mentha arvensis (Matos 2000; Patel et al. 2007). It has
anesthetic, antispasmodic, anti-inflammatory, anti-ulcer,
and antiviral properties (Lorenzo et al. 2002). Menthol is
considered a safe compound for animal life and is thus
used in various pharmaceuticals, cosmetics, and food
industries (Lorenzo et al. 2002; Gelal 2008). It can be
easily and cheaply purchased at pharmacies (Façanha and
Gomes 2005; Roubach et al. 2005). This compound has
been shown to have efficacy in anesthesia of the Tam-
baqu�ı Colossoma macropomum (Façanha and Gomes
2005), Pacu Piaractus mesopotamicus (Gonçalves et al.
2008), and Nile Tilapia (Teixeira et al. 2011).

The Freshwater Angelfish Pterophyllum scalare is ende-
mic to the Amazon region and is distributed as an orna-
mental fish species in Brazil, Peru, Colombia, and
Guianas (Cacho et al. 1999; Soriano and Ocampo 2002)
as well as in several other countries of the world, includ-
ing the USA, Philippines, Singapore, Suriname, Israel,
and Mexico (FAO 2017). It is distinctive among other
native ornamental species due to its beauty, peaceful
behavior, easy and rapid adaptation to different produc-
tion systems, easy reproduction in captivity, and good
market value (Chapman et al. 1997; Fujimoto et al. 2006;
Ribeiro et al. 2008). Although some studies have been car-
ried out on the efficacy of benzocaine, eugenol, and men-
thol in this ornamental fish species, response curves have
not been developed. Therefore, the objective of this study
was to determine the effective concentrations of benzo-
caine, eugenol, and menthol for Freshwater Angelfish and
to develop induction and recovery response curves for dif-
ferent anesthetic concentrations.

METHODS
The experiment was conducted at the Ornamental Fish

Laboratory, Aquaculture Center, S~ao Paulo State Univer-
sity, S~ao Paulo, Brazil. The fish used in the present trials
were reproduced at the same laboratory. All procedures fol-
lowed in the trial were according to the ethical guidelines
described by the Brazilian College of Animal Experimenta-
tion regarding the use of animals for experimental purposes
and were approved by the Ethics Committee on Animal
Use at S~ao Paulo State University (Protocol Number
012036/17). A total of 75 fish (25 fish/anesthetic; average
body weight = 16.45 � 1.75 g [mean � SD]), regardless of
sex (i.e., both sexes), was used in the present study. Before
each test, the required number of fish (25 fish/trial) was dis-
tributed to a single, large glass aquarium (capac-
ity = 150 L; length 9 width 9 height = 1.23 9 0.30 9
0.41 m [48 9 12 9 16 in]) and acclimated for 1 week in
semi-static conditions. After the acclimation period, five
aquaria (capacity = 40 L; length 9 width 9 height =
0.51 9 0.25 9 0.30 m [20 9 10 9 12 in]) were assigned to
each concentration of an anesthetic for the assessment of
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induction. During each test, fish were transferred one by
one via small hand nets to their respective aquaria (1 fish/
aquarium), provided with a respective concentration of an
anesthetic. The anesthetized fish were then transferred indi-
vidually to another five anesthetic-free aquaria assigned to
recovery times. This procedure was performed for all con-
centrations of each anesthetic, totaling five concentrations
per anesthetic and five replicates per concentration. The
three trials were conducted consecutively but separately in
order to avoid cross-contamination between the trials. Each
trial was blinded: the two observers had no idea which
treatment they were evaluating.

The animals were exposed to five concentrations of
each of the three anesthetics in a completely randomized
design: benzocaine (4-aminobenzoic acid ethyl ester;
Sigma-Aldrich, Brazil; 60, 85, 110, 135, and 160 mg/L),
eugenol (eugenol United States Pharmacopeia, 99–100.5%;
Biodynamics Chemicals and Pharmaceuticals Ltd., Brazil;
40, 80, 120, 160, and 200 mg/L), and menthol (2-isopro-
pyl-5-methylcyclohexanol M2772; Sigma-Aldrich; 50, 75,
150, 200, and 250 mg/L).

The anesthetic concentrations used in the present trials
were selected according to the concentrations determined
by Costa (2011) and Mello et al. (2012) for Nile Tilapia,
where minimum and maximum concentrations (40–
160 mg/L) were studied. In the case of menthol, it was
necessary to increase the concentration up to a maximum
level of 250 mg/L because in a pilot study (described
below), fish demonstrated a low response (slow induction)
to lower menthol concentrations.

The anesthetics are commonly insoluble in water (Mit-
jana et al. 2014). Therefore, to ensure proper mixing, a
stock solution (100 mg/mL) was prepared just before each
trial by dissolving an anesthetic concentration in absolute
ethanol (1:9 volume/volume) as described by Mitjana
et al. (2014). The anesthetic concentrations were directly
administered into aquaria through 5-mL syringes (INJEX
Ind�ustrias Cir�urgicas Ltd., Brazil). No toxic or anesthetic
effects have been observed with the use of ethanol at the
aforementioned concentration in juvenile Freshwater
Angelfish (Woody et al. 2002). The above-mentioned con-
centration of the solvent has also shown no interactions
with any of the three anesthetics in terms of anesthesia
induction and recovery (Woody et al. 2002; Mitjana et al.
2014).

A pilot experiment was conducted with the same exper-
imental design (anesthetics, treatments, replicates, aquaria,
and size of fish) as mentioned above. During the pilot
study, characteristics to gauge the induction and recovery
were evaluated on the basis of criteria described in
Table 1, and a maximum time of 15 min was specified
for each anesthetized animal (Woody et al. 2002). Two
persons thoroughly observed the behavioral changes in
the juvenile Freshwater Angelfish, such as opercular

movements, equilibrium, and absence of tactile move-
ments in response to the three anesthetics. Anesthetic
stages were consistent with those described by Woody
et al. (2002; Table 1). No significant difference was
observed between the times recorded by both viewers
(P < 0.05), indicating that they observed the behavior con-
sistently. After induction, recovery times were evaluated
for 5 min, as well as any mortality within seven consecu-
tive days after anesthesia induction.

Determination of the optimal values for induction and
recovery times per anesthetic concentration was performed
using the linear response plateau (LRP) model. The values
were also subjected to the ANOVA procedure in SAS
(SAS Institute 2014). Tukey’s test was used (P < 0.05) to
compare the averages. Analyses were performed using
SAS software.

RESULTS
During the trials, no mortality or physiological alter-

ations were observed. The water quality parameters, such as
temperature (average = 27.05 � 0.64°C [mean � SD]), dis-
solved oxygen (6.77 � 0.21 mg/L), and pH (6.91 � 0.42)
were measured daily and found within the range suggested
for Freshwater Angelfish by P�erez et al. (2003) and Ribeiro
et al. (2008). The induction concentrations of benzocaine,
eugenol, and menthol determined by using the broken-line
model for the anesthesia of Freshwater Angelfish are shown
in Table 2.

Benzocaine
Benzocaine concentrations of 110, 135, and 160 mg/L

resulted in significantly rapid induction times less than
3 min. Induction times decreased with increasing anes-
thetic concentrations (Figure 1). However, no change in
recovery time was observed between the treatments; aver-
age time for recovery was 2.5 � 0.71 min (mean � SD).

TABLE 1. Behavioral stages of anesthesia induction and recovery in fish
as described by Woody et al. (2002).

Stage Behavior characteristics

1 Visibly slow or erratic opercular movement
2 Partial loss of balance and difficulty in

maintaining normal swimming position when
stopped

3 Total loss of balance and inability to regain
the vertical position of swimming (“belly
up”)

4 Absence of response to any stimulus
Recovered Recovery of normal swimming position and

ability to swim
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The induction time values were entered into the LRP
model to obtain the effective concentration of benzocaine
for induction, as indicated by the breaking point of the
line (Table 2). The effective concentration of benzocaine
for anesthesia induction in Freshwater Angelfish was iden-
tified as 89.25 mg/L, with a time of 102.7 s.

Eugenol
Concentrations of 120, 160, and 200 mg/L resulted in

induction times less than 3 min, and induction times
decreased with increasing anesthetic concentration (Figure 2;
Table 2). However, for the recovery time, no change was
observed between the treatments; average recovery time
across treatments was 3.5 � 0.71 min. The effective concen-
tration of eugenol for anesthesia induction in Freshwater
Angelfish was 90.6 mg/L, with a time of 79 s, which was the
shortest time observed among the three anesthetics tested.

Menthol
Induction times decreased with increasing menthol con-

centration; 150–250-mg/L concentrations resulted in induc-
tion times less than 3 min (Figure 3). For the recovery
time, changes were observed between the treatments, with
an average of 4 � 1.41 min required for full recovery of
the fish. According to the LRP model (Table 2), the effec-
tive concentration of menthol for anesthesia induction in
Freshwater Angelfish was 92.1 mg/L, with a time of 116 s.

DISCUSSION
The present study indicates that benzocaine is an effec-

tive anesthetic substance for Freshwater Angelfish anesthe-
sia. Values obtained in this study were close to those
reported by Gimbo et al. (2008) for the Twospot Astya-
nax Astyanax bimaculatus (100 mg/L) and by Bittencourt
et al. (2013) for the Common Carp (87–100 mg/L).
According to Marking and Meyer (1985), for an anes-
thetic to be efficient, it should present an induction time
less than 3 min and a recovery time within 5 min—values
that were obtained for all anesthetics tested in this study.

Benzocaine did not promote any toxic effect in Fresh-
water Angelfish even at the higher dosage of 160 mg/L,
since the dosages chosen were in accordance with specifi-
cations for other freshwater fish (Roubach and Gomes
2001). After the procedures, the fish were observed for
7 d, and no mortality was seen. However, Gimbo et al.
(2008) observed large number of Twospot Astyanax mor-
talities during a 7-d period after exposure to an anesthetic
dose of 125 mg/L. Chellapan et al. (2013) reported that
exposure of Freshwater Angelfish to high concentrations
of benzocaine caused oxygen reduction that later nega-
tively affected the respiratory system.

The present study demonstrated that eugenol had good
anesthetic effects, with an effective dosage of 90.6 mg/L.
However, the 40-mg/L concentration of eugenol presented
a longer induction time (687 s), which did not fit the

TABLE 2. Induction concentrations of benzocaine, eugenol, and menthol determined for Freshwater Angelfish by using the broken-line model.

Anesthetic Equation
Induction concentration

(mg/L) R2 P-value

Benzocaine y = 102.7 � 16.296(89.2546 � x) 89.2 0.96 0.0001
Eugenol y = 79.0 � 9.605(90.5986 � x) 90.6 0.86 0.0001
Menthol y = 116.0 � 18.624(92.0962 � x) 92.1 0.94 0.0001

FIGURE 1. (A) Induction times and (B) recovery times for Freshwater Angelfish anesthetized with five benzocaine concentrations. The upper and
lower lines of each plot represent the maximum and minimum times observed; the 9 symbol represents the median; and the inner box represents the
25th and 75th percentiles. The dashed line indicates the optimal induction time (<180 s) and optimal recovery time (within 300 s) suggested by
Marking and Meyer (1985). Different letters represent significant differences (Tukey’s test: P < 0.05).
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specifications described by Marking and Meyer (1985).
According to Millan-Ocampo et al. (2012), Chellapan
et al. (2013), Mitjana et al. (2014), and Tarkhani et al.
(2017), eugenol is an efficient anesthetic for Freshwater
Angelfish. Mitjana et al. (2014) concluded that eugenol at
100 mg/L is appropriate for Freshwater Angelfish (average
body weight = 2.46 � 0.60 g [mean � SD]), which is sim-
ilar to the results of this study. Tarkhani et al. (2017) rec-
ommended a much lower eugenol concentration
(5.5 mg/L) for Freshwater Angelfish, but their study fish
were smaller (1-, 5-, and 10-g weight categories) than
those used here. Millan-Ocampo et al. (2012) and Chella-
pan et al. (2013) reported intermediate effective eugenol
concentrations (40 and 45 mg/L) for induction of Fresh-
water Angelfish that were of similar size to those used by
Tarkhani et al. (2017).

The variation in the recommendations for eugenol may
be due to the difference in fish species, fish size, anesthetic

concentration, experimental design, or statistical analysis.
Eugenol concentrations determined for the Nile Tilapia
(Vidal et al. 2008), Pacu (Gonçalves et al. 2008), and
Smallscale Fat Snook Centropomus parallelus (Souza et al.
2012) were variable, and the concentrations obtained were
lower than those determined for Freshwater Angelfish (50,
50, and 37.5 mg/L, respectively). Bittencourt et al. (2012)
observed an appropriate eugenol concentration of 75 mg/L
for Goldfish, which is close to that determined in this study
(90.6 mg/L), while Ramos et al. (2015) recommended
higher dosages of 120 mg/L for the Zebra Pleco Hypan-
cistrus zebra and 140 mg/L for Ancistrus ranunculus and for
the Gold Nugget Pleco Baryancistrus xanthellus.

Menthol also demonstrated efficacy in relation to the
criteria established by Marking and Meyer (1985) regard-
ing the effectiveness of an anesthetic during fish handling.
The optimal dose of menthol in this study was identified
as 92.1 mg/L. According to Façanha and Gomes (2005),

FIGURE 2. (A) Induction times and (B) recovery times for Freshwater Angelfish anesthetized with five eugenol concentrations. The upper and lower
lines of each plot represent the maximum and minimum times observed; the 9 symbol represents the median; and the inner box represents the 25th
and 75th percentiles. The dashed line indicates the optimal induction time (<180 s) and optimal recovery time (within 300 s) suggested by Marking
and Meyer (1985). Different letters represent significant differences (Tukey’s test: P < 0.05).

FIGURE 3. (A) Induction times and (B) recovery times for Freshwater Angelfish anesthetized with five menthol concentrations. The upper and lower
lines of each plot represent the maximum and minimum times observed; the 9 symbol represents the median; and the inner box represents the 25th
and 75th percentiles. The dashed line indicates the optimal induction time (<180 s) and optimal recovery time (within 300 s) suggested by Marking
and Meyer (1985). Different letters represent significant differences (Tukey’s test: P < 0.05).
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menthol was an effective anesthetic agent for Tambaqu�ı,
and the optimal concentration of menthol for induction
during biometric data collection was 100 mg/L. Moreover,
those authors reported that induction after exposure of
Tambaqu�ı to an adequate concentration of menthol may
last up to 30 min without causing any mortality or physio-
logical disturbances. However, in the present study, men-
thol concentrations between 50 and 75 mg/L yielded the
highest induction times, although fish exposed to 50 mg/L
did not reach stage 4 (Table 1). Thus, both doses are inef-
ficient for anesthesia of this species, and care should be
taken before using menthol, since the use of inadequate
concentrations could lead to future problems.

According to Roubach et al. (2001), since the surface
area for absorption of an anesthetic agent is higher in
smaller fish, they absorb more anesthetic than larger
fish; consequently, the induction time in smaller individ-
uals is faster, and recovery is slower. The anesthetic
responses evident in this study may be related the larger
body sizes of fish used compared to previous studies.
However, in evaluating menthol as an anesthetic,
Façanha and Gomes (2005) did not observe any differ-
ence in induction or recovery times between juvenile
and adult Tambaqu�ı.

Souza et al. (2012) tested the same three anesthetics—
benzocaine, eugenol, and menthol—for juvenile Smalls-
cale Fat Snook to determine their efficiency and eco-
nomic value and to improve the knowledge (induction
times, full recovery times, and physiological changes)
regarding each product. Those authors concluded that
eugenol had the best cost–benefit ratio for fish anesthe-
sia. However, price fluctuations in different regions or
countries of the world may occur, since eugenol and
menthol are most easily found at a lower cost in phar-
macies.

In conclusion, benzocaine, eugenol, and menthol are
effective anesthetics for use with the Freshwater Angelfish.
The effective concentrations for anesthesia of Freshwater
Angelfish were 89.25-mg/L benzocaine, 90.6-mg/L euge-
nol, and 92.1-mg/L menthol. The exposure of Freshwater
Angelfish to effective concentrations of the anesthetics has
demonstrated efficient anesthesia induction in 3 min and a
recovery time of 5 min without causing any mortality or
pathological signs.
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