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Abstract

Introduction

The aim of this study was to evaluate the anaesthetic effect of MS-222 and propofol and determine
their optimal concentrations for safe handling of
the tetra Astyanax altiparanae in the laboratory.
The fish were separated by length into three classes: I (1.5–5.0 cm), II (5.1–8.0 cm) and III
(greater than 8.1 cm). Pilot tests were performed
to evaluate the appropriate anaesthetic concentrations for inducing the five possible anaesthetic
stages: I – sedation; II – light anaesthesia; III –
deep anaesthesia; IV – surgical anaesthesia; and V
– spinal collapse. After defining the maximum and
minimum concentrations required to induce stage
IV anaesthesia, the animals were exposed to five
intermediate concentrations (n = 10 fish/concentration) of each anaesthetic for 15 min. The animals were then transferred to clean water to
evaluate the time required for recovery. In addition, blood glucose levels were measured for class
II and class III fish subjected to the previously
defined ideal concentrations for each of the tested
anaesthetics (n = 10 fish/treatment). Both evaluated substances are suitable to anaesthetize A. altiparanae. The optimal MS-222 concentration was
90 mg L 1, and this result was similar for all
three size classes. The optimal propofol concentrations for inducing surgical anaesthesia in the size
classes I, II and III were 0.22, 0.23 and 0.27
respectively.

The use of fish as a model for laboratory tests has
become increasingly popular in recent decades
(DeTolla, Srinivas, Whitaker, Andrews, Hecker,
Kane & Reimschuessel 1995; Jenkins, Bart,
Bowker, Bowser, MacMillan, Nickum, Rachlin,
Rose, Sorensen, Warkentine & Whitledge 2014).
In certain countries, fish are the third-most commonly used animal group in scientific experiments
(Overturf 2009). However, routine activities in
laboratory tests and in aquaculture in general
expose fish to a variety of stressors with a significant potential to affect their physical condition
and well-being during activities related to biometrics, transport, gametes and blood collection, individual marking and identification and surgical
procedures, among others (Barton 2000; Lima,
Ribeiro, Leite & Melo 2006; Ashley 2007).
A number of substances have been used to anaesthetize fish to minimize the adverse effects of
various handling procedures. Natural substances
such as the essential oils of peppermint and clove
have been widely used for this purpose (Taylor &
Roberts 1999; Harper 2003; Palic, Herolt, Andreasen, Menzel & Roth 2006). However, the most frequently used anaesthetics are synthetic, such as
quinaldine sulphate (2-methylquinoline), benzocaine (ethyl p-aminobenzoate), 2-phenoxyethanol
(Inoue, Hackbarth & Moraes 2004; Velasco-Santamarıa, Palacios-Ruiz & Cruz-Casallas 2008; Bertozi
J
unior, Diemer, Neu, Bittencourt, Boscolo & Feiden
2014) and, more recently, propofol and MS-222
(tricaine methanesulfonate), which is the most
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commonly used synthetic anaesthetic worldwide
(Kreiberg 2003; Rombough 2007; Sneddon 2012;
Topic Popovic, Strunjak-Perovic, Coz-Rakovac,
Barisic, Jadan, Persin Berakovic & Sauerborn Klobucar 2012).
MS-222 is supplied as a white crystalline powder, and its main properties include high solubility
in water and rapid induction and full recovery of
animals subjected to anaesthesia (Hseu, Yeh, Chu
& Ting 1998; Roberts 2009; Readman, Owen,
Murrell & Knowles 2013). MS-222 has been used
on freshwater and marine fish (Lemm 1993; Hseu
et al. 1998; Roubach, Gomes & Val 2001; Sladky,
Swanson, Stoskopf, Loomis & Lewbart 2001; Welker, Lim & Yildirim-Aksoy 2007; Ross & Ross
2008; Zahl, Kiessling, Samuelsen & Olsen 2010;
Gholipour, Mirzargar, Soltani, Ahmadi, Abrishamifar, Bahonar & Yousefi 2011; Stockman, Weber,
Kass, Pascoes & Paul-Murphy 2012; Ribeiro, de
Melo, do Espirito Santo, de Souza e Silva, Santos &
Luz 2013; Gressler, Riffel, Parodi, Saccol, Koakoski, DaCosta, Pavanato, Heinzmann, Caron,
Schmidt, Llesuy, Barcellos & Baldisserotto 2014;
Nordgreen, Tahamtani, Janczak & Horsberg
2014). Moreover, it is the only anaesthetic
approved for use by the US Food and Drug Administration (FDA 1997; Carter, Woodley & Brown
2011; Delbon & Ranzani-Paiva 2012).
The first report on the anaesthetic efficacy of
propofol (2,6-diisopropofol) was published in 1973
and focused on a rat experiment. Kay and Rolly
(1977) were the first researchers to use propofol
as an anaesthetic agent in humans. According to
Miller and Eriksson (2009), propofol is currently
the anaesthetic most commonly used for the
induction and maintenance of anaesthesia and
sedation in higher vertebrates, and it is also widely
used as a human anaesthetic (Andrews, Leslie,
Sessler & Bjorksten 1997).
Propofol has also been used as an anaesthetic in
various aquatic organisms, such as the bamboo
shark Chiloscyllium plagiosum (Miller, Mitchell,
Heatley, Wolf, Lapuz, Lafortune & Smith 2005),
bottlenose dolphin Tursiops truncatus (Howard,
Finneran & Ridgway 2006), turtle Caretta caretta
(MacLean, Harms & Braun-McNeill 2008), blue
crab Callinectes sapidus (Quesada, Smith & Heard
2011) and bullfrog Lithobates catesbeianus (Cardoso
2012). The efficacy of propofol for safe anaesthesia
in fish has been demonstrated in recent studies,
such as that of Fleming, Heard, Floyd and Riggs
(2003) with sturgeon Acipenser oxyrinchus;
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Peyghan, Papahn, Nadaf and Ebadi (2008) with
grass carp Ctenopharyngodon idella; Gressler, Parodi,
Riffel, Costa and Baldisserotto (2012) with catfish
Rhamdia quelen and Valencßa-Silva, Braz, Barreto,
Salvadori and Volpato (2014) with tilapia Oreochromis niloticus.
Propofol is commercially available as a whitish
aqueous emulsion at a concentration of 1% containing 10% soybean oil, 2.25% glycerol and 1.2%
purified egg yolk lecithin as surfactant (Massone
1999; Miller & Eriksson 2009; Meyer & Fish
2011). This compound has become popular
because of its short anaesthetic action, rapid
recovery, safety and minimal side effects (Sawyer
2008; Gomułka, Wlasow, Szczepkowski, Misiewicz
& Ziomek 2014).
Gholipour and Ahadizadeh (2013), argued that
the efficacy and safety of any anaesthetic agent
may vary according to the species, life stage and
environmental conditions. These authors note that
only a limited number of studies have evaluated
the efficacy of propofol in fish and suggest that
additional studies should be performed to establish
the appropriate operating conditions and comparative advantages of using propofol to induce anaesthesia relative to other anaesthetics used in fish.
The tetra Astyanax altiparanae is an important
biological model. Nevertheless, only benzocaine
was evaluated to promote anaesthesia in this species (Gimbo, Saita, Goncßalves & Takahashi 2008).
This study aims to investigate the use of MS-222
and propofol as anaesthetics for the handling of
the tetra A. altiparanae under laboratory conditions
and define the recommended concentrations for
anaesthesia at the stage IV for various size classes.
Materials and methods
The experiments were performed at the Laboratory
for Research on Aquatic Organisms (Laborat
orio
de Pesquisa com Organismos Aqu
aticos – LAPOA)
of the Combined Group for Aquaculture and Environmental Studies (Grupo Integrado de Aquicultura e Estudos Ambientais – GIA), which is located
in the Division of Agricultural Sciences, Federal
University of Paran
a (Universidade Federal do
Paran
a – UFPR) in Curitiba, Paran
a (PR), Brazil.
Origin and maintenance of fish
The 450 A. altiparanae used in the experiments were
obtained from CEASA (Centrais de Abastecimento
© 2015 John Wiley & Sons Ltd, Aquaculture Research, 1–12
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do Paran
a S/A), a commercial company based in
Curitiba (PR), Brazil. Upon receipt, the animals were
gradually acclimated to the laboratory water temperature and pH conditions. Then, they were transferred to three circular tanks that contain internal
systems for biological filtration and were filled with
800 L of water and maintained under continuous
aeration. The temperature was controlled using a
digital thermostat (Steck-TIC-17RGTi, Brazil) and
maintained between 24.0 and 26.0°C. The animals were fed ad libitum twice daily (8:00 and
18:00 hours) with commercial feed containing
45% crude protein.
Biometrics
Before the experiment all fish were classified
according to size through individual weighing on
a digital precision balance (Shimadzu-AY220; Shimadzu, Tokyo, Japan) and measuring (total
length) using a manual calliper (Vonder-200 mm/
0.05 mm; Vonder, Curitiba/PR, Brazil). The animals were separated by length into three distinct
classes: I: fish from 1.5 to 5.0 cm; II: fish from 5.1
to 8.0 cm; III: fish longer than 8.0 cm. The duration of this measuring procedure was 40  29 s
(median  SD). Animals rested by 10 days before
exposure to anaesthetics. Biometrics were also performed after exposure to anaesthetic immediately
before transferring the animals to recovery tanks.
Observation system
Before testing began, fish that had been previously
selected by size class were collected randomly from
maintenance tanks and transferred to the observation aquariums, where they remained for 3 days
before beginning the experiments. The observation
system consisted of 24 rectangular glass aquariums (30 9 30 9 40 cm) filled with 25 L of water
and 0.2 fish L 1. The aquariums were interconnected by a water recirculation system and biological and mechanical filters and maintained under
constant aeration. After the adjustment period,
individuals were subjected to 8 h of fasting and
then exposed to the anaesthetic treatments.
The following physical and chemical parameters
of water in the recirculating systems were monitored
and controlled for daily during the experiments: pH
(6.99  0.41; mean  SD) using a digital pH meter
(AZ-86505; AZ Instrument, Taichung City,
Taiwan); temperature (25.3  1.69°C); dissolved
© 2015 John Wiley & Sons Ltd, Aquaculture Research, 1–12

oxygen (6.18  0.77 mg L 1) and oxygen saturation percentage (75.46  8.48) using a digital oximeter (YSI 550A; YSI, Yellow Springs, OH, USA);
dissolved CO2 (1.73  0.72 mg L 1) using titration
with 0.02 N sodium hydroxide solution (APHA,
2005a); and nitrogen concentration in the form of
total ammonia (0.16  0.4 mg L 1) using the indophenol method (APHA, 2005b). The samples were
then read on a bench top spectrophotometer (Spectronic Instruments, Rochester, NY, USA). Water
hardness was obtained by Eriochrome Black indicator followed by ethylenediaminetetraacetic acid
titration (113.00  33.56 mg L 1 of CaCO3). Pilot
tests evaluated and confirmed that pH and water
hardness were similar when compared before, during and after experiments with anaesthetics, remaining stable.
Determination of effective anaesthetic
concentrations
Stock solutions (10%) were prepared by dissolving
each anaesthetic in distilled water, and the respective solutions were maintained under refrigeration
in amber flasks. The stock solutions were then
diluted using water from the fish maintenance system to create the test solutions, which were then
placed in 1 or 2 L beakers along with the fish.
The anaesthetic effects of MS-222 and propofol
on A. altiparanae were evaluated in two steps: (i)
pilot experiments intended to determine the concentrations required to obtain all five possible
anaesthetic stages, and (ii) tests to determine the
concentrations required to obtain the stage IV
with minimal risk to animal survival.
The pilot experiments followed the method proposed by Pedrazzani and Ostrensky (2014). A fish
was placed in a glass container with the respective
anaesthetic at the desired concentration. After
15 min of exposure, the fish was assessed for
behavioural changes that are characteristic of
each anaesthetic stage. Depending on the
response, a new and higher concentration was
prepared, and a new fish was exposed individually
to the respective anaesthetic. This procedure was
repeated successively until the dosages were sufficient to induce all anaesthetic stages: I – sedation;
II – light anaesthesia; III – deep anaesthesia;
IV – surgical anaesthesia and V – spinal collapse.
Thus, the pilot experiments were performed using
the minimum number of animals necessary to
define the effective concentration ranges for each
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anaesthetic. Concentrations that induced most
animals to anaesthetic stage IV without causing
death were considered safe.
For the experiments to determine the concentrations required for surgical anaesthesia stage IV,
five concentrations of each anaesthetic, which
were defined by the results of the pilot experiments, were tested on each size class (Table 1).
Class I and II fish were anesthetized in 1 L beakers, class III fish were anesthetized in 2 L beakers
(n = 10 fish/concentration/anaesthetic), and the
animals were individually immersed in the test
solutions for 15 min (anaesthetic induction
phase). Another group of 10 fish were subjected to
the same procedure for the same period in water
that did not include anaesthesia (control).
During the induction phase, the times required
for the fish to reach the desired anaesthetic stages
were timed and recorded. The animals were then
sexed based on the dimorphic roughness that
occurs on the anal fin of males and is absent in
females (Andrade, Menin & Ribeiro 1984; Navarro, Silva, Ribeiro-Filho, Calado, Rezende, Silva &
Santos 2006). Next, the fish were transferred to
beakers containing water without anaesthesia
(recovery phase). The animals were considered
recovered when they returned to the upright position and began to swim regularly. The time
required for recovery was timed and recorded.
After the phases of induction and anaesthetic
recovery, the fish were transferred to the maintenance aquariums and monitored for another 48 h
for possible mortality, and their feeding behaviour
was recorded.
Blood collection and analysis of blood glucose
levels
Class II and class III fish were individually subjected to the previously defined optimal concenTable 1 Concentrations of MS-222 and propofol evaluated for their anaesthetic effect on the distinct size classes
of the tetra Astyanax altiparanae
Class
Compound
(mg L 1)
MS-222
Propofol

4

I

II

III

70; 75; 80;
85; 90
0.21; 0.22; 0.23;
0.24; 0.25

50; 60; 70;
80; 90
0.21; 0.22; 0.23;
0.24; 0.25

50; 60; 70;
80; 90
0.24; 0.25;
0.26; 0.27;
0.28
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trations for each of the tested anaesthetics
(n = 10/class/anaesthetic). The control fish were
subjected to the same handling procedure but
were not exposed to any exogenous substance.
The anaesthesia induction procedure was similar
to the procedure described above. After this period, the fish were subjected to venipuncture in
the caudal region using 3 mL syringes and
0.55 9 20 mm needles to collect approximately
0.5 mL blood. Blood glucose levels were assessed
using a digital glucometer (FreeStyle Liteâ; Abbott
Laboratories, North Chicago, IL, USA) and analytical strips (OneTouch Select Life Scan Inc., Milpitas, CA, USA). Class I fish had insufficient blood
volume to obtain samples for analysis; therefore,
they were not analysed. Only three individuals of
class II and no fish of class III died during blood
collection. The alive animals were then transferred to a observation tank, where they were
monitored for 48 h.
Statistical analysis
A preliminary analysis of data normality was performed using the Shapiro–Wilk test. As the data
did not fit the normal Gaussian curve, the anaesthetic induction and recovery times for the tested
compounds were compared statistically using the
Mann–Whitney and Kruskal–Wallis tests. All of
the tests were performed using a 95% confidence
interval with the software Statsoft StatisticaTM version 10.0 (Statsoft Inc., Tulsa, OK, USA).
Results
Concentrations and anaesthetic effects
Even the lowest tested concentrations of both MS222 and propofol were sufficient to induce anaesthetic stages I and II in all individuals. In all cases,
the concentrations that enabled some or all of the
organisms subjected to the tested compounds to
reach anaesthetic stages III and IV were identified.
In class III, none of the fish reached anaesthetic
stage V using propofol. In the other classes, at
least one animal reached this stage but never
more than 30% of the tested specimens. None of
the fish died during the experiment (Table 2).
Behavioural changes were not observed in the
treatment without anaesthetic. None of the fish of
any size class died within 48 h after the anaesthetic recovery period.
© 2015 John Wiley & Sons Ltd, Aquaculture Research, 1–12
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observed for the time required to reach the surgical stage, with individuals heavier than 25 g having a shorter induction time. However, the pattern
was reversed for anaesthetic recovery time, with
the weight of the fish having little influence on the
recovery time, which was heavily influenced by
the concentration of propofol.
There was no significant correlation between
anaesthetic induction and recovery times for fish
submitted to either MS-222 (P = 0.16) or propofol
(P = 0.59).

Influence of individual weight on anaesthetic
induction and recovery times
Anaesthetic induction and recovery times as a
function of individual weight and tested concentrations are shown in Figure 1. Tests with MS-222
revealed that the weight of the animals and tested
concentrations had little effect on the time of
anaesthetic induction to the surgical stage. Anaesthetic recovery time was not affected by the
weight of the animals; however, there was a clear
influence of the tested concentration on animal
recovery time. In general, two groups were
observed: one group involved concentrations of
less than 70 mg L 1 and had a shorter recovery
time; and the other group involved concentrations
between 70 and 90 mg L 1 and had a twofold
recovery time.
For propofol, a minor influence of concentration
and greater influence of individual weight were
Table 2 Concentrations and anaesthetic effects achieved with Astyanax
altiparanae in size classes I (1.5–
5.0 cm), II (5.1–8.0 cm) and III
(longer than 8.0 cm) and the
respective number of individuals
that reached each anaesthetic stage

Optimal concentrations of each anaesthetic
Only the anaesthetic concentrations that achieved
all of the following established criteria with fish of
each size class were selected and comparatively
evaluated: (i) most tested individuals should reach
the stage IV; (ii) no more than 30% of tested individuals could reach the anaesthetic stage V. Of the

Anaesthetic stage
Anaesthetic

Size
class

Concentration
(mg L 1)

MS-222

I

70
75
80
85
90
50
60
70
80
90
50
60
70
80
90
0.21
0.22
0.23
0.24
0.25
0.21
0.22
0.23
0.24
0.25
0.24
0.25
0.26
0.27
0.28

II

III

PROPOFOL

I

II

III

© 2015 John Wiley & Sons Ltd, Aquaculture Research, 1–12

I

II

III

IV

V

Deaths

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

0
1
3
4
10
0
3
2
8
10
0
1
4
10
10
10
10
10
10
10
8
9
9
9
10
0
3
9
10
10

0
0
0
1
7
0
0
0
3
7
0
0
0
9
10
10
9
10
10
10
7
9
9
8
10
0
0
9
7
9

0
0
0
0
1
0
0
0
0
1
0
0
0
0
1
0
0
0
0
2
0
0
0
0
3
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

5

Synthetic anaesthetics on Astyanax altiparanae A Ostrensky et al.

Aquaculture Research, 2015, 1–12

Figure 1 Time required for anaesthetic induction to the surgical stage (left) and anaesthetic recovery time (right)
relative to the concentration and weight of Astyanax altiparanae subjected to MS-222 (top) and propofol (bottom).

five tested concentrations, these prerequisites were
met at MS-222 concentrations ranging from 80 to
90 mg L 1 depending on the fish size class. For
propofol, the prerequisites were met at concentrations ranging between 0.21 and 0.28 mg L 1.
Class I fish exposed to MS-222 had shorter anaesthetic induction times and longer recovery times
at a concentration of 90 mg L 1 compared with
85 mg L 1. For propofol, differences were observed
between the effective concentrations only for the
time of anaesthesia induction (P < 0.05; Fig. 2).
A similar pattern was observed for class II fish;
however, differences (P > 0.05) were not observed
between the times required for induction of fish
exposed to propofol (Fig. 3). For class III fish, there
were no significant differences (P > 0.05) in the
anaesthetic induction or recovery times for any of
the effective concentrations of each anaesthetic
(Fig. 4).
The recommended concentrations of each anaesthetic for the distinct size classes of A. altiparanae

6

were then established based on these results. The
lowest possible concentration that could obtain the
desired effect was always used. The expected time
to reach the stage IV of anaesthesia and recovery
for each of the recommended concentrations are
presented in Table 3.
Blood glucose levels
No significant differences were observed for blood
glucose levels or according to the sex of the individuals in size classes II and III that were subjected
to the different anaesthetic compounds at previously defined optimal concentrations (Table 4).
Discussion
Induction should occur quickly in fish, preferably
within 3–5 min, to minimize hyperactivity reactions or stress (Noga 1996; Ross & Ross 2008).
Recovery should also be quick, preferably within

© 2015 John Wiley & Sons Ltd, Aquaculture Research, 1–12
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Figure 2 Anaesthetic induction (left) and recovery (right) times for Astyanax altiparanae of size class I (1.5–
5.0 cm), which were subjected to MS-222 and propofol and reached the surgical stage of anaesthesia. Different letters indicate significant differences relative to the induction and recovery times for the tested concentrations of the
same anaesthetic.

Figure 3 Anaesthetic induction (left) and recovery (right) times for Astyanax altiparanae of size class II (5.1–
8.0 cm) subjected to MS-222 and propofol that reached the surgical stage of anaesthesia. Different letters indicate
significant differences, when comparing the induction and recovery times for the tested concentrations of the same
anaesthetic.

Figure 4 Anaesthetic induction (left) and recovery (right) times for Astyanax altiparanae of size class III (>8.1 cm)
subjected to MS-222 and propofol that reached the surgical stage of anaesthesia. Different letters indicate significant
differences relative to the induction and recovery times for the tested concentrations of the same anaesthetic.

5–10 min after the animals are transferred to
water free of anaesthetic (Marking & Meyer 1985;
Roubach & Gomes 2001).

© 2015 John Wiley & Sons Ltd, Aquaculture Research, 1–12

The results obtained here suggest that the same
concentration of MS-222 (90 mg L 1) can be used
as an anaesthetic for A. altiparanae regardless of
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Table 3 Optimal concentrations and expected induction and recovery times (s) (median  50%) for size classes I, II
and III of Astyanax altiparanae subjected to MS-222 and propofol
Anaesthetic
MS-222

Propofol

Size class
I (1.5–5 cm)
II (5.1–8.0 cm)
III (>8.1 cm)
I (1.5–5 cm)
II (5.1–8.0 cm)
III (>8.1 cm)

Concentration (mg L 1)

Expected induction time (s)

Expected recovery time (s)

90
90
90
0.22
0.23
0.27

476
469
545.5
508
497
737

320
313
413.5
523
617
568

(454–514)
(443–521)
(403–611)
(434–620.5)
(452–653)
(710–767)

Anaesthetic

Parameter

Variable

n

Blood glucose (mg dL 1)

MS-222

Sex

F
M
II
III
F
M
II
III
F
M
II
III

11
9
10
10
11
9
10
10
13
7
10
10

53.7
69.8
71.5
50.4
65.8
50.4
65.9
61.9
59.6
63.1
66.6
55.1

Class
Propofol

Sex
Class

Control

Sex
Class

Analysis
Anaesthetics
Sex
Class

(
(
(
(
(
(
(
(
(
(
(
(

16.2)†
19.4)
22.6)
15.9)
20.8)
16.8)
22.0)
16.4)
16.5)
23.9)
21.1)
17.4)

P*
0.32
0.08
0.05

(311–394)
(243–325)
(405.5–460)
(490–566)
(501–877)
(485–605)

Table 4 Mean blood glucose level
of the tetra Astyanax altiparanae of
different sexes and size classes (II:
5.1–8.0 cm; and III: >8.1 cm) subjected to MS-222 and propofol at
the optimal concentrations for each
size class

0.08
0.93
0.96

P
0.95
0.09
0.32

*Probability calculated using the non-parametric Kruskal–Wallis test.
†Values in brackets represent the standard error of the respective means.

animal size class. This value is consistent with recommendations for Pagellus bogaraveo of 70 mg L 1
(Maricchiolo & Genovese 2011); Brycon cephalus
(Roubach et al. 2001) and Puntius denisonii of
100 mg L 1 (Mercy, Malika & Sajan 2013).
Roubach, Gomes, Fonseca and Val (2005) and
Zahl, Kiessling, Samuelsen and Hansen (2011)
postulated that because smaller fish have less gill
surface, they should require lower anaesthetic concentrations. This trend was observed in this study
only for the animals of size classes I and III that
were exposed to propofol. However, the trend is
not sufficient to explain the differences between
the propofol concentrations (0.22, 0.23 and
0.27 mg L 1, for size classes I, II and III respectively) recommended here for A. altiparanae and
concentrations (2.5 to 6.99 mg L 1) recommended for Rhamdia quelen (Gressler et al. 2012)
and Carassius auratus (Gholipour & Ahadizadeh
2013). The specimens used in all these studies
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were of similar size; therefore, it indicates that the
difference is species specific.
It is important to note that in this study, the
concentrations recommended for both MS-222
and propofol produced the desired anaesthetic
effects and presented a wide safety margin,
because none of the animals died from exposure to
those concentrations or during the subsequent
48 h.
According to Park, Hur, Im, Seol, Lee and Park
(2008), the exposure time (in addition to the concentration) is essential for anaesthetic effectiveness
because prolonged exposure may increase the
mortality rates in fish. In this study, MS-222
yielded an induction time to the stage IV of anaesthesia of 5.6, which is 26.0% lower than induction time by propofol. The difference was even
greater for anaesthetic recovery time and ranged
from 27.2% to 49.2% depending on the size class.
This indicates a clear advantage of MS-222 over
© 2015 John Wiley & Sons Ltd, Aquaculture Research, 1–12
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propofol, especially in cases where animal handling should be performed as quickly as possible.
However, in specific cases, such as for procedures that require longer anaesthesia time, which
occur in induced reproduction or surgery, a longer
period of anaesthesia may be beneficial and necessary (Prince & Powell 2000). Thus, propofol is
potentially more suitable for such cases.
Another advantage of propofol over MS-222 is
that it can be used in injectable form, which was
described by Fleming et al. (2003), Peyghan et al.
(2008) and Gomułka et al. (2014). However,
because the injectable form requires physical
restraint of the animal and can cause pain, possible injuries and stress, this advantage is relative
and may only be viable for larger fish.
The evaluation of different blood parameters can
be an important tool in determining optimal concentrations of various anaesthetics and may indicate the stress level of fish during handling (Feng,
Zhuang, Zhang, Kynard, Shi, Duan, Liu & Huang
2011). However, the difficulty of obtaining significant amounts of blood from individuals of A. altiparanae, especially those in class I, limited the
blood parameter analysis to glucose.
Blood glucose has become a commonly analysed parameter in studies of fish anaesthesia. Roubach et al. (2001), observed changes in the
glycaemic pattern of juvenile Red-tailed Brycon
(Brycon cephalus) exposed to MS-222 concentrations of 200 and 300 mg L 1. Welker et al.
(2007), subjected Ictalurus punctatus to a twofold
higher MS-222 concentration than what was
used in this study, and the fish also exhibited
changes in blood glucose levels after exposure.
Those studies revealed that high MS-222 concentrations can cause stress in animals and consequently alter the blood glucose level. However,
the increase in glucose levels resulting from exposure to anaesthetic agents can also be described
as a result of greater release of catecholamines
into the bloodstream because of hypoxia caused
by suppression of fish respiration during anaesthesia or as an adaptive response to the stressor
(Iwama, McGeer & Pawluk 1989; Fabbri, Capuzzo
& Moon 1998; Pankhurst 2011).
Gressler, Sutili, DaCosta, Parodi, DaSilva, Koakoski, Barcellos and Baldisserotto (2014), subjected
juvenile catfish Rhamdia quelen to concentrations
of 0.4 and 0.8 mg L 1 of propofol, which are relatively close to those used in this study, and found
no differences in blood glucose levels. However,
© 2015 John Wiley & Sons Ltd, Aquaculture Research, 1–12

Gomułka et al. (2014) evaluated the haematological parameters of individuals of European whitefish
(Coregonus sp.) that were anesthetized with
5 mg L 1 of propofol and concluded that there
were differences in glucose levels after treatments.
Those researchers claimed that procedures that
increase stress in the fish resulted in higher blood
glucose and consequently gluconeogenesis; however, they noted that it is impossible to determine
the intensity or type of handling that significantly
promoted such changes. According to Takahashi,
de Abreu, Biller and Urbinati (2008), factors such
as fish size, sex, and species and the type, intensity
and severity of the stressor may also contribute to
changes in circulating blood glucose levels. However, such factors must be further analysed before
conclusions can be drawn regarding the action of
propofol on the blood homoeostasis of fish anesthetized with this agent.
In this study, however, all of the animals were
exposed to the same handling conditions during
testing and no differences between the sexes or size
classes were observed in terms of blood glucose
levels for any of the anaesthetics. This suggests
that both MS-222 and propofol provide results
that are satisfactory and appropriate for anaesthesia in A. altiparanae. In this case, the choice of
product will depend on the methods by which the
animal will be handled and should consider the
characteristics of the anaesthetic induction and
recovery periods provided by each anaesthetic as
well as factors such as cost and ease of procuring
the product.
Acknowledgments
The authors thank the Brazilian National Council
for Scientific and Technological Development (Conselho Nacional de Desenvolvimento Cientıfico e
Tecnol
ogico – CNPq) for providing a productivity
in research grant to Antonio Ostrensky. They also
thank Dr Ricardo Guilherme D’Otaviano de Castro
Vilani (Laboratory of Veterinary Anaesthesia and
Analgesia (Laborat
orio de Anestesia e Analgesia
Veterin
aria – LABEST/UFPR) for technical support
throughout the study.
References
Andrade D.R., Menin E. & Ribeiro S.P. (1984) Periodicidade da caracterıstica sexual secund
aria em Astyanax
bimaculatus (Linnaeus, 1758) Pisces, Characidae. In:

9

Synthetic anaesthetics on Astyanax altiparanae A Ostrensky et al.

Revista Seiva (ed. by DAESA/UREMG – Diret
orio
Acad^emico da Escola Superior de Agricultura da Universidade Rural do Estado de Minas Gerais, Brasil), pp.
9–12. Universidade Federal de Vicßosa, Vicßosa, MG.
Abstract in Portuguese.
Andrews D.T., Leslie K., Sessler D.I. & Bjorksten A.R.
(1997) The arterial blood propofol concentration preventing movement in 50% of healthy women after
skin incision. Anesthesia and Analgesia 85, 414–419.
APHA (2005a) Standard methods for the examination of
water and wastewater. Method 4500-CO2 C. 21.
APHA (2005b) Standard methods for the examination of
water and wastewater. Method 4500 F. 4-114. 21.
Ashley P.J. (2007) Fish welfare: current issues in aquaculture. Applied Animal Behaviour Science 104, 199–
235.
Barton B.A. (2000) Salmonid fishes differ in their cortisol
and glucose responses to handling and transport stress.
North American Journal of Aquaculture 62, 12–18.
Bertozi J
unior M., Diemer O., Neu D.H., Bittencourt F.,
Boscolo W.R. & Feiden A. (2014) Benzocaine and
eugenol as anesthetic for Pimelodus britskii (‘mandi-pintado’) juveniles. Revista Brasileira de Ci^encias Agrarias
9, 134–138. Abstract in English and Portuguese.
Cardoso J.L. (2012) Efeito do propofol na dose 20 mg/kg
via intracelomatica em r~
as touro Lithobates catesbeianus,
Shaw 1802. In: Programa de Pos-graduacß~ao em Ci^encias
Veterinarias (ed. by Sistemas de Bibliotecas da UFM, MG,
Brasil. Universidade Federal de Uberl^
andia, Minas Gerais, Brasil), pp. 42. Universidade Federal de Uberl^andia,
Uberl^
andia, MG. Abstract in English and Portuguese.
Carter K., Woodley C. & Brown R. (2011) A review of
tricaine methanesulfonate for anesthesia of fish. Reviewes in Fish Biology and Fisheries 21, 51–59.
Delbon M.C. & Ranzani-Paiva M.J.T. (2012) Eugenol em
juvenis de til
apia do nilo: concentracß~oes e administracß~oes sucessivas. Eugenol em juvenis de til
apia do
~es sucessivas. Bole~es e administracßo
nilo: concentracßo
tim do Instituto de Pesca, S~ao Paulo 38, 43–52.
DeTolla L.J., Srinivas S., Whitaker B.R., Andrews C., Hecker B., Kane A.S. & Reimschuessel R. (1995) Guidelines for the care and use of fish in research. ILAR
Journal 37, 159–173.
Fabbri E., Capuzzo A. & Moon T.W. (1998) The role of
circulating catecholamines in the regulation of fish
metabolism: an overview. Comparative Biochemistry and
Physiology Part C: Pharmacology, Toxicology and Endocrinology 120, 177–192.
FDA (1997) ANADA 200-226 Tricaine-S - Original
approval. U.S Food and Drug Administration, Hampton, VA, USA.
Feng G., Zhuang P., Zhang L., Kynard B., Shi X., Duan
M., Liu J. & Huang X. (2011) Effect of anaesthetics
MS-222 and clove oil on blood biochemical parameters
of juvenile Siberian sturgeon (Acipenser baerii). Journal
of Applied Ichthyology 27, 595–599.

10

Aquaculture Research, 2015, 1–12

Fleming G.J., Heard D.J., Floyd R.F. & Riggs A. (2003)
Evaluation of propofol and medetomidine–ketamine for
short-term immobilization of Gulf of Mexico sturgeon
(Acipenser oxyrinchus de Soti). Journal of Zoo and Wildlife
Medicine 34, 153–158.
Gimbo R., Saita M., Goncßalves A. & Takahashi L. (2008)
~o
Diferentes concentracß~
oes de benzocaına na inducßa
anestesica do lambari-do-rabo-amarelo (“Astyanax altiparanae”). Revista Brasileira de Sa
ude e Producß~ao Animal
9, 350–357. Abstract in English and Portuguese.
Gholipour K.H. & Ahadizadeh S. (2013) Use of propofol
as an anesthetic and its efficacy on some hematological values of ornamental fish Carassius auratus. SprigerPlus 2, 2–5.
Gholipour K.H., Mirzargar S.S., Soltani M., Ahmadi M.,
Abrishamifar A., Bahonar A. & Yousefi P. (2011)
Anesthetic effect of tricaine methanesulfonate, clove oil
and electroanesthesia on lysozyme activity of Oncorhynchus mykiss. Iranian Journal of Fisheries Sciences
10, 393–402.
Gomułka P., Wlasow T., Szczepkowski M., Misiewicz L. &
Ziomek E. (2014) The effect of propofol anaesthesia on
haematological and biochemical blood profile of European Whitefish. Turkish Journal of Fisheries and Aquatic
Sciences 14, 331–337.
Gressler L.T., Parodi T.V., Riffel A.P.K., Costa S. & Baldisserotto B. (2012) Immersion anaesthesia with tricaine
methanesulfonate or propofol on different sizes and
strains of silver catfish Rhamdia quelen. Journal of Fish
Biology 81, 1436–1445.
Gressler L.T., Riffel A.P.K., Parodi T.V., Saccol E.M.H.,
Koakoski G., DaCosta S.T., Pavanato M.A., Heinzmann
B.M., Caron B., Schmidt D., Llesuy S.F., Barcellos L.J.G.
& Baldisserotto B. (2014) Silver catfish Rhamdia quelen
immersion anaesthesia with essential oil of Aloysia triphylla (L’Herit) Britton or tricaine methanesulfonate:
effect on stress response and antioxidant status. Aquaculture Research 45, 1061–1072.
Gressler L.T., Sutili F.J., DaCosta S.T., Parodi T.V., DaSilva P^es.T., Koakoski G., Barcellos L.J.G. & Baldisserotto
B. (2014) Hematological, morphological, biochemical
and hydromineral responses in Rhamdia quelen sedated
with propofol. Fish Physiology and Biochemistry 14,
463–472.
Harper C. (2003) Status of clove oil and eugenol for
anesthesia of fish. In: Aquaculture Magazine (ed. by C.G.
Lutz), pp. 41–42. Design Publication International
Inc., San Antonio, TX, USA.
Howard R.S., Finneran J.J. & Ridgway S.H. (2006) Bispectral index monitoring of unihemispheric effects in
dolphins. Anesthesia & Analgesia 103, 626–632.
Hseu J.-R., Yeh S.-L., Chu Y.-T. & Ting Y.-Y. (1998) Comparison of efficacy of five anesthetics in Goldlined Sea
Bream. Sparus sarba. Acta Zoologica Taiwanica 9, 35.
Inoue L.A.K.A., Hackbarth A. & Moraes G. (2004) Ava~o dos anestesicos 2-phenoxyethanol e benzocaına
liacßa

© 2015 John Wiley & Sons Ltd, Aquaculture Research, 1–12

Aquaculture Research, 2015, 1–12

Synthetic anaesthetics on Astyanax altiparanae A Ostrensky et al.

no manejo do matrinx~
a Brycon cephalus (G€
unther,
1869). Biodiversidade Pampeana, PUCRS, Uruguaiana 2,
10–15. Abstract in English and Portuguese.
Iwama G.K., McGeer J.C. & Pawluk M.P. (1989) The
effects of five fish anaesthetics on acid–base balance,
hematocrit, blood gases, cortisol, and adrenaline in
rainbow trout. Canadian Journal of Zoology 67, 2065–
2073.
Jenkins J.A., Bart H.L., Bowker J.D., Bowser P.R., MacMillan J.R., Nickum J.G., Rachlin J.W., Rose J.D., Sorensen
P.W., Warkentine B.E. & Whitledge G.W. (2014)
Guidelines for the use of fishes in research—Revised
and expanded, 2014. Fisheries 39, 415–416.
Kay B. & Rolly G. (1977) I.C.I. 35868, a new intravenous induction agent. Acta Anaesthesiologica Belgica
28, 303–316.
Kreiberg H. (2003) Stress and Anesthesia (ed. by G.K.
Ostrander). Academic Press, London, UK.
Lemm C.A. (1993) Evaluation of Five Anesthetics on
Striped Bass (Morone saxatilis), pp. 17. National Fisheries Research Center, Kearneysville, WV, USA.
Lima L.C., Ribeiro L.C., Leite R.C. & Melo D.C. (2006)
Estresse em peixes. Revista Brasileira de Reproducß~ao Animal, Belo Horizonte, MG 30, 113–117. Abstract in
English and Portuguese.
MacLean R.A., Harms C.A. & Braun-McNeill J. (2008)
Propofol anesthesia in loggerhead (Caretta caretta) sea
turtles. Journal of Wildlife Diseases 44, 143–150.
Maricchiolo G. & Genovese L. (2011) Some contributions
to knowledge of stress response in innovative species
with particular focus on the use of the anaesthetics.
The Open Marine Biology Journal 511, 24–33.
Marking L.L. & Meyer F.P. (1985) Are better anesthetics
needed in fisheries? Fisheries 10, 2–5.
Massone F. (1999) Anestesia veterinaria. Farmacologia e
tecnicas. Guanabara Koogan, Rio de Janeiro/RJ, Brazil.
Mercy T.V.A., Malika V. & Sajan S. (2013) Use of tricaine methanesulfonate (MS-222) to induce anaesthesia in Puntius denisonii (Day, 1865) (Teleostei:
Cypriniformes: Cyprinidae), a threatened barb of the
Western Ghats, India. Journal of Threatened Taxa 5,
4414–4419.
Meyer R.E. & Fish R.E. (2011) Pharmacology of injectable anesthetics, sedatives, and tranquilizers. Anesthesia
and Analgesia in Laboratory Animals (2nd edn.), 27–82.
Miller R.D. & Eriksson L.I. (2009) Miller’s Anesthesia.
Churchill Livingstone/Elsevier, London, UK.
Miller S.M., Mitchell M.A., Heatley J.J., Wolf T., Lapuz F.,
Lafortune M. & Smith J.A. (2005) Clinical and cardiorespiratory effects of propofol in the spotted bamboo
shark (Chylloscyllium plagiosum). Journal of Zoo and
Wildlife Medicine 36, 673–676.
Navarro R.D., Silva R.F., Ribeiro-Filho O.P., Calado L.L.,
Rezende F.P., Silva C.S. & Santos L.C. (2006) Comparacß~ao morfometrica e ındices somaticos de machos e
f^emeas do lambari prata (Astyanax scabripinnis Jerenyns,

© 2015 John Wiley & Sons Ltd, Aquaculture Research, 1–12

1842) em diferente sistema de cultivo. Zootecnia Tropical
24, 165–176. Abstract in English and Portuguese.
Noga E.J. (1996) Fish Disease: Diagnosis and Treatment.
(1st edn). Wiley, Mosby, St Louis, MO, USA.
Nordgreen J., Tahamtani F.M., Janczak A.M. & Horsberg
T.E. (2014) Behavioural effects of the commonly used
fish anaesthetic tricaine methanesulfonate (MS-222)
on Zebrafish (Danio rerio) and its relevance for the acetic acid pain test. PLoS ONE 9, e92116.
Overturf K. (2009) Convergence of aquaculture and
molecular biology. In: Molecular Research in Aquaculture, pp. 1–13. Wiley-Blackwell, London, UK.
Palic D., Herolt D.M., Andreasen C.B., Menzel B.W. &
Roth J.A. (2006) Anesthetic efficacy of tricaine methanesulfonate, metomidate and eugenol: effects on
plasma cortisol concentration and neutrophil function
in fathead minnows (Pimephales promelas Rafinesque,
1820). Aquaculture 254, 675–685.
Pankhurst N.W. (2011) The endocrinology of stress in
fish: an environmental perspective. General and Comparative Endocrinology 170, 265–275.
Park M.O., Hur W.J., Im S.-Y., Seol D.-W., Lee J. &
Park I.-S. (2008) Anaesthetic efficacy and physiological responses to clove oil-anaesthetized kelp grouper
Epinephelus bruneus. Aquaculture Research 39, 877–
884.
Pedrazzani A.S. & Ostrensky A. (2014) The anaesthetic
effect of camphor (Cinnamomum camphora), clove (Syzygium aromaticum) and mint (Mentha arvensis) essential
oils on clown anemonefish, Amphiprion ocellaris (Cuvier
1830). Aquaculture Research 45, 1–8.
Peyghan R., Papahn A.A., Nadaf H. & Ebadi A. (2008)
Anesthesia with propofol in grass carp, Ctenopharyngodon idella, and its effects on electrocardiogram, blood
gases and pH. Iranian journal of veterinary surgery 3,
9–18.
Prince A. & Powell C. (2000) Clove oil as an anaesthetic
for invasive field procedures on adult rainbow trout.
North American Journal of Fisheries Management 20,
1029–1032.
Quesada R.J., Smith C.D. & Heard D.J. (2011) Evaluation
of parenteral drugs for anesthesia in the blue crab (Callinectes sapidus). Journal of Zoo and Wildlife Medicine 42,
295–299.
Readman G.D., Owen S.F., Murrell J.C. & Knowles T.G.
(2013) Do fish perceive anaesthetics as aversive? PLoS
ONE 8, e73773.
Ribeiro P.A.P., de Melo D.C., do Espirito Santo A.H., de
Souza e Silva W., Santos A.E.H. & Luz R.K. (2013) Tricaine as an anaesthetic for larvae and juveniles of Lophiosilurus alexandri, a carnivorous freshwater fish.
Aquaculture Research 46, 1–5.
Roberts H.E. (2009) Fundamentals of Ornamental Fish
Health. Wiley, London, UK.
Rombough P.J. (2007) Ontogenetic changes in the toxicity and efficacy of the anaesthetic MS-222 (tricaine

11

Synthetic anaesthetics on Astyanax altiparanae A Ostrensky et al.

methanesulfonate) in zebrafish (Danio rerio) larvae.
Comparative Biochemistry and Physiology Part A: Molecular & Integrative Physiology 148, 463–469.
Ross L.G. & Ross B. (2008) Anaesthetic and Sedative Techniques for Aquatic Animals, pp. i–xv. Blackwell Publishing Ltd., Oxford, UK.
Roubach R. & Gomes L. (2001) Uso de anestesicos durante o manejo de peixes. In: Panorama da Aq€
uicultura
(ed. by J.C. Filho), pp. 37–40. Panorama da Aquicultura LTDA, Rio de Janeiro, RJ, Brazil.
Roubach R., Gomes L. & Val A. (2001) Safest level of tricaine methanesulfonate (MS-222) to induce anesthesia
in juveniles of matrinx~
a Brycon cephalus. Acta Amazonica 31, 159–163.
Roubach R., Gomes L.C., Fonseca F.A.L. & Val A.L.
(2005) Eugenol as an efficacious anaesthetic for tambaqui, Colossoma macropomum (Cuvier). Aquaculture
Research 36, 1056–1061.
Sawyer D. (2008) The Practice of Veterinary Anesthesia:
Small Animals, Birds, Fish and Reptiles. Teton NewMedia, Incorporated, Jackson, WY, USA.
Sladky K.K., Swanson C.R., Stoskopf M.K., Loomis M.R.
& Lewbart G.A. (2001) Comparative efficacy of tricaine
methanesulfonate and clove oil for use as anesthetics
in red pacu (Piaractus brachypomus). American Journal
of Veterinary Research 62, 337–342.
Sneddon L.U. (2012) Clinical anesthesia and analgesia in
fish. Journal of Exotic Pet Medicine 21, 32–43.
Stockman J., Weber E.I., Kass P.H., Pascoes P.J. & PaulMurphy J. (2012) Physiologic and biochemical measurements and response to noxious stimulation at various concentrations of MS-222 in Koi (Cyprinus carpio).
Veterinary Anaesthesia and Analgesia 40, 35–47.
Takahashi L.S., de Abreu J.S., Biller J.D. & Urbinati E.C.
(2008) Efeito do ambiente p
os-transporte na recuperacß~ao dos indicadores de estresse de pacus juvenis,

12

Aquaculture Research, 2015, 1–12

Piaractus mesopotamicus. Acta Scientiarum. Animal Sciences 28, 469–475. Abstract in English and Portuguese.
Taylor P.W. & Roberts S.D. (1999) Clove oil: an alternative anaesthetic for aquaculture. North American Journal of Aquaculture 61, 150–155.
Topic Popovic N., Strunjak-Perovic I., Coz-Rakovac R.,
Barisic J., Jadan M., Persin Berakovic A. & Sauerborn
Klobucar R. (2012) Tricaine methane-sulfonate (MS222) application in fish anaesthesia. Journal of Applied
Ichthyology 28, 553–564.
Valencßa-Silva G., Braz M.G., Barreto R.E., Salvadori
D.M.F. & Volpato G.L. (2014) Low dose of the anesthetic propofol does not induce genotoxic or mutagenic
effects in Nile tilapia. Transactions of the American Fisheries Society 143, 414–419.
Velasco-Santamarıa Y.M., Palacios-Ruiz C. & Cruz-Casallas P.E. (2008) Eficiencia anestesica de 2-fenoxietanol,
benzocaina, quinaldina y metasulfonato de tricaina en
alevinos y juveniles de cachama blanca (Piaractus brachypomus). Revista MVZ Cordoba 13, 1335–1445.
Abstract in English and Spanish.
Welker T., Lim C. & Yildirim-Aksoy M. (2007) Effect of
buffered and unbuffered tricaine methanesulfonate
(MS-222) at different concentrations on the stress
responses of channel catfish, Ictalurus punctatus. Journal
of Applied Aquaculture 19, 1–18.
Zahl I.H., Kiessling A., Samuelsen O.B. & Hansen M.K.
(2011) Anaesthesia of Atlantic halibut (Hippoglossus
hippoglossus) Effect of pre-anaesthetic sedation, and
importance of body weight and water temperature.
Aquaculture Research 42, 1235–1245.
Zahl I.H., Kiessling A., Samuelsen O.B. & Olsen R.E.
(2010) Anesthesia induces stress in Atlantic salmon
(Salmo salar), Atlantic cod (Gadus morhua) and Atlantic
halibut (Hippoglossus hippoglossus). Fish Physiology and
Biochemistry 36, 719–730.

© 2015 John Wiley & Sons Ltd, Aquaculture Research, 1–12

