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Abstract

The transport of live fish is a routine practice in aquaculture and constitutes a considerable source of stress to the
animals. The addition of anesthetic to the water used for fish transport can prevent or mitigate the deleterious effects of
transport stress. This study investigated the effects of the addition of eugenol (EUG) (1.5 or 3.0 uL L) and essential oil
of Lippia alba (EOL) (10 or 20 uL L") on metabolic parameters (glycogen, lactate and total protein levels) in liver and
muscle, acetylcholinesterase activity (AChE) in muscle and brain, and the levels of protein carbonyl (PC), thiobarbituric
acid reactive substances (TBARS) and nonprotein thiol groups (NPSH) and activity of glutathione-S-transferase in the
liver of silver catfish (Rhamdia quelen; Quoy and Gaimard, 1824) transported for four hours in plastic bags (loading
density of 169.2 g L"). The addition of various concentrations of EUG (1.5 or 3.0 pL L") and EOL (10 or 20 uL L")
to the transport water is advisable for the transportation of silver catfish, since both concentrations of these substances
increased the levels of NPSH antioxidant and decreased the TBARS levels in the liver. In addition, the lower liver
levels of glycogen and lactate in these groups and lower AChE activity in the brain (EOL 10 or 20 pL L") compared
to the control group indicate that the energetic metabolism and neurotransmission were lower after administration of
anesthetics, contributing to the maintenance of homeostasis and sedation status.

Keywords: anesthetic, metabolism, stress, fish transportation.

Parametros bioquimicos do jundia (Rhamdia quelen) apés transporte com
eugenol ou dleo essencial de Lippia alba adicionado a agua

Resumo

O transporte de peixes vivos ¢ uma pratica rotineira na aquicultura e constitui uma fonte consideravel de estresse para os
animais. A adigdo de anestésicos na agua utilizada para o transporte de peixes pode prevenir ou mitigar os efeitos nocivos
do estresse de transporte. Este estudo investigou os efeitos da adi¢do de eugenol (EUG) (1,5 ou 3,0 mL L) e 6leo essencial
de Lippia alba (OEL) (10 ou 20 mL L") em pardmetros metabolicos (niveis de glicogénio, lactato e proteina total) no
figado e musculos, a atividade da acetilcolinesterase (AChE) no musculo e no cérebro, ¢ os niveis de proteina carbonil
(PC), 4cido tiobarbitirico (TBARS) e grupos tidis ndo proteicos (NPSH) e atividade da glutationa-S-transferase no figado
de jundias (Rhamdia quelen; Quoy e Gaimard, 1824) transportados por quatro horas em sacos plasticos (densidade de
carga de 169,2 g L ™). A adigdo de varias concentragdes de EUG (1,5 ou 3,0 mL L) e OEL (10 ou 20 mL L) na 4gua de
transporte ¢ aconselhavel para o transporte do jundia, uma vez que ambas concentragdes destas substancias aumentaram os
niveis do antioxidante NPSH e diminuiram os niveis de TBARS no figado. Além disso, os niveis mais baixos de glicogénio
e lactato no figado destes grupos e menor atividade de AChE no cérebro (EOL 10 ou 20 mL L") em comparag¢do com
o grupo controle indicam que o metabolismo energético e neurotransmissdo foram menores apds a administragdo dos
anestésicos, contribuindo para a manutengdo do estado de homeostase ¢ sedag@o.

Palavras-chave: anestésico, metabolismo, estresse, transporte de peixes.
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1. Introduction

During stressful situations, such as transport, fish
demand greater amounts of energy, which can be obtained
from glycogenolysis, gluconeogenesis and increases
in protein turnover (Mommsen et al., 1999; Pankhurst,
2011). The use of anesthetics at sedative concentrations
during fish transport could be an important tool to reduce
sensitivity to stimuli, swimming time and stress (Ross and
Ross, 2008; Zahl et al., 2010).

The metabolic and antioxidant responses of fish
exposed to anesthetics have been scarcely investigated
(Azambujaetal.,2011; Becker etal., 2012, 2016; Salbego et al.,
2014, 2015; Toni et al., 2015). Transportation in closed
systems leads to changes in the metabolic state of fish
and may lead to oxidative damage through the production
of reactive oxygen species (ROS). The increase in ROS
production often results in lipid peroxidation (which can
be measured by thiobarbituric acid-reactive substances
(TBARS) concentration), protein damage and decreased
antioxidant protection. ROS may spontaneously react with
nucleophilic centers in the cell and also covalently bind to
DNA, RNA and protein (Matés, 2000). Oxidized proteins
can also form carbonyl groups (PC), which represent a
marker of oxidative damage.

In order to protect against oxidative stress, organisms
have developed antioxidant defenses (Goyal et al., 2013)
which include enzymes such as superoxide dismutase
and catalase (Salbego et al., 2014, 2015). In addition,
glutathione-S-transferase (GST) is an important detoxifying
enzyme that is frequently induced under adverse conditions,
such as poisoning. Activation of non-enzymatic antioxidant
defenses, such as non-protein thiol groups (NPSH), are also
important to aquatic organisms (Salbego etal., 2014, 2015).

Acetylcholinesterase (AChE) is an enzyme present
in cholinergic synapses and at motor end plates, which
is responsible for degrading acetylcholine (ACh) at the
synaptic level, and is extremely important for many
physiological functions in fish (Blenau et al., 2012;
Salbego et al., 2014). The effect of anesthetics on AChE
activity is poorly documented (Mazzanti et al., 1986;
Lintern et al., 2000). Although a relationship between
Ach activity and anesthesia has emerged (Hudetz et al.,
2003; Leung et al., 2011), to our knowledge the effects
of anesthetic products on the cholinergic system of fish
are still poorly understood.

Eugenol (EUG) (4-allyl-2-metoxy-phenol), the main
component of clove oil, is a well-studied anesthetic for fish
(Roubach et al., 2005; Gongalves et al., 2008; Cunha et al.,
2010a; Becker et al., 2012; Parodi et al., 2012). Some recent
studies have demonstrated that the essential oil of Lippia
alba (EOL) (Mill.) N.E. Brown is also a suitable anesthetic
and/or sedative for aquatic animals (Cunha et al., 2010b;
Parodi et al., 2012; Salbego et al., 2014; Becker et al.,
2016; Toni et al., 2015). Both extracts have been shown
to be effective in minimizing the effects of transport stress
in some fish species when added to the water during
transportation (Cooke et al., 2004; Azambuja et al., 2011;
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Becker et al., 2012, 2016); however, the efficacy of EOL
in altering biochemical parameters and oxidative stress
apparently depends on the concentration administered
(Salbego et al., 2014) and analysis of the effect of EUG
on biochemical parameters after stress is limited. Thus,
the aim of this study was to investigate the effects of EUG
and EOL (at concentrations able to induce only sedation
in fish) on metabolic responses and AChE activity, as
well as to analyze the oxidative parameters (TBARS and
PC levels) and enzymatic (GST) antioxidant activity in
silver catfish after four hours of transport. The silver catfish
was chosen because it is the main native species raised in
fish cultures of southern Brazil (Baldisserotto et al., 2010;
Villares Junior and Goitein, 2015).

2. Material and Methods

2.1. Experimental procedure

Fish (weight: 301.24 £21.40 g; length: 28.90 + 1.30 cm)
were transported in closed plastic bags containing 7 L of water
and 8 L of pure oxygen, at a loading density of 169.2 g L!
for four hours. Fish were divided into five treatment groups
(in triplicate, n = 12 per group), each receiving one of the
following treatments: control (water only), 1.5 or 3.0 uL L™
EUG (Odontofarma®, Porto Alegre, Brazil), or 10 or 20 uL
L' EOL (this oil was obtained according to Salbego et al.,
2014). These compounds were first diluted in ethanol
(1:10). The concentrations used in this study have been
previously shown to cause only sedation in silver catfish
(Beckeretal., 2012; Salbego et al., 2014). Water parameters
were monitored before and after transport, as described in
Salbego et al. (2014), with the overall values (mean + SEM)
at the end of transport as follows: dissolved oxygen
(8.29+0.98 mg L"), carbon dioxide (58.13+2.51 mg L),
alkalinity (30.89 + 2.09 mg CaCO, L"), water hardness
(22.78+1.64 mg CaCO, L"), pH (6.07 £ 0.07), temperature
(26.33 +0.81 °C), total ammonia nitrogen (3.21 £0.16 mg
L") and unionized ammonia (0.0023 £ 0.0002 mg L™).
The water quality parameters during transport remained
within the recommended values for this species, as
previously reported by Salbego et al. (2014).

After transport, fish were euthanized by spinal cord
section and tissues (brain, muscle and liver) were carefully
removed, placed on ice and then stored at —20 C for
one week until analysis of the biochemical parameters.
The methodology of this experiment was approved by the
Ethical and Animal Welfare Committee of the Universidade
Federal de Santa Maria (Process n° 046/2010).

2.2. Metabolic parameters

Portions of liver and muscle tissues were weighed
and homogenized with a TURRAX type homogenizer
(Marconi Equipment for Laboratory Industry Ltd.). Tissues
were homogenized in 1 mL of 10% TCA (trichloroacetic
acid) to obtain an acid deproteinized extract which was
used to measure lactate concentrations and 1 mL of 6N
KOH was then added to the homogenate and the mixture
was placed in a water bath to obtain a basic extract, from
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which protein and glycogen concentrations were measured.
The homogenates were then centrifuged at 3,000 g for 5 min
and were used for determination of glycogen (Dubois et al.,
1956), lactate (Harrower and Brown, 1972) and total protein
concentrations (Lowry et al., 1951).

2.3. Acetylcholinesterase (AChE) assay

The AChE (E.C. 3.1.1.7) activity was measured using
the method described by Ellman et al. (1961). Brain and
muscle tissues (30 mg) were weighed and homogenized
in a Potter Elvejhem glass/Teflon homogenizer with
50 mM sodium phosphate buffer, pH 7.2, and 1% Triton
X-100. The homogenate was then centrifuged for 10 min
at 3,000 x g at 5 °C and activity was measured in the
supernatant. Aliquots of supernatant (50 pL for brain and
100 pL for muscle) were incubated at 30 °C for 2 min with a
solution containing 0.1 M sodium phosphate buffer, pH 7.5,
and 1 mM DTNB. After the incubation period, the reaction
was initiated by the addition of acetylthiocoline (0.5 mM).
The final volume of the whole reaction was 2.0 mL. The
absorbance at 412 nm was measured for 2 min using
a spectrophotometry (Femto Scan spectrophotometer).

2.4. Oxidative parameters

The protein carbonyl (PC) levels in the liver were
determined using the method described by Yan et al. (1995),
with some modifications. Hepatic tissue was homogenized
in 10 volumes (w/v) of 10 mM Tris-HCI buffer, pH 7.4,
using a glass homogenizer. Soluble protein (1 mL) was
reacted with 10 mM DNPH in 2N hydrochloric acid
(0.2 mL). After incubation at room temperature for 1 h in
the dark, 0.5 mL of denaturing buffer (150 mM sodium
phosphate buffer, pH 6.8, containing 3.0% SDS), 2.0 mL
of heptane (99.5%), and 2.0 mL of ethanol (99.8%) were
added sequentially, homogenized with a TURRAX type
homogenizer for 40 s, and centrifuged at 10,000 x g
for 15 min. The protein isolated from the interface was
then washed two times by resuspension in ethanol/ethyl
acetate (1:1) and suspended in 1 mL of denaturing buffer.
The absorbance of each DNPH sample was measured at
370 nm in a spectrophotometer and compared with the
corresponding blank sample, and total carbonylation
was calculated using a molar extinction coefficient of
22,000 M cm™.

The oxidative damage to lipids was estimated using
the TBARS assay measured according to Buege and Aust
(1978). Aliquots of supernatant (0.25 mL) from liver were
mixed with 10% TCA (0.25 mL) and 0.67% thiobarbituric
acid (0.5 mL) and adjusted to a final volume of 1.0 mL.
The reaction mixture was placed in a microcentrifuge
tube and incubated for 15 min at 95 °C. After cooling,
the mixture was centrifuged at 5,000 x g for 15 min,
and the optical density was measured at 532 nm using a
spectrophotometer.

2.5. Protein determination

The protein levels were spectrophotometrically estimated
by the method of Bradford (1976), using bovine serum
albumin as a standard.

698

2.6. Enzymatic and nonenzymatic parameters

Glutathione-S-transferase (GST) activity in the liver
was measured according to Habig et al. (1974) using
1-chloro-2,4-dinitrobenzene (CDNB) as a substrate.
CDNB (0.15 mL) was added to a mixture containing
2.5 mL potassium phosphate buffer (20 mM, pH 6.5),
0.3 mL reduced glutathione (10 mM) and 0.05 mL of
homogenate. The formation of S-2,4-dinitrophenyl
glutathione was monitored by the increase in absorbance
at 340 nm compared to the blank (containing all reaction
ingredients but no sample). The extinction coefficient used
for CDNB was 9.6 mM cm™.

The content of nonprotein thiol groups (NPSH) in the
liver was indirectly determined by the colorimetric method
of Ellman (1959). An aliquot of the hepatic supernatant
(1.0 mL) was mixed with 10% TCA (1.0 mL) followed by
centrifugation. Supernatants (0.25 mL) were then mixed
with 10 mM 5,5'-dithio-bis(2-nitrobenzoic acid) (DTNB;
0.05 mL) and 0.5 mM phosphate buffer, pH 6.8 (0.7 mL).
The optical density of the reaction product was read at 412
nm on a spectrophotometer.

2.7. Statistical analysis

All data are represented as mean = SEM. Homogeneity
of variances was tested using the Levene test. Data that
presented homogeneous variances were compared by
one-way ANOVA and Tukey’s test. Nonparametric data
were analyzed by Kruskal-Wallis and comparisons of
mean ranks. Analyses were performed using the software
Statistica, version 7.0 (StatSoft, Tulsa, OK), and the
minimum significance level was set at P <0.05.

3. Results

No mortality was observed in this experiment after
four hours of transport. Glycogen and lactate levels
in the liver and muscle were significantly lower in all
groups transported with EUG and EOL compared to the
control group. The total protein values were higher in both
tissues of fish transported with EUG and only in muscle
of fish transported with 20 uL. L' EOL when compared
to the control fish (Table 1). Brain AChE activity was
significantly lower in fish transported under all tested
concentrations of EUG and EOL compared to the control
group, but muscle AChE activity was significantly lower
only in fish transported with 1.5 pL L' EUG compared
to control fish (Figure 1).

In the liver, PC (Figure 2A) and NPSH (Figure 3A)
levels were significantly higher in fish transported with
EUG and EOL, while TBARS levels (Figure 2B) were
significantly lower in these groups compared to the
control. Liver GST activity was significantly lower in fish
transported with both EUG concentrations compared to
control fish (Figure 3B).

4. Discussion

Housing of silver catfish in water containing eugenol
and essential oil of Lippia alba at sedative concentrations is
sufficient to improve some physiological indicators during
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Table 1. Metabolites in tissues of silver catfish, Rhamdia quelen, after transport (four hours) with eugenol (EUG) or essential

oil of Lippia alba (EOL) added to the water.

Tissues Treatments
Metabolites Control EUG (1.5puL L") EUG 3.0pnLL') EOL10uLL"') EOLQ0uLL™)

Liver

Glycogen 30.61 £ 1.59° 16.76 £ 0.92° 14.87 £ 0.79° 15.22 £0.30° 14.80 £ 0.58°
Lactate 17.84 £0.30° 12.24 £0.36° 7.27 £0.18¢ 6.51 £0.22¢ 6.64 +£0.16¢
Protein 186.25 +£7.07¢ 252.05+£9.07° 319.00 +£4.22* 195.12 + 8.50° 199.25 £ 8.11°¢
Muscle

Glycogen 7.24 +£0.13% 4.27£0.15° 3.86 +0.08% 3.54+£0.12¢ 3.61 £0.04¢
Lactate 21.50+0.31° 17.35+0.23° 15.74 £ 0.20¢ 17.31 £0.25° 15.86 £ 0.36°
Protein 85.37£4.22¢ 139.50 + 3.85° 151.00 £ 1.86® 90.44 £4.01° 153.62 +£2.76

Values are expressed as mean + SEM (n = 12 per treatment). Different letters in the rows indicate significant difference between
treatments (one-way ANOVA and Tukey’s test; P<0.05). Glycogen and lactate were expressed in pmol g tissue™'. Protein was

expressed in mg protein g tissue™.
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Figure 1. Brain and muscle AChE activity of silver catfish,
Rhamdia quelen, after four hours of transportation in water
containing eugenol (EUG) and essential oil of Lippia alba
(EOL). Values are presented as mean = SEM. Different
letters indicate significant differences between treatments
for the same tissue (one-way ANOVA and Tukey’s test;
P<0.05).

transport (Azambuja et al., 2011; Becker et al., 2012).
Our results demonstrated that silver catfish transported in
water containing EUG and EOL showed lower glycogen
levels in both liver and muscle tissue. This finding suggests
that higher amounts of glycogen were broken down in order
to supply energy during transport in the presence of these
anesthetics. In the current study, the addition of EUG and
EOL to the transport water prevented the increase in lactate
levels observed in control silver catfish tissues, suggesting
areduction in anaerobic metabolism under these sedating
conditions. Matrinxa (Brycon amazonicus) anesthetized
with benzocaine or 2-phenoxyethanol or transported in
water containing clove oil also presented lower lactate
levels (Inoue et al., 2004, 2005). The results of the present
study suggest that the addition of EUG and EOL may
reduce oxygen consumption, ultimately improving the
physiological condition of fish during transport.
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Figure 2. Protein carbonyl (PC) (A) and TBARS levels
(B) in the liver of silver catfish, Rhamdia quelen, after four
hours of transportation in water containing eugenol (EUG)
and essential oil of Lippia alba (EOL). Values are presented
as mean += SEM. Different letters indicate significant
differences between treatments for the same tissue (one-way
ANOVA and Tukey’s test; P<0.05).

Stress negatively affects protein metabolism, inhibiting
the synthesis and stimulating the catabolism of proteins
(Mommsen et al., 1999; Becker et al., 2016; Salbego et al.,
2015; Toni et al., 2015). The addition of EUG and EOL
to the water during silver catfish transport likely reduced
protein catabolism, since protein levels were higher in the
muscle and liver than in control group at the end of transport.
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Figure 3. Nonprotein thiol group (NPSH) (A) levels and
glutathione-S-transferase (GST) (B) activity in the liver
of silver catfish, Rhamdia quelen, after four hours of
transportation in water containing eugenol (EUG) and
essential oil of Lippia alba (EOL). Values are presented
as mean + SEM. Different letters indicate significant
differences between treatments for the same tissue (one-way
ANOVA and Tukey’s test; P<0.05).

The addition of EUG and EOL to the transport water
decreased AChE activity in the brains of silver catfish.
The inhibitory effect of EOL was expected since the
main compound present in this chemotype is linalool
(Vale et al., 1999, 2002), which has been shown to inhibit
AChE in insects (Blenau et al., 2012) and in the electric
eel, Electrophorus electricus (Lopez et al., 2015). EUG
has also been shown to inhibit AChE in the electric eel
(Lopez et al., 2015). Based on our results, it appears that
the effects of these compounds on AChE activity in brain
and muscle apparently depend on the concentration of the
anesthetic in the tissue, because the higher the EOL and EUG
concentration, the lower the brain AChE activity. However,
transport of silver catfish in higher concentrations of EOL
(30-40 pL L") did not alter brain AChE activity compared
to control group (Salbego et al., 2014) and in the present
study the lowest EUG concentration tested significantly
decreased muscle AChE activity, while the highest did not.
Therefore, it seems that there are specific concentration
ranges of EOL and EUG that are effective in altering AChE
activity. The activity of this enzyme was lower in rat brain
anesthetized with ketamine (Mazzanti et al., 1986) and in
hippocampus and midbrain of guinea pigs after anesthesia
with halothane (Lintern et al., 2000), but did not change
in brain and muscle of silver catfish anesthetized with the
essential oil of Aloysia gratissima (Benovit et al., 2015).

Protein carbonyl content is actually the most commonly
used marker of protein oxidation (Almroth et al., 2005;
Salbego et al., 2014, 2015). In this study, silver catfish
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transported with EUG and EOL showed higher PC content
than control fish, indicating higher protein oxidation.
However, the addition of EUG and EOL to the transport
water protected against oxidative damage of lipids, since
TBARS levels were lower in the liver of silver catfish
transported with both compounds than those transported
in only water. The attenuation of oxidative damage may
also be favored by the efficiency of the antioxidant defense
system (Goyal et al., 2013). Increases in NPSH levels
attenuate oxidative stress (Ungvari et al., 2009; Yonar,
2012; Salbego et al., 2014, 2015) and the higher NPSH
content in the liver of fish after transport in EUG— and
EOL—containing water may have prevented lipid damage.
On the other hand, GST activity was lower in the liver of
silver catfish transported with EUG, while the addition of
EOL did not affect the activity of this enzyme. As observed
with AChE activity, the effects of both anesthetics on
oxidative stress parameters were dependent on the
concentration used. In the present study, the effects of EOL
on NPSH, TBARS and PC levels in the liver were higher
than control at the highest concentration tested. The EUG
concentration affected only the PC levels in the liver. Ina
previous study, TBARS levels were lower in the liver of
silver catfish transported for 6 h in water containing 10 pLL
L' EOL when compared to fish transported without EOL
(Azambuja et al., 2011). Silver catfish pre-sedated with
EOL and transported in water containing 30-40 pL L'
EOL presented some advantages (lower body ion loss
and ammonia excretion) compared to the control group
(Becker et al., 2016), but those transported in 30 pL L'
EOL (but not those transported in 40 pLL L' EOL) showed
higher TBARS and PC levels in the liver than control fish
(Salbego et al., 2014). The use of EUG for transport of
silver catfish at the concentrations tested in the present
study reduced oxidative stress in these fish. This finding
is in agreement with the recommendation of its use in
the transport of silver catfish at these concentrations by
Becker et al. (2012).

In conclusion, the addition of EUG and EOL to the
transport water improved the oxidative status of silver
catfish, as evidenced mainly by lower TBARS and higher
NPSH levels, compared to controls. The analyzed tissues
received a sufficient supply of oxygen during transport,
since anaerobic metabolism was reduced and no protein
catabolism was observed. Both anesthetics reduced brain
ACHE activity at the concentrations tested. Therefore, the
addition of EUG (1.50r3.0 uL L") or EOL (10 0r20 pL L)
to the water is advisable when transporting silver catfish.
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