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The essential oil from Lippia alba induces biochemical stress in the silver

catfish (Rhamdia quelen) after transportation

Joseania Salbego', Alexssandro G. Becker!, Jamile F. Gongalves', Charlene C. Menezes?,
Clarissa G. Heldwein®, Rosélia M. Spanevello*, Vania L. Loro?, Maria Rosa C.
Schetinger?, Vera M. Morsch?, Berta M. Heinzmann® and Bernardo Baldisserotto'

This study investigated the effects of the essential oil (EO) from Lippia alba on biochemical parameters related to oxidative
stress in the brain and liver of silver catfish (Rhamdia quelen) after six hours of transport. Fish were transported in plastic bags
and divided into three treatments groups: control, 30 uL L' EO from L.alba and 40 uL L' EO from L.alba. Prior to transport, the
fish were treated with the EO from L. alba (200 pL L™ for three minutes), except for the control group. Fish transported in bags
containing the EO did not have any alterations in acetylcholinesterase, ecto-nucleoside triphosphate diphosphohydrolase
and 5’ nucleotidase activity in the brain or superoxide dismutase activity in the liver. The hepatic catalase (CAT), glutathione-
S-transferase (GST), glutathione peroxidase (GPx), nonprotein thiol and ascorbic acid levels were significantly lower compared
to the control group. However, the hepatic thiobarbituric acid-reactive substances, protein oxidation levels and the lipid
peroxidation/catalase+glutathione peroxidase (LPO/CAT+GPx) ratio were significantly higher in fish transported with both
concentrations of the EO, indicating oxidative stress in the liver. In conclusion, considering the hepatic oxidative stress
parameters analyzed in the present experiment, the transport of previously sedated silver catfish in water containing 30 or 40
puL L' of EO from L. alba is less effective than the use of lower concentrations.

Este estudo investigou os efeitos do dleo essencial (OE) de Lippia alba sobre parametros bioquimicos relacionados ao
estresse oxidativo em cérebro e figado de jundia (Rhamdia quelen), apds seis horas de transporte. Os peixes foram transportados
em sacos plasticos e divididos em trés tratamentos: controle, 30 uL L' e 40 uL L' de OE de L.alba. Antes do transporte, os
peixes foram tratados com o OE de L. alba (200 uL L' por trés minutos), exceto para o grupo controle. Os peixes transportados
em sacos contendo o OE ndo tiveram alteragdes na atividade da acetilcolinesterase (AChE), ecto-nucleosideo trifosfato
difosfohidrolase (NTPDase) ¢ 5’nucleotidase, em cérebro ou superdxido dismutase (SOD) no figado. O tiol ndo proteico
(NPSH), os niveis de acido ascorbico, catalase (CAT), glutationa-S-transferase (GST) e glutationa-peroxidase (GPx) hepaticos,
foram significativamente mais baixos em comparagdo com o grupo controle. No entanto, as substancias reativas ao acido
tiobarbiturico (TBARS), os niveis de oxidagdo proteica ¢ a taxa de peroxidacao lipidica/catalase+glutationa peroxidase (LPO/
CAT+GPx) foram significativamente maiores nos peixes transportados com ambas as concentragdes de OE, indicando estresse
oxidativo no figado. Em conclusdo, considerando os parametros de estresse oxidativo do figado analisados no presente
experimento, o transporte de jundias previamente sedados em agua contendo 30 ou 40 uL L' de OE de L.alba é menos efetivo
que utilizando concentragdes menores.
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Introduction

The transportation of fish in Brazil involves the use of
plastic bags. This system has limitations, such as a finite
oxygen supply and the build-up of ammonia and carbon dioxide
levels (Golombieski et al., 2003; Carneiro et al., 2009; Becker
et al., 2012). Generally, fish farmers add pure oxygen to the
plastic bags prior to transport, which can cause variations in
the dissolved oxygen levels, depress the metabolic rate and
provoke blood flow rearrangement and effective methods of
energy production (Nilsson & Renshaw, 2004).

The acetylcholinesterase (AChE) is an important regulatory
enzyme, which hydrolyses acetylcholine, a neurotransmitter
with important role in the regulation of cognitive functions,
mainly found in the brain, muscles, erythrocytes and
cholinergic neurons. AChE besides cholinergic transmission
is related to several non-cholinergic actions such as responses
to stress situations. Stress can increase due to free radicals
which impair enzyme function (Gutierres ef al., 2012, 2014)
and lead to disorders in locomotion (Blenau ef al., 2012) and
fish erratic swimming (Salbego et al., 2010).

Adenosine triphosphate (ATP) is the primary intracellular
energy source is which is also one of the most important
neurotransmitters in the purinergic system and is responsible
for modulating signaling and biosynthetic processes,
including vascular homeostasis, cell size maintenance,
neuronal signaling, immune function, and protein and lipid
modifications (Marcus ef al., 2003; Tort, 2011). The enzyme
ecto-nucleoside triphosphate diphosphohydrolase
(NTPDase) hydrolyzes ATP and adenosine diphosphate
(ADP) to adenosine monophosphate (AMP). The resulting
AMP is subsequently hydrolyzed to adenosine by ecto-5’-
nucleotidase (Stefan et al., 2005; Colgan et al., 2006; Schmatz
etal.,2009).

Exposure to hyperoxic, anoxic or hypoxic environments
may result in oxidative changes because oxygen
consumption contributes to the levels of reactive oxygen
species (ROS) generated and the antioxidant status of the
cells (Wilhelm-Filho et al., 2001, 2002; Lushchak ez al., 2001,
2005; Azambuja et al., 2011). The oxidative metabolism of
cells is a continuous source of ROS (resulting from the
univalent reduction of O,) that can damage most cellular
components such as carbohydrates, lipids and proteins as
well as promoting cell death (Ahmad et al., 2000; Morales et
al.,2004). To protect themselves from these highly reactive
intermediates, living organisms possess a biochemical
defense system consisting of enzymatic and non-enzymatic
antioxidants that scavenge any reactive species. However,
in several situations, the rate of ROS generation exceeds
that of their removal, resulting in oxidative stress (Halliwell
& Gutteridge, 2000; Livingstone, 2001). The most important
antioxidant enzymes are superoxide dismutase (SOD), which
detoxifies O,; catalase (CAT), which reduces H,O,;
glutathione peroxidase (GPx), which reduces both H,0O, and
organic peroxides by a glutathione-dependent reaction; and
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glutathione reductase (GR),which catalyzes the NADPH-
dependent regeneration of glutathione (a nonprotein
thiol[NPSH]) from the oxidized form (GSSG) generated by
GPx (Halliwell & Gutteridge, 2000).

Variations in the water parameters, such as ammonia and
carbon dioxide levels, can provoke stress that could be
minimized, at least in some species, through the addition of
either sedatives or anesthetics in the transport water
(Azambuja et al.,2011; Cunha et al.,2011; Becker et al.,2012).
The essential oil (EO) from Lippia alba (Mill.) N.E. Brown
(Verbenaceae) is a novel anesthetic whose action has been
established for the silver catfish Rhamdia quelen (Cunha et
al., 2010; Heldwein et al., 2012), and the slender seahorse
Hippocampus reidi (Cunha et al., 2011).When this oil was
added to the transport water, the redox state (Azambuja et
al., 2011) and ionoregulation (Becker et al., 2012) were
improved, and lipid oxidation was delayed in the fillets of
silver catfish (Veeck et al., 2013). However, an increased
ventilation rate was observed during the 30 min of transport
(Beckeret al.,2012).

Increases in the plasma cortisol and glucose levels are
classics indicators of stress responses (Iwama et al., 2004;
Urbinati & Carneiro, 2004; Tort, 2011). However, other
biochemical parameters, such as enzymatic activities, are also
important to understand stress at the cellular level (Lushchak
et al., 2001, 2005). In this context, the purpose of this study
was to investigate if a rapid pre-transport sedation and
transport with the EO from L. alba could change enzymes
related to purinergic neurotransmitters in the whole brain
(AChE, NTPDase and 5’-nucleotidase activities) and improve
enzymatic parameters (SOD, CAT, GST, and GPx) that act by
inactivating free radicals, in the liver. Furthermore, this study
also measured non-enzymatic parameters that can repair
damage caused by oxidative stress (NPSH and ascorbic acid),
changes in pro-oxidant parameters, such as thiobarbituric
acid-reactive substance (TBARS) levels and protein oxidation
resulting from damage to lipids and proteins respectively, in
the liver of Rhamdia quelen after transport.

Material and Methods

Essential oil extraction. Lippia alba was cultivated in Sao
Luiz Gonzaga, Rio Grande do Sul State, Brazil. The aerial parts
of the plant were collected in January 2009. The plant material
was identified by botanist Dr. Gilberto Dolejal Zanetti,
Department of Industrial Pharmacy, Universidade Federal de
Santa Maria (UFSM), and a voucher specimen (SMDB Ne.
10050) was deposited in the herbarium of the Department of
Biology, UFSM.

Essential oil (EO) was obtained from the fresh leaves of
the plant by steam distillation for 2 h using a Clevenger-type
apparatus. In this method, the distillate is collected and the
aqueous phase is automatically reused by returning it to the
distillation flask (European Pharmacopoeia, 2007). The EO
samples were stored at -4°C in amber glass bottles.
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Experimental procedure. Silver catfish (mean weight + SEM
420.1+8.8 g; 21.2 £ 2.3 cm mean length + SEM) were captured
from a cage net at a fish farm. Fish did not go through a
depuration period because this procedure, despite its
recommendation (Amend et al., 1982), is not implemented by
most fish producers in southern Brazil (Golombieski ef al.,
2003). Fish were transported at a loading density of 275.1 g L-
!'for 6 h in 9 plastic bags with 7 L of water and 8 L of pure
oxygen, and they were divided into three treatment groups
(three replicates each, n =12 per group) that were treated with
different concentrations of EO from L. alba: control, 30 pLL-
'and 40 pLL"' of EO from L. alba diluted 1:10 in ethanol. Fish
that were transported with either of the EO treatments were
rapidly sedated with a higher concentration of the same EO
(200 pL L") for three minutes before placing them into the
plastic bags. This concentration induces sedation within the
time proposed (Cunha et al., 2010). Control fish were placed
directly into the plastic bags. The transport time and
concentrations of EO from L. alba were chosen according to
Becker et al. (2012) and were within a sedative safe range for
silver catfish (Cunha ef al., 2010). The loading density was
chosen according to Carneiro et al. (2009).

Water parameters were monitored before and after
transport, with the 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 un-ionized ammonia (0.0023 + 0.0002
mg L. Dissolved oxygen and temperature were measured
with an YSI oxygen meter. The pH was verified witha DMPH-
2 pH meter. Nesslerization was used to verify the total ammonia
nitrogen levels using the method of Eaton ef al. (2005). Un-
ionized ammonia levels were calculated according to Colt
(2002). Water hardness was analyzed by the EDTA titrimetric
method. Alkalinity was determined according to Boyd &
Tucker (1992). Carbon dioxide was calculated by the method
of Wurts & Durborow (1992).

After transport, all of the fish were euthanized by spinal
cord section, and whole brain and liver tissues were carefully
removed and frozen to posterior analysis of biochemical
parameters.

Enzymatic assays in the brain

Acetylcholinesterase (AChE; E.C. 3.1.1.7). Brain was
homogenized with 150 mM NaCl. The homogenates were
centrifuged for 15 min at 3000 g at 5 °C, and the supernatant
was used as the enzyme source. AChE activity was measured
as described by Ellman ez al. (1961).

NTPDase (ecto-apyrase, ecto/CD39; E.C. 3.6.1.5).
Enzymatic assay of the whole brain was carried out in a
reaction medium containing 5 mM KCI, 1.5 mM CaCl,, 0.1 mM
EDTA, 10 mM glucose, 225 mM sucrose and 45 mM Tris—HCl
buffer (pH 8.0) in a final volume of 200 pL, as described by
Schetinger et al. (2000).

5’-nucleotidase (CD73; E.C. 3.1.3.5). Activity was
determined by the method of Heymann et al. (1984) in areaction
medium containing 10 mM MgSO, and 100 mM Tris-HCl buffer
(pH 7.5) in a final volume of 200 puL. The tubes were then
chilled on ice for 10 min, and the released inorganic phosphates
(Pi) were assayed by the method of Chan et al. (1986).

Enzymatic antioxidant activity in the liver

Superoxide dismutase (SOD; E.C. 1.15.1.1). Activity was
determined as the inhibition rate of autocatalytic adenochrome
generation at 480 nm in a reaction medium containing 1 mM
epinephrine (0.017 mL) and 50 mM glycine-NaOH (pH 10.5) (1
mL). A unit of SOD is defined as the amount of enzyme that
inhibits the speed of detector (epinephrine) reduction by 50%.
Enzyme activity was expressed in units mg protein™ using
the method described by Misra & Fridovich (1972).

Catalase (CAT; E.C. 1.11.1.6). Activity was assayed by
ultraviolet spectrophotometry. Change of H,O, absorbance
after 60 s was measured at 240 nm. Catalase activity was
calculated and expressed in umol min™' mg protein using the
method described by Nelson & Kiesow (1972).

Glutathione -S-transferase (GST). Activity was measured
based on the method described by Habig et al. (1974) using
1-chloro-2,4-dinitrobenzene (CDNB) (0.15 mL) as a substrate.
The extinction coefficient used for CDNB was 9.6 mM cm',
and the activity was expressed as umol GS-DNB min' mg
protein'.

Glutathione peroxidase (GPx; EC 1.11.1.9). The enzyme
activity was measured according to Paglia & Valentine (1967).
The assay solution contained 100 mM potassium phosphate
buffer (pH 7.0) 1 mM GSH, 0.15 mM NADPH, 0.1 U mL"!
glutathione reductase, 100 mM azide and a suitable sample of
enzyme solution. Enzyme activity was determined at 37°C by
measuring the depletion of NADPH at 340 nm and expressed
as pmol NADPH min! mg protein™.

Nonenzymatic antioxidants in the liver

Non-protein thiol groups (NPSH). NPSH levels were
determined by the method of Ellman (1959) with 0.05 mL of 10
mM 5, 5’-dithio-bis (2-nitrobenzoic acid) (DTNB) and 0.7 mL
of 0.5 mM phosphate buffer (pH 6.8) added to 0.25 mL of
supernatant. The results were expressed as [tmol non-protein
thiols g tissue™.

Ascorbic acid content (AsA). It was determined by the
method of Roe (1954). To measure the ascorbic acid levels, an
aliquot of the supernatant was mixed with 2,4-
dinitrophenylhydrazine (4.5 mg mL™"), 0.6 mg mL'thiourea,
CuSO0, (0.075 mgmL"), and 13.3% trichloroacetic acid followed
by incubation for 3 h at 37 °C. Afterwards, H,SO, 65% (v/v)
was added to the medium. The results were expressed as pmol
AsA g tissue™.

Prooxidants in the liver
Lipid peroxidation estimation. The lipid peroxidation was
estimated by a thiobarbituric acid-reactive substances
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(TBARS) assay and performed by a malondialdehyde (MDA)
reaction with 2-thiobarbituric acid (TBA), which was optically
measured according to Buege & Aust (1978). TBARS levels
were expressed as nmol MDA mg protein'.

Protein carbonyl assay. The protein carbonyl content was
assayed by the method described by Yan ef al. (1995). The
assay was performed in duplicate, and two blank tubes treated
with 2N HCI (0.2 mL) without DNPH were included for each
sample. The total carbonylation was calculated using a molar
extinction coefficient of 22000 M cm'. The protein carbonyl
content was expressed as nmol carbonyl mg protein™.

Protein total determination. The protein concentration was
determined by the Coomassie Blue method following the
Bradford method (1976) using bovine serum albumin as a
standard, and the absorbance of the samples was measured
at 595 nm.

Statistical analyses. All data are expressed as the mean +
SEM. The homogeneity of variances between treatments was
tested with Levene’s test. The data presented homogeneous
variances, so comparisons between the different treatments
were made using a one way ANOVA and Tukey’s test.
Analysis was performed using the Statistica ver. 7.0 software
(Stat Soft, Tulsa, OK), and the minimum significance level
was setat P <0.05.

Results

No mortality was recorded in any treatment following
transport. The AChE, NTPDase and 5’-nucleotidase activities
in the whole brain of silver catfish showed no significant
differences between the treatments (Table 1).

The SOD activity in the liver did not present any
significant difference between the treatments (Fig. 1A), and
CAT activity was significantly lower in fish transported with
both EO concentrations compared to the control fish (Fig.
1B).The GST activity in the liver was significantly lower in
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Table 1. Enzymatic activity in the brain. The levels of AChE
expressed as pmol ASCh hydrolyzed min™' mg protein and
the levels of NTPDase and 5’-nucleotidase activity using
either ATP or ADP and AMP as substrates, respectively
(values expressed as nmol Pi min"! mg protein™').

Lippia alba concentration

OpLL"! 30 uL L 40 uL L™
AChE 0.301£0.014  0.296+0.010  0.306+0.019
NTPDase- ATP 201.51+24.51 233.85+2829 257.85+41.85
NTPDase- ADP 81.60+543  101.10£8.82  96.18+4.65
5’nucleotidase- AMP  64.35+8.16  6525+5.58  54.12+4.80

silver catfish transported with 30 pL L' of EO compared to
the control fish (Fig. 2A). The GPx activity in the liver was
significantly lower in all EO treatments compared to the
control (Fig. 2B). Moreover, the lowest activity was observed
in fish transported with 40 uL. L' of EO (Fig. 2B).The levels of
NPSH and ascorbic acid in the liver were significantly lower
in fish transported with both concentrations of EO compared
to the control (Fig. 2C-D).

The TBARS and protein carbonyl levels in the liver were
higher in the fish transported in water treated with 30 pL L
of EO from L. alba compared to the control group, but the
fish transported in water treated with 40 uL L' of EO showed
similar results to the control (Fig. 3A-B). The LPO/CAT + GPx
ratio indicated that the balance between lipoperoxidation and
total antioxidant enzyme activities was significantly higher in
treatments with either 30 or 40 pL L' of EO compared to the
control fish (Fig. 4).

Discussion

Generally, anesthetics cause a depression of the central
nervous system by interrupting the action potential of axons,
release of neurotransmitters, excitability of the membrane or
a combination of all of these actions (Ross & Ross, 2008).
However, in the present study, the EO from Lippia alba had
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Fig. 1. Superoxide dismutase (SOD) and catalase (CAT) activities (A and B, respectively) in the liver of silver catfish (Rhamdia
quelen) transported in plastic bags containing water treated with the essential oil from Lippia alba. The values are expressed
as the means + SEM. Different letters indicate levels of significance between the treatments (P<0.05).
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Fig. 2. Glutathione-S-transferase (GST) activity (A), glutathione peroxidase (GPx) activity (B), non-protein thiol group (NPSH)
content (C) and ascorbic acid (D) content in the liver of silver catfish (Rhamdia quelen) transported in plastic bags containing
water treated with the essential oil from Lippia alba. The values are expressed as the means = SEM. Different letters indicate
levels of significance between the treatments (P<0.05).
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Fig. 3. TBARS (A) and protein carbonilation (B) levels in the liver of silver catfish (Rhamdia quelen) transported in plastic
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Fig. 4. LPO/CAT+GPx ratio in the liver of silver catfish
(Rhamdia quelen) transported in plastic bags containing
water treated with the essential oil from Lippia alba. The
values are expressed as the means + SEM. Different letters
indicate levels of significance between the treatments (P<0.05).

no effect on the activities of the enzymes NTPDase and 5°-
nucleotidase, which constitute an enzymatic complex able to
regulate the extracellular concentrations of adenine
nucleotides and nucleosides (Stefan ez al., 2005; Colgan et
al.,2006; Schmatz et al., 2009; Gutierres et al. 2012,2014).

Studies by Heldwein ez al. (2012) suggest the involvement
of the gamma-aminobutyric acid -A (GABA ) benzodiazepine
receptor in the anesthetic effect of the EO from L. alba. Silver
catfish transported in water containing the EO from L. alba
were less agitated (Becker ef al., 2012). The results of the
AChHE activity assay corroborate with the aforementioned
findings because the enzyme activity was unaltered and the
change in the locomotor behavior was not due to alterations
in its function. Furthermore, consolidates that EO from L.
alba is able to reduce or maintain the basal levels of the
cholinergic neurotransmitters.

This study did not detect any significant differences in
the SOD activity between the treatments after transport of
the catfish. The lower CAT and GST activities in the liver of
silver catfish transported with 30 uL L' of EO in the water
could be attributed to the increase of the oxidant levels, as
observed by the highest levels of TBARS that were generated
by this treatment. It is possible that in silver catfish transported
with 40 pL L' of EO in the water the decrease of CAT was
enough to avoid the increase of TBARS. Azambuja et al.
(2011) reported that silver catfish transported (fish density
140—-200 g L") for 6 h in normoxic conditions with 10 uLL L' of
EO of L. alba exhibited no significant alterations in hepatic
GST, SOD and CAT activities, but TBARS levels also did not
change.

Alterations in GPx activity are generally accompanied by
changes in NPSH levels because the NPSH is a co-substrate
for H,0, breakdown by GPx (Sies, 1999). The major cellular
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thiol that participates in cellular redox reactions — NPSH —
displayed an important role in the detoxification of
electrophilic metabolites catalyzed by GST (Sies, 1999; Latha
& Pari, 2004).

High NPSH levels may protect cellular proteins against
oxidation either via the NPSH redox cycle or by directly
detoxifying the ROS generated by exposure to stressor agents
(Ruas et al., 2008), but the low NPSH content could modulate
the activity of GPx and GST enzymes (Brouwer & Brouwer,
1998) as suggested in the present study in silver catfish
transported in water containing the EO from L. alba. The
formation of peroxides and TBARS was lower in the frozen
fillets of silver catfish transported with either 30 or 40 pL L™
of EO (Veeck et al., 2013). In the present study, lower levels of
ascorbic acid were also observed in the liver of silver catfish
transported in water containing the EO from L. alba.
Antioxidants such as ascorbic acid are active ROS scavengers
involved in the lipid peroxidation process (Halliwell &
Gutteridge, 2000; Trenzado et al., 2006; Kochhann et al., 2009).
This study showed that the TBARS and protein carbonyl
levels in the liver of silver catfish were higher when
transported in water containing 30 uL L' of EO, indicating
higher lipid peroxidation and protein oxidation activity and
demonstrating that the antioxidant defenses were not
completely able to effectively scavenge the ROS produced.
The increased LPO/CAT+GPx ratio also suggests that
hydrogen peroxide were produced, overcoming the capacity
of CAT and GPx in neutralizing ROS production (Ruas ez al.,
2008) and resulting in a LPO in the liver.

The use of 10-20 uL L' of EO from L. alba increased
ventilation rate of silver catfish during the first 30 min of
transport, indicating a higher agitation of the fish (Becker e?
al., 2012). Therefore, it was hypothesized that the use of a
pre-transport sedation with 200 uL L' of EO from L. alba
would reduce this initial agitation and the transport with 30 or
40 uL L' of EO from L. alba in the water would be more
effective. However, this hypothesis was not confirmed
considering the hepatic oxidative stress parameters analyzed
in the present experiment and the lower concentrations (10-
20 uL L' of EO from L. alba) used by Azambuja et al. (2011)
and Becker et al. (2012) are more effective for transporting
silver catfish.
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