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Abstract This study aimed to evaluate the essential oil
of Ocimum gratissimum L. (EOOG) for anesthesia and
in the transport of Oreochromis niloticus. Experiment I
determined the time of anesthesia induction and recov-
ery during anesthesia ofO. niloticus exposed to different
concentrations of EOOG (0, 30, 90, 150, and
300 mg L−1). Based on data from Experiment I, Exper-
iment II evaluated the effect of 0, 30, and 90 mg L−1

EOOG on blood parameters and oxidative stress imme-
diately after anesthesia induction and 1 h after recovery.
Experiment III evaluated the effect of 0, 5, and
10 mg L−1 EOOG on blood variables immediately after
4.5 h of transport of juveniles. Concentrations between
90 and 150 mg L−1 EOOG were efficient for anesthesia
and recovery. The use of 90mg L−1 of EOOG prevented
an increase in plasma glucose. Other changes in blood
parameters and oxidative stress are discussed. The use
of 10 mg L−1 EOOG in transport increased plasma
glucose and decreased hematocrit values immediately

after transport. It is concluded that the use of 90 and
150 mg L−1 EOOG causes anesthesia and recovery in
O. niloticus within the time intervals considered ideal.
The use of 90 mg L−1 EOOG favored stable plasma
glucose soon after anesthesia induction and 1 h after
recovery, but caused changes in the antioxidant defense
system by increasing hepatic and kidney ROS. The
transport of 12 g O. niloticus for 4.5 h can be performed
with concentration of 5 mg L−1 of EOOG.
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Introduction

The usual handling procedures employed in fish farms
trigger stress to animals, which can compromise their
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productive and reproductive performances (Barton
2002; Gressler et al. 2012). Among the adopted han-
dling procedures, biometry and transport of fish are
routine in fish farms. These practices can harm fish,
increasing their susceptibility to infectious and patho-
genic diseases, besides demanding a greater amount of
energy (Gimbo et al. 2008; Goes et al. 2017), which is
provided through gluconeogenesis, glycogenolysis, and
increased protein turnover (Barton and Iwama 1991;
Wendelaar Bonga 1997; Mommsen et al. 1999;
Ribeiro et al. 2019). In addition, these handling practices
can cause changes in fish metabolism, with oxidative
damage through the production of reactive oxygen spe-
cies (ROS), which often leads to lipid peroxidation
(Matés 2000; Velisek et al. 2011; Souza et al. 2018;
Baldissera et al. 2020).

In this sense, the use of anesthetics has provided
better control for the handling procedures used in fish
production (Cunha et al. 2010; Becker et al. 2012;
Becker et al. 2017; Rotili et al. 2012; Ribeiro et al.
2013; Ribeiro et al. 2015), by reducing swimming ac-
tivity and stress of the animals (Ross and Ross 2008;
Zahl et al. 2010; Salbego et al. 2017). Anesthetics (at
sedative concentrations) also showed positive effects
during transport, including reduced waterborne ammo-
nia and greater survival (Becker et al. 2012; Gil et al.
2016; Navarro et al. 2016; Boaventura et al. 2021).
However, responses to a given anesthetic may differ
among species, and so prior characterization of efficacy
is necessary (King 2009).

The plantOcimum gratissimum L. (Lamiaceae), pop-
ularly known as “alfavaca” or basil, is a native species of
Africa that is being used in different countries as a
condiment, sedative, and stress reducer and to treat
headaches in humans (Albuquerque et al. 2007). The
essential oil of the leaves of this plant showed safety and
efficacy as anesthesia for some species of fish, such as
the Brazilian flounder Paralichthys orbignyanus
(Benovit et al. 2012), silver catfish Rhamdia quelen
(Silva et al. 2012; Silva et al. 2015; Bandeira et al.
2017), matrinxã Brycon amazonicus (Ribeiro et al.
2016), Nile tilapia Oreochromis niloticus (Adewale
et al. 2017), cachara Pseudoplatystoma reticulatum
(Silva et al. 2020) and pacamã Lophiosilurus alexandri
(Boaventura et al. 2020).

Oreochromis niloticus is the fourth most produced
fish species worldwide, contributing approximately 4.5
million tons/year (FAO 2018). This high production is
attributed to its excellent characteristics that make it

favorable to commercial cultivation, as well as its white
meat with good organoleptic characteristics and lack of
“Y”-shaped spines, which facilitates fillet processing
(Simões et al. 2007). Therefore, the evaluation of the
anesthetic and sedative effects of this essential oil and its
benefits in the transport of juveniles of this species has
become important.

Thus, the objective of this study was to evaluate
different concentrations of the essential oil of
O. gratissimum L. (EOOG) for induction and recovery
times of anesthesia, blood and oxidative stress parame-
ters, and its use in the transport ofO. niloticus juveniles.
Based on previous studies with the extract of this plant
in O. niloticus (Adewale et al. 2017) and of the EOOG
in other species (Silva et al. 2012; Silva et al. 2015;
Ribeiro et al. 2016; Silva et al. 2020; Boaventura et al.
2020; Boaventura et al. 2021), we suppose that this
essential oil is effective for anesthesia, reduces the stress
of transport, and improves the oxidative status of
O. niloticus.

Materials and methods

Animals and environmental acclimation

Juveniles of O. niloticus were grown in rectangular
tanks, with a useful volume of 100 L, in a water recir-
culation system with mechanical and biological filtra-
tion. Temperature was maintained at 27.69 ± 0.35 °C
and pH at 7.09 ± 0.14 (both measured with a Hanna
HI98130 multiparameter probe), dissolved oxygen
levels at 6.65 ± 0.28 mg L−1 (measured with an
EcoSense® DO200A oximeter), and total ammonia at
0.59 ± 0.03 mg L−1 (determined with an Alfakit Labcon
Test colorimetric kit). The photoperiod was 12 L:12D
(controlled by Loud Advanced Technology TL63A dig-
ital timer). During the lights-on period, the average
luminous flux incident on the water surface was 140 lx
(measured with Instrutemp ITLD260 luximeter) and
0 lx after lights were turned off. The fish were fed with
commercial feed (5 mm in diameter) containing
320 g kg−1 of crude protein, 3200 kcal kg−1 of digestible
energy, 70 g kg−1 of ether extract, 130 g kg−1 of mineral
matter, 25 g kg−1 of calcium, and 10 g kg−1 of phospho-
rus, twice a day (8:00 am and 4:00 pm) until apparent
satiety. The animals were fasted for 24 h before use;
thus, the food was provided until the first meal of the

136 Fish Physiol Biochem (2021) 47:135–152



day before each test. A water renewal of 50% of the
system volume was performed twice a week.

The essential oil of the leaves of O. gratissimum
(EOOG) (73.6% eugenol) was obtained according to
Silva et al. (2012). Ethyl alcohol (98.1%) was used in
a 1:10 (V/V) proportion in all concentrations to homog-
enize the EOOG in water. The volume of ethyl alcohol
equivalent to the highest concentration of the EOOG
was used for the ethanol treatment (0 mg L−1).

Experiment I—Anesthetic effect of EOOG for juvenile
O. niloticus

Seventy-two O. niloticus juveniles (weight 45.36 ±
10.70 g; total length 13.16 ± 1.12 cm) were fasted
for 24 h prior to use. The animals were distributed
in a completely randomized design (n = 12 for
each concentration) and exposed to the following
EOOG concentrations: 0 (ethanol), 10, 30, 90,
150, or 300 mg L−1. The fish were transferred
individually to a 1 L aquarium and exposed to
the different concentrations (each fish was used
only once). The ethanol group was observed for
10 min (Ferreira et al. 2020), while a digital chro-
nometer (Taksun Ts1809) was used to assess the
time of anesthesia induction and recovery for the
other concentrations. Fish were considered to have
reached deep anesthesia when they completely lost
swimming balance and did not respond to external
stimuli (Keene et al. 1998; Ross and Ross 2008),
at which point they were weighed on an analytical
balance (Mars AD5002) and measured with the aid
of a ruler. After biometrics, the fish were trans-
ferred to 1 L aquaria with clean water (from the
culture system itself), for anesthesia recovery. The
ventilatory frequency (VF) of the fish was evalu-
ated during anesthesia induction and recovery by
counting opercular movements per minute (adapted
from Alvarenga and Volpato 1995). The animals
were considered recovered when they responded to
external stimuli and showed normal swimming
balance (Keene et al. 1998; Ross and Ross 2008).

After the experiment, fish of each anesthetic concen-
tration were pooled and kept in 100 L tanks in a
recirculating aquaculture system to observe the return
to appetite and record their survival after 24 h. During
this period, the fish were fed two times a day until
apparent satiety.

Experiment II—Hematological, biochemical,
and oxidative stress responses of juvenile O. niloticus
submitted to different EOOG concentrations

Based on the results of Experiment I, a subsequent test
was performed using the concentrations of 0 (ethanol),
30, and 90 mg L−1 EOOG, considering a control and
concentrations below the ideal and at the ideal,
respectively, for fish anesthesia according to the
criteria of Keene et al. (1998) and Ross and Ross
(2008). For this test, 72 O. niloticus juveniles (weight
41.36 ± 9.80 g; total length 12.70 ± 1.15 cm, n = 24 per
treatment) were fasted for 24 h and then distributed in a
completely randomized factorial design. The same pro-
cedures as described in Experiment I were adopted.
However, in this experiment, blood samples were col-
lected immediately after anesthesia induction and 1 h
after anesthesia recovery (n = 12 fish for each concen-
tration after anesthesia and 12 fish for each concentra-
tion after recovery). Fish were restrained with a damp
cloth and blood (500 μL) was collected by caudal punc-
ture using heparinized syringes (0.2% mg mL−1). The
fish were then euthanized through immersion in ice
slurry and spinal cord sectioning so that the gills, liver,
kidney, and brain could be removed and immediately
stored in a − 80 °C freezer for further analysis.

Hematological and biochemical analysis

Blood aliquots were used to quantify hematocrit. Capil-
lary tubes were centrifuged at 10,000 rpm (Microline-
Laborline®) for 10 min as described by Goldenfarb
et al. (1971). Plasma protein was determined using a
Goldberg manual refractometer. Blood was centrifuged
at 4000 rpm for 10min for biochemical analysis. Plasma
glucose was determined using a monoreagent glucose
commercial kit (K082 Bioclin), followed by reading
with a spectrophotometer (Biochrom Libra S21–S22).

Oxidative stress analysis

The liver, gills, kidney, and brain were sampled for
evaluation of levels of reactive oxygen species (ROS),
superoxide dismutase (SOD), thiobarbituric acid reac-
tive substances (TBARS), non-protein thiols (NPSH),
and protein.

Levels of ROS were determined by the DCFH oxi-
dation method described by LeBel et al. (1992). Fluo-
rescence was measured using excitation and emission
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wavelengths of 485 and 538 nm, respectively. A cali-
b ra t ion cu rve was es t ab l i shed wi th 2 ′ , 7 ′ -
dichlorofluorescein (DCF) (0.1 nM–1 μM) as the stan-
dard, and results were expressed as U DFC per mg of
protein.

The activity of SODwas determined according to the
auto-oxidation principle of pyrogallol, inhibited in the
presence of SOD. The optical density change was de-
termined kinetically for 2 min at 10-s intervals at
420 nm, according tomethodology described by Beutler
(1984). Activity was expressed as U mg per of protein.

As an index of lipid peroxidation, TBARS formation
during an acid-heating reaction was determined as pre-
viously described by Ohkawa et al. (1979). A
malondialdehyde (MDA) solution was used as a refer-
ence standard. TBARS levels were determined by ab-
sorbance at 532 nm and were expressed as MDA equiv-
alent nmol MDA per g of tissue.

NPSH levels were determined colorimetrically at
412 nm as previously described by Ellman (1959) and
published in detail by Souza et al. (2018). A cysteine
solution was used as a reference standard. NPSH levels
were expressed as μmol SH per g of tissue.

Protein concentration was determined by the
Coomassie Blue method following the methodology
described by Read and Northcote (1981) using bovine
serum albumin as a standard.

Experiment III—Effect of EOOG on survival rate, feed
return, water quality, and blood parameters
after transport of juvenile O. niloticus

One hundred and sixty O. niloticus juveniles (weight
12.2 ± 3.4 g; total length 9.5 ± 2.1 cm) were used for
Experiment III. The water in the culture system had a
temperature of 27.49 ± 0.35 °C, pH of 7.65 ± 1.28 (Han-
na HI98130 multiparameter probe), and dissolved oxy-
gen levels of 7.09 ± 1.14 mg L−1 (measured by the
EcoSense® DO200A oximeter). Animals were fasted
for 24 h before transport. After fasting, blood was col-
lected as previously described from a group of 10 fish
(basal group). The fish were distributed in a completely
random design in 15 plastic bags of 59.5 × 80.5 cm, with
8 L water, 2/3 dissolved oxygen, and 10 fish bag−1.
Three concentrations of EOOG were tested: 0 (ethanol
90 μL L−1), 5, and 10 mg L−1. The animals were
transported in a car for 4.5 h and this time was chosen
based in an average duration of O. niloticus transport
from other studies (Navarro et al. 2016; Hohlenwerger

et al. 2017; Ventura et al. 2020); after which, the bags
were opened and temperature, dissolved oxygen, pH,
and total ammonia were measured and two fish from
each bag (n = 10 fish per treatment) were selected for
blood collection for the analysis of plasma glucose,
hematocrit, and plasma protein, as described in the
Experiment II. The remaining fish of each treatment
were then placed in three rectangular tanks, with a useful
volume of 100 L, in a water recirculation system under a
controlled environment, as previously described, to
evaluate survival rate and return to feeding up to 96 h
after transport.

Statistical analysis

Homogeneity of variances and normality of the data
were tested with the Brown-Forsythe and Shapiro-
Wilk tests, respectively. The results of anesthesia induc-
tion and recovery times and ventilatory frequencies
were submitted to one-way ANOVA, followed by re-
gression analyses to better adjust the model (P < 0.05).
Two-way ANOVA followed by Tukey’s post-test was
used for biochemical, hematological, and oxidative
stress variables (P < 0.05). The results of water quality
variables were analyzed using the Kruskal-Wallis test
(P < 0.05). All analyses were performed using the
SigmaPlot program version 12.0.

Results

Experiment I

No mortality was observed after 24 h of testing
and all fish resumed feeding. Ethanol and
10 mg L−1 EOOG did not induce deep anesthesia.
Anesthesia induction time had a quadratic effect
(P < 0.05), with a minimum value at 215 mg L−1

(38.79 s) (Fig. 1a). Anesthesia recovery time was
directly related to EOOG concentration (P < 0.05)
and varied from 149.55 to 568.1 s (Fig. 1b).

The VF showed a quadratic effect during anes-
thesia induction (P < 0.05), with a minimum value
at 208.33 mg L−1 (11.27 beats min−1) (Fig. 1c).
During anesthesia recovery, VF showed an inverse
relationship with EOOG concentration (P < 0.05)
(Fig. 1d).
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Experiment II

Biochemistry and blood hematology

After anesthesia induction, O. niloticus juveniles sub-
mitted to 30 mg L−1 EOOG had higher plasma glucose
values (P < 0.05) compared to those exposed to
0 mg L−1 (Fig. 2a). One hour after recovery, plasma
glucose values were equal among the concentrations
evaluated (P > 0.05). However, there was a reduction
in plasma glucose levels for the concentration of
30 mg L−1 EOOG after 1 h recovery compared to after
anesthesia induction (P < 0.05).

O. niloticus juveniles exposed to 90 mg L−1 EOOG
had higher hematocrit values after anesthesia induction
compared to treatments of 0 and 30 mg L−1 (P < 0.05),
which were similar to each other (P > 0.05) (Fig. 2b).
One hour after recovery, hematocrit was similar

between all concentrations evaluated (P > 0.05). There
was no significant difference in plasma protein for the
tested concentrations between the two evaluated times
(P > 0.05). There was also no significant difference
among the concentrations assessed during induction
and 1 h after recovery, nor between times (Fig. 2c).

Oxidative stress variables

After induction, higher levels of hepatic ROS were
observed for fish anesthetized with 30 and 90 mg L−1

EOOG (P < 0.05) (Fig. 3a). These values remained
higher than those for fish exposed to 0 mg L−1 EOOG
1 h after recovery, when fish that were submitted to
30 mg L−1 EOOG presented higher levels of hepatic
ROS than those recovering from 90 mg L−1 EOOG
(P < 0.05). There were no differences in gill ROS be-
tween times (P < 0.05) for the three EOOG

Fig. 1 Anesthesia induction time (a), anesthesia recovery time
(b), ventilatory frequency during induction (c), and ventilatory
frequency during recovery (d) (mean ± standard deviations) of

Oreochromis niloticus subjected to different concentrations of the
essential oil ofOcimum gratissimum (stars represent the minimum
value of the equations)
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concentrations assessed. The EOOG concentrations
evaluated did not influence the levels of ROS in
the gills after anesthesia induction and 1 h after
recovery (P > 0.05) (Fig. 3b).

There were no significant differences among the
tested EOOG concentrations for ROS levels in the kid-
ney after anesthesia induction (P > 0.05) (Fig. 3c). How-
ever, there was a decrease in the level of ROS in the
kidney for fish of the 0 mg L−1 EOOG treatment 1 h
after recovery and an increase in those of the 30 mg L−1

EOOG treatment (P < 0.05). The highest kidney ROS
levels after recovery were for fish anesthetized with
30 mg L−1 EOOG, followed by those anesthetized with
90 mg L−1 EOOG (P < 0.05).

After anesthesia induction, the highest levels of brain
ROS were observed in fish anesthetized with 30 and
90 mg L−1 EOOG (P < 0.05) (Fig. 3d). One hour after

recovery, the highest level of brain ROS was found in fish
exposed to 30mg L−1 EOOG, with this value being higher
than that observed immediately after anesthesia induction
(P < 0.05). The other EOOG concentrations evaluated did
not differ significantly between times (P > 0.05).

The highest hepatic SOD activity after anesthetic
induction was for fish exposed to 30 mg L−1 EOOG
(P < 0.05). One hour after recovery, this group showed
the lowest hepatic SOD activity, followed by the group
submitted to 90 mg L−1 EOOG (P < 0.05). There was an
increase in hepatic SOD activity from induction to 1 h
after recovery for fish exposed to 0 mg L−1 EOOG and a
decrease in those exposed to 30 mg L−1 EOOG
(P < 0.05) (Fig. 4a).

The lowest SOD activity in the gills after anesthesia
induction was for fish anesthetized with 90 mg L−1

EOOG (P < 0.05). One hour after recovery, there were

Fig. 2 Biochemical and hematological parameters of
Oreochromis niloticus measured immediately after anesthesia in-
ductionwith essential oil ofOcimum gratissimum (EOOG) and 1 h
after recovery. Ethanol group: 0 mg L−1 EOOG. a Plasma glucose,
b hematocrit and c plasma protein. Values (mean ± standard
deviations) (N = 12 animals per treatment). The data were

analyzed by two-way ANOVA, followed by Tukey post-test
(P < 0.05). Different lowercase letters indicate a significant differ-
ence between concentrations at the same time (after induction or
1 h after recovery). Different capital letters indicate a significant
difference between times for a given concentration
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no significant differences among the assessed EOOG
concentrations (P > 0.05). However, there was a reduc-
tion in SOD activity in the gills in fish exposed to 0 and
30 mg L−1 EOOG 1 h after recovery and an increase in
those exposed to 90 mg L−1 EOOG (P < 0.05) (Fig. 4b).

No significant differences were observed for kidney
SOD activity after anesthesia induction (P > 0.05). One
hour after recovery, the lowest SOD activity was for fish
exposed to 30 mg L−1 EOOG and the highest activity for
those exposed to 0 mg L−1 EOOG (P < 0.05). There were
no significant differences in kidney SOD activity between
times for the tested concentrations (P > 0.05) (Fig. 4c).

After anesthesia induction, brain SOD activity was
significantly lower for fish exposed to both 30 and
90 mg L−1 EOOG compared those exposed to ethanol
(0 mg L−1 EOOG) (P < 0.05). One hour after recovery,
the lowest SOD activity was observed in fish exposed to
30 mg L−1 EOOG (P < 0.05). There was a reduction in
brain SOD activity between times in fish submitted to
30 mg L−1 EOOG and an increase in those exposed to
90 mg L−1 EOOG (P < 0.05) (Fig. 4d).

After anesthesia induction and 1 h after recovery
from EOOG exposure, there were no significant differ-
ences in hepatic TBARS levels among the assessed

Fig. 3 Reactive oxygen species (ROS) of the liver (a), gills (b),
kidney (b), and brain (d) of Oreochromis niloticus measured
immediately after anesthesia induction with essential oil of
Ocimum gratissimum (EOOG) and 1 h after recovery. Ethanol
group: 0 mg L−1 EOOG. Values (mean ± standard deviations)
(N = 12 animals per treatment). The data were analyzed by two-

way ANOVA, followed by Tukey post-test (P < 0.05). Different
lowercase letters indicate a significant difference between concen-
trations at the same time (after induction or 1 h after recovery).
Different capital letters indicate a significant difference between
times for a given concentration
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concentrations (P > 0.05). Between times, there was an
increase in hepatic TBARS levels in fish exposed to
30 mg L−1 EOOG (P < 0.05) (Fig. 5a).

After anesthesia induction, fish exposed to 30mg L−1

EOOG had significantly lower TBARS levels in the
gills than those exposed to 0 mg L−1 EOOG
(P < 0.05). One hour after recovery, there were no sig-
nificant differences in gill TBARS levels among EOOG
concentrations (P > 0.05). Between times, there was a
reduction in gill TBARS levels for fish submitted to
0 mg L−1 EOOG and an increase in those exposed to
30 mg L−1 f EOOG (P < 0.05) (Fig. 5b).

After anesthetic induction, no significant differences
were observed among the assessed concentrations of
EOOG for kidney TBARS levels (P > 0.05). One hour
after recovery, higher kidney TBARS levels were ob-
served for fish exposed to 30 and 90 mg L−1 EOOG
compared to those exposed to 0 mg L−1 EOOG
(P < 0.05). There was an increase in kidney TBARS levels
for fish exposed to 30 and 90 mg L−1 EOOG 1 h after
recovery compared to after induction (P < 0.05) (Fig. 5c).

Fish exposed to 30 mg L−1 of EOOG had higher
brain TBARS levels both after anesthesia induction
and 1 h after recovery than those submitted to

Fig. 4 Superoxide dismutase (SOD) of the liver (a), gills (b),
kidney (c), and brain (d) of Oreochromis niloticus measured
immediately after anesthetic induction with essential oil of
Ocimum gratissimum (EOOG) and 1 h after recovery. Values
(mean ± standard deviations) (N = 12 animals per treatment). The

data were analyzed by two-way ANOVA, followed by Tukey
post-test (P < 0.05). Different lowercase letters indicate a signifi-
cant difference between concentrations at the same time (after
induction or 1 h after recovery). Different capital letters indicate
a significant difference between times for a given concentration
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0 mg L−1 EOOG (P < 0.05). There were no differences
in brain TBARS levels between times for all concentra-
tions of EOOG (P > 0.05) (Fig. 5d).

There were no significant differences in liver NPSH
activity among EOOG concentrations after anesthesia
induction and 1 h after recovery, and no differences
between times for any of the concentrations (P > 0.05)
(Fig. 6a). Fish exposed to 30 and 90mgL−1 of EOOGhad
significantly lower gill NPSH activity after anesthetic
induction compared to in those exposed to 0 mg L−1

EOOG (P < 0.05). However, 1 h after recovery, fish ex-
posed to 30 mg L−1 EOOG had significantly lower gill

NPSH activity than did fish exposed to 0 mg −1 EOOG
(P < 0.05). Between times, gill NPSH activity increased
for fish exposed to 30mg L−1 of EOOG and decreased for
those exposed to 0 mg L−1 EOOG (Fig. 6b).

No significant differences were observed in kidney
NPSH activity after anesthesia induction for all concen-
trations tested (P > 0.05). However, 1 h after recovery,
fish exposed to 30 mg L−1 EOOG had the highest
kidney NPSH activity, followed by those exposed to
90 mg L−1 EOOG. Between times, there was only a
significant increase in kidney NPSH activity for fish
exposed to 30 mg L−1 EOOG (P < 0.05) (Fig. 6c). There

Fig. 5 Thiobarbituric acid reactive substances (TBARS) of the
liver (a), gills (b), kidney (c), and brain (d) of Oreochromis
niloticus measured immediately after anesthetic induction with
essential oil of Ocimum gratissimum (EOOG) and 1 h after recov-
ery. Values (mean ± standard deviations) (N = 12 animals per
treatment). The data were analyzed by two-way ANOVA,

followed by the Tukey post-test (P < 0.05). Different lowercase
letters indicate a significant difference between concentrations at
the same time (after induction or 1 h after recovery). Different
capital letters indicate a significant difference between times for a
given concentration
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were no significant differences in brain NPSH activity
among EOOG concentrations assessed after anesthesia
induction or between times for any of the concentrations
(P > 0.05). However, 1 h after recovery, the highest
brain NPSH activity was for fish exposed to
30 mg L−1 EOOG (P < 0.05) (Fig. 6d).

After anesthesia induction, significantly lower and
higher hepatic protein levels were observed in fish
exposed to 30 and 90 mg L−1 EOOG, respectively,
compared to those exposed to 0 mg L−1 EOOG
(P < 0.05). One hour after recovery, the highest and

lowest hepatic protein levels were for fish exposed
to 30 and 0 mg L−1 EOOG, respectively (P < 0.05).
Between times, there was an increase in hepatic
protein levels for fish exposed to 30 mg L−1 EOOG
and a decrease for those exposed to 0 mg L−1

EOOG (P < 0.05) (Fig. 7a).
The highest gill protein levels after anesthesia induc-

tion was for in fish exposed to 90 mg L−1 EOOG
(P < 0.05). One hour after recovery, there were no sig-
nificant differences in gill protein levels among EOOG
concentrations (P > 0.05). Between the times, there was

Fig. 6 Non-protein thiols (NPSH) of the liver (a), gills (b), kidney
(c), and brain (d) ofOreochromis niloticusmeasured immediately
after anesthetic induction with essential oil of Ocimum
gratissimum (EOOG) and 1 h after recovery. Ethanol group:
0 mg L−1 EOOG. Values (mean ± standard deviations) (N = 12
animals per treatment). The data were analyzed by two-way

ANOVA, followed by Tukey post-test (P < 0.05). Different low-
ercase letters indicate a significant difference between concentra-
tions at the same time (after induction or 1 h after recovery).
Different capital letters indicate a significant difference between
times for a given concentration
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an increase in gill protein levels for fish exposed to 0 and
30 mg L−1 EOOG (P < 0.05) (Fig. 7b).

There were no significant differences among the three
EOOG concentrations for kidney protein levels after
anesthetic induction (P > 0.05). However, 1 h after recov-
ery, fish exposed to 30 mg L−1 EOOG had the highest
kidney protein levels (P < 0.05). Between the times, there
was an increase and a decrease in kidney protein levels
for 30 and 0 mg L−1 of EOOG, respectively (P < 0.05)
(Fig. 7c). Fish exposed to 30 mg L−1 EOOG had the
highest brain protein levels, both after anesthesia induc-
tion and 1 h after recovery (P < 0.05). Between the times,

there was an increase in brain protein level for fish
exposed to 30 mg L−1 EOOG (P < 0.05) (Fig. 7d).

Experiment III

Water quality

There were no significant differences (P > 0.05) in water
quality variables immediately after the transport of
O. niloticus juveniles exposed to different EOOG con-
centrations (Table 1).

Fig. 7 Protein levels of the liver (a), gills (b), kidney, (c), and
brain (d) of Oreochromis niloticus measured immediately after
anesthetic induction with essential oil of Ocimum gratissimum
(EOOG) and 1 h after recovery. Ethanol group: 0 mg L−1 EOOG.
Values (mean ± standard deviations) (N = 12 animals per treat-
ment). The data were analyzed by two-way ANOVA, followed by

Tukey post-test (P < 0.05). Different lowercase letters indicate a
significant difference between concentrations at the same time
(after induction or 1 h after recovery). Different capital letters
indicate a significant difference between times for a given
concentration
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Blood biochemical and hematological parameters

Survival was 100% at 96 h post-transport and all ani-
mals resumed feeding within 24 h. After transport, fish
transported with 10 mg L−1 EOOG had significantly
higher plasma glucose levels and lower hematocrit than
the basal group and the other treatments (P < 0.05)
(Fig. 8a, b). Plasma protein was not affected by transport
for any of the EOOG concentrations (P > 0.05) (Fig. 8c).

Discussion

EOOG proved to be efficient and safe as anesthesia and
for transport ofO. niloticus, with induction and recovery
times within acceptable limits for fish and minimal
influence on biochemical, hematological, and water
quality variables. However, the use of EOOG favored
lipid peroxidation in the kidney, which indicates the
possible development of oxidative stress.

No mortality was observed during anesthesia and
sedation of juvenileO. niloticus. Netto et al. (2017) also
did not observe mortality rates for this species after
being subjected different concentrations of the essential
oils of O. basilicum and Cymbopogum flexuosus for
anesthesia and sedation. EOOG also proved to be safe
for R. quelen (Silva et al. 2015), Colossoma
macropomum (Boijink et al. 2016), B. amazonicus
(Ribeiro et al. 2016), and O. niloticus (Adewale et al.
2017). According to Keene et al. (1998) and Ross and
Ross (2008), the ideal concentration of an anesthetic
should induce anesthesia in fish in less than 180 s and
have a recovery time of less than 300 s. Thus, 90 and
150 mg L−1 EOOG would be the most suitable concen-
trations for juvenile O. niloticus with an average weight
of 45 g. Adewale et al. (2017) indicated EOOG concen-
trations between 60 to 100 mg L−1 for anesthesia of
O. niloticus with an average weight of 20 g.

Ventilation frequency is a useful parameter for un-
derstanding the physiology of fish when using anes-
thetics (Alvarenga and Volpato 1995). The juvenile of
O. niloticus in the present study had a higher VF during
anesthesia induction and recovery with 30 mg L−1

EOOG. Increased fish VF during induction may be
related to the disturbance caused by a stressor in the
water (anesthetic) (Matthews and Varga 2012). Howev-
er, after the first minutes of contact with an anesthetic,
VF decreases considerably (Becker et al. 2012). Silva
et al. (2019) did not establish a direct relationship be-
tween anesthetic concentration of the essential oils of
L. alba and L. origanoides and VF for C. macropomum,
with the exception of the anesthesia stage at 200 μL L−1

L. origanoides EO, which led to a lower VF than did
25 μL L−1, suggesting that this relationship may be
species-specific.

Plasma glucose was higher in fish anesthetized with
30 mg L−1 EOOG immediately after induction. Fish in
stressful situations, such as biometry and transport, for
example, release catecholamines and corticosteroids
that activate the processes of gluconeogenesis and gly-
cogenolysis, which mobilize and increase glucose in the
bloodstream to deal with the increased energy demand
(Barton and Iwama, 1991; Wendelaar Bonga 1997;
Pankhurst 2011). However, the hyperglycemia ob-
served with 30 mg L−1 EOOG after induction may be
related to increased fish agitation and hypoxia caused
during this step. A similar phenomenon was described
by Hohlenwerger et al. (2016) during anesthesia of
O. niloticus with the essential oil of L. alba, with the
glycemia tending to gradually return to normal levels
(Teixeira et al. 2017; Santos et al., 2020), as observed
after 1 h of recovery in the present study.

The elevation of hematocrit in O. niloticus juveniles
anesthetized with 90 mg L−1 EOOG characterizes
hemoconcentration caused by osmoregulatory adjust-
ments (Houston et al. 1996; Mcdonald and Milligan

Table 1 Water quality parameters (mean ± standard deviation) after 4.5 h of transport of juvenile O. niloticus in plastic bags containing
water with different concentrations of essential oil of Ocimum gratissimum L.

EOOG concentrations Temperature (°C)ns Dissolved oxygen (mg L−1)ns pHns Total ammonia (mg L−1)ns

0 mg L−1 (ethanol) 25.74 ± 0.11 15.14 ± 1.58 6.49 ± 0.13 0.54 ± 0.41

5 mg L−1 27.70 ± 0.21 14.10 ± 1.09 6.61 ± 0.13 0.59 ± 0.38

10 mg L−1 25.68 ± 0.16 13.53 ± 1.38 6.64 ± 0.07 0.68 ± 0.43

P values 0.7881 0.357 0.1506 0.9702

ns Not significant
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1997); however, all treatments showed similar values at
1 h post-recovery. Increased hematocrit has also been
observed for other species during anesthesia with euge-
nol (Hill and Forster 2004; Pádua et al. 2012; Ribeiro
et al. 2019).

Tissue cells maintain a balance between prooxidant
and antioxidant agents in situations that do not cause
discomfort to animals (Poli et al. 2012). When an im-
balance occurs between these agents, the oxidative
stress process begins, characterized by the formation
of ROS, which cause lipid and protein oxidation
(Esterbauer 1996; Baldissera et al. 2020). At the time

of anesthesia induction, fish may experience a situation
similar to hypoxia due to decreased VF. During recov-
ery from anesthesia, tissue reoxygenation occurs and
may affect the synthesis of ROS in tissues (Gressler
et al. 2014; Velisek et al. 2011). The handling of fish
in water and water with low concentrations of ethanol
can affect the prooxidant and antioxidant balance and
cause tissue damage (Souza et al. 2018). In the current
study, ROS was produced in the liver and kidney 1 h
after recovery in O. niloticus anesthetized with EOOG.
This increase can be understood as an aversive response
of the organism to EOOG. The main compound of

Fig. 8 Biochemical and hematological parameters of
Oreochromis niloticus measured after transport with essential oil
of Ocimum gratissimum (EOOG). Basal group: fish not
transported. Ethanol group: 0 mg L−1 EOOG. Plasma glucose
(a), hematocrit (b), and plasma protein (c). Values (mean ± stan-
dard deviations) (N = 12 animals per treatment). The data were

analyzed by two-way ANOVA, followed by Tukey post-test
(P < 0.05). Different lowercase letters indicate a significant differ-
ence between concentrations at the same time (after induction or
1 h after recovery). Different capital letters indicate a significant
difference between times for a given concentration. Asterisk indi-
cates a significant difference from the basal group
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EOOG used in this study was eugenol (Silva et al.
2012). Despite its analgesic and antioxidant properties,
the concentration of eugenol used can cause cytotoxic
effects and increase ROS in tissues (Atsumi et al. 2005;
Bezerra et al. 2017).

The increase of antioxidant enzymes in tissues is relat-
ed to oxidative substances that stimulate the antioxidant
defense system (Yu 1994; Łuczaj et al. 2017). SOD is one
of the main enzymes involved in the clearance of ROS
produced in cells (Cheeseman and Slater 1994). This
enzyme functions by converting ROS to H2O2 and H2O,
and then convert H2O2 and O2 by the enzymatic action of
catalases (CAT) and glutathione peroxidase (GPx) (Li
et al. 2009; Velisek et al. 2011). The highest values for
hepatic, kidney, and brain SOD were observed 1 h after
recovery for O. niloticus juveniles exposed to 0 and
90 mg L−1 EOOG. This increase suggests an attempt by
the organism to revert to the synthesis of ROS in tissues
after anesthesia with EOOG.

TBARS analysis is commonly used to assess oxidative
damage, with lipid peroxidation being responsible for the
loss of cell function under oxidative stress (Huang et al.
2003). Higher levels of TBARS in the kidney were ob-
served 1 h after recovery of fish exposed to EOOG.
Increased levels of TBARS in the kidney characterize
the synthesis of lipid peroxidation, which indicates the
possible development of oxidative stress when using
EOOG to anesthetize O. niloticus. Recently, Souza et al.
(2018) observed higher levels of TBARS in the kidney of
R. quelen immediately after anesthesia with L. alba es-
sential oil of the linalool chemotype. However, these
authors found that these values were reduced after 8 h of
recovery. In addition, the levels of gill, kidney, and brain
NPSH and hepatic, kidney, and brain protein remained
elevated 1 h after the recovery of O. niloticus exposed to
EOOG. This observation demonstrates the protection of
cellular proteins against oxidation through the NPSH
redox cycle or by directly detoxifying ROS caused by
exposure to stressors (Ruas et al. 2008). When evaluating
the effects of different chemotypes of the essential oil of
L. alba in R. quelen, Souza et al. (2018) observed that the
linalool chemotype was able to reduce damage to lipids
and proteins in the liver and kidney; however, the same
did not occur after 8 h of recovery of fish anesthetized
with the citral chemotype, demonstrating that oxidative
defenses were not completely capable of reducing ROS
synthesis or preventing tissue damage.

The EOOG concentrations used in the present study
did not lead to changes in water quality or plasma

protein levels of O. niloticus juveniles at the end of
transport. Favero et al. (2019) also did not find any
differences in water quality parameters and plasma pro-
tein values for juvenile Lophiosilurus alexandri
transported in water containing eugenol. In addition,
the water quality parameters were within acceptable
levels for O. niloticus at the end of transport (Shoko
et al. 2014).

There was an increase of plasma glucose of
O. niloticus immediately after transport with
10 mg L−1 EOOG. This hyperglycemia may be
due to the increased energy demand and metabolic
responses of fish during stressful situations (Barton
and Iwama, 1991; Wendelaar Bonga 1997; Velisek
et al. 2011). Juveniles of C. macropomum
transported with eugenol also showed an increase
in plasma glucose shortly after transport and a
reduction to basal levels after 96 h of recovery
(Santos et al., 2020). The lower hematocrit of
O. niloticus transported with 10 mg L−1 EOOG
may also be associated with acute and induced
stress (Mcdonald and Milligan 1997; Navarro
et al. 2016) or hemodilution through osmoregula-
tory mechanisms (Houston et al. 1996). The use of
eugenol as a sedative and anesthetic for juvenile
L. alexandri also decreased hematocrit values
(Favero et al. 2019; Ribeiro et al. 2019). However,
despite these differences in glucose and hematocrit,
survival after 96 h was 100%, and the animals
started to feed again within 24 h after the end of
the test.

Conclusions

Concentrations of 90 and 150 mg L−1 of essential oil of
Ocimum gratissimum (EOOG) are considered ideal for
anesthetizing O. niloticus juveniles with an average
weight of 41 g. In spite of the use of 90 mg L−1 EOOG
prevented elevated plasma glucose, it may have caused
lipid damage to the kidneys and changes to the antiox-
idant defense system by increasing hepatic and brain
ROS concentration and reducing brain TBARS activity.
Additional studies analyzing the effect of these concen-
trations on different times of anesthesia and recovery
will allow a better understanding of the efficacy of
EOOG for O. niloticus. The concentration of 5 mg L−1

EOOG can be indicated for the transport of O. niloticus
with an average weight of 12 g for 4.5 h.
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