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Abstract The aim of this study was to evaluate the haematological, biochemical and body temperature
parameters of pacu Piaractus mesopotamicus juveniles after capture stress followed by anaesthetic induction.
Fish (30.4+1.4 g) were divided into five groups (12 fish each group): control (water only handling), ethanol
handling (600 pL L"), handling with 100, 350 and 600 mg L' of essential Ocimum basilicum oil. Fish were
caught and anaesthetised, followed by biometric handling, blood collection and thermographic images.
Increased anaesthetic concentrations had a linear positive effect on haemoglobin content, erythrocytes,
mean corpuscular haemoglobin concentration (MCHC), monocytes and granular leukocyte PAS positive
(LG-PAS) (P<0.05). A quadratic effect (P<0.05) was observed for lymphocytes, with a maximum peak at
the 350 mg L concentration. The fish surface temperature ranged was 25.9-29.9°C, with the highest values
in the non-anaesthetised fish’s cephalic regions. The fish anaesthetised with the O. basilicum essential
oil 100 mg L' concentration showed a lower surface temperature. Using O. basilicum essential oil in
biometric handling procedures was unable to prevent stress-related haematological alterations in juvenile
pacu. Employing infrared thermography to assess surface temperature provides useful data to understand
the effects of anaesthesia on fish, but more studies are needed to better understand this technique as a
measure of well-being in fish farming.

Keywords Aquaculture stress . Basil . Fish haematology . Infrared thermography in fish

Introduction

Pacu Piaractus mesopotamicus is a large fish with a promising potential for aquaculture in South American
countries that is naturally found in the Parana River Basin covering parts of Paraguay, Uruguay, Argentina
and Brazil (Jomori et al. 2005; Urbinati and Gongalves 2013). It is characterized by its rusticity, fast growth,
easy adaptation to artificial feeding and good consumer acceptance thanks to its excellent quality meat
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(Urbinati and Gongalves 2013). It also has a very high cultivation potential in different production systems,
and was one of the main species of native fish produced in Brazil in 2019 (IBGE 2020). This fish species has
been used as a good model for studies to validate natural anaesthetics, such as menthol, eugenol (Gongalves
et al. 2008; Rotili et al. 2012; Sanchez et al. 2014), and essential oils of Lippia sidoides and Lippia alba
(Ventura et al. 2019 ab).

Studies have revealed that the handling stress caused by capture, biometrics and transport harm some
fish species’ well-being (Boijink et al. 2016; Ribeiro et al. 2016; Ventura et al. 2019ab; Ventura et al.
2020a). The pattern of response to the effects of anaesthetics as stress reducers in fish appears species-
specific, which is why haematological parameters have been used as markers of fish health status (Padua et
al. 2013; Ventura et al. 2019ab) Total protein in serum reflects fish nutritional and metabolic status, which
indirectly affects non-specific immunity levels (Ortuno et al. 2001), and may also represent chronic disease
or liver failure (Ranzani Paiva et al. 2013). Serum glucose can be utilized as a reliable quantitative measure
of stress in fish (Ortuno et al. 2001; Ni et al. 2014). Fish plasma chloride levels can be induced by stress
(Becker et al. 2012, 2016) from increased branchial blood flow and enhanced cell permeability, which result
in ionic loss (Becker et al. 2012).

During handling practices, such as biometrics and hormonal induction in breeders, fish are often
exposed to changes in ambient temperature when they are caught, removed from water, and are exposed
to air and solar radiation. Room temperature is directly related to fish physiology (Wosnick et al. 2018)
and, thus, temperature in fish determines important physiological characteristics like metabolism and
cardio-ventilatory dynamics (Wosnick et al. 2019). Studies have elucidated the combined effects of water
temperature and air exposure on fish survival (Silva et al. 2012; Cockrem et al. 2019; Mattioli et al.
2019), but very little is known about how air temperature impacts the external body temperature of fish
subjected to handling when natural anaesthetics are administered. Assessing thermal dynamics on exposure
to air provides a better understanding of the stressful effects that animals are exposed to when they are
moved from water to air. Thermographic studies allow not only the real-time visualization of changes
in the radiative energy emanating from an object, but also surface temperature estimations (Cilulko et
al. 2013). This technology enables assessments of the physiological responses associated with external
temperature and heat distribution patterns in animals to be made (Tattersall and Cadena 2010; Wosnick et
al. 2018, 2019). This is relevant because the physiological responses of animals exposed to various stress
factors determine changes in body temperature (Cilulko et al. 2013). Furthermore, in fish cutaneous nerves
sense ambient temperature and respond by changing skin temperature via a feedforward signal mechanism
(Romanovsky 2014; Gorissen and Flik 2016).

In aquaculture, sedation or anaesthesia is a necessary practice in various handling situations such
as biometrics, hormonal induction, gamete collection, vaccination and transport (Mylonas et al. 2005).
Several drugs such as tricaine methanesulfonate (MS-222), 2-phenoxyethanol, quinaldine, benzocaine and
methomidate are used as anesthetics in aquaculture (Bolasina et al. 2017; Hedayati 2018; Botrel et al. 2019).
However, damage to fish has been observed when exposed to these drugs (Purbosari et al. 2008; Ventura
et al. 2020; Macova et al. 2021). In addition, they leave residues in muscle tissue, being a food safety risk
(Mylonas et al. 2005). Given this perspective, natural alternatives to the use of synthetic anesthetics are
needed. Essential oils are some of the natural agents studied for anesthetic purposes in fish (Ventura et al.
2019ab; Purbosari et al. 2021; Ventura et al. 2021).

Ocimum basilicum essential oil is popularly known as basil. It is characterized by high genetic diversity,
with variations in morphological characteristics, size, color and chemical composition (Singh et al. 2018).
With a wide geographic distribution, this species has numerous beneficial effects in popular medicine:
antimicrobial, antifungal, anticancer, antioxidant, antispasmodic, anti-inflammatory, calming, sedative and
analgesic potential (Mahajan et al. 2013; Uritu et al. 2018). In aquaculture, studies have demonstrated
the anaesthetic and sedative potential of O. basilicum essential oil in fish, such as: tambacu (Piaractus
mesopotamicus male x Colossoma macropomum female; Lima Netto et al. 2016); Nile tilapia (Oreochromis
niloticus Lima Netto et al. 2017; Ventura et al. 2020ab); clownfish (4dmphiprion clarkii Correia et al.
2018); tambaqui (Colossoma macropomum Ventura et al. 2021). Yet to date no studies have assessed the
physiological impacts on and their relation to infrared radiation in fish undergoing essential oil anaesthesia. In
this context, infrared thermography is a relatively non-invasive technology to assess potential physiological
changes in fish exposed to air and subjected to anaesthesia during biometric handling practices. This study
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aimed to evaluate the haematological, biochemical and infrared temperature parameters in pacu Piaractus
mesopotamicus juveniles (30.4 g) anaesthetised with O. basilicum essential oil.

Materials and methods
Essential oil

The O.basilicum essential oil here in employed was commercially purchased (Phytoterapica®, Nova
Cantareira, Brazil). Methyl chavicol (66.51%) and linalool (20.90%) was the main compounds with minor
components comprising 12.57% (Ventura et al. 2020a). Essential oil concentrations were diluted 1:10 with
ethanol to obtain anaesthetic solutions. This study was conducted in accordance with the Ethics and Animal
Welfare Committee/Federal University of Mato Grosso do Sul (Approval no. 976/2018).

Animals

Pacu P. mesopotamicus juveniles weighing 30.4+1.4 g and of total length 9.3+1.4 cm (n=60) were kept
in a 500-litre fibreglass tank for 30 days to acclimatise in the facilities of the Aquaculture Production
Laboratory of the Federal University of Grande Dourados in the municipality of Dourados (22° 14°51.91”’S/
54°47°23.1170), Mato Grosso do Sul, Brazil. Fish were fed a commercial diet (From fish Douramix®) of
pellet size of 2-3 mm (36% crude protein; 4.0% crude fiber; 11.0% mineral matter; 7.0% ether extract;
12.0% moisture; 2.2% calcium) calcium) 3 times a day until apparent satiety. Feeding was suspended 24
h before the experiment.

Water physico-chemical variables

The following physico-chemical water quality parameters were measured: dissolved oxygen (5.7£0.9 mg
L") and temperature (25.2+1.4°C) with the help of a portable oximeter (Ysi 550 — YSI incorporated®), pH
(6.7+0.4) with a pH meter (HI8314 — Hanna instruments) and total ammonia nitrogen concentration (NAT)
(0.10+0.02 mg L") measured by a colorimetric kit (Alfakit®). These values are considered ideal for tropical
fish cultivation according to Boyd (1998).

Experimental design

After the acclimatization period, fish were exposed to capture and handling stress followed by anaesthesia
with O. basilicum essential oil. They were divided into five groups (12 fish each group): control (only water
handling), handling with ethanol (600 pL L"), handling with 100, 350 and 600 mg L' of O. basilicum essential
oil. These oil concentrations were the equivalentto 111,389 and 667 uL L}, respectively, considering that O.
basilicum essential oil density was 0.90 g mL™'. The O. basilicum essential oil concentrations were chosen
based on the criteria for promoting light and deep anaesthesia according to Woody et al. (2002) during
previous tests. Ethanol treatment was used to see if it was capable of inducing sedation or anaesthesia and
change some physiological parameter as well as the surface temperature of pacu P. mesopotamicus. The
stage 3 anaesthesia procedure and biometric handling were carried out according to Ventura et al. (2021).
Survival was monitored up to 96 h after anaesthetic induction.

Haematological and biochemical analyses

Arterial-venous blood samples were collected from the tail vein using a syringe with 10% EDTA
(ethylenediaminetetraacetic acid) as an anticoagulant. With the collected blood, two aliquots were separated
and analysed for haematocrit, haemoglobin, total number of erythrocytes, mean corpuscular volume
(MCV), mean corpuscular haemoglobin concentration (MCHC) and blood smears in duplicate for the total
and differential counts of thrombocytes and leukocytes according to the methodology described by Ranzani
Paiva et al. (2013).

The second blood aliquot was centrifuged at 3,000 rpm for 7 min to obtain plasma (Fanem Centrimicro,



264 Int Aquat Res (2021) 13:261-270

Brazil) and was later stored at —20°C. Glucose, total plasma protein and chloride (CI-) were measured with
plasma by spectrophotometry (1203 UV, Shimadzu, Japan) with a commercial kit (Labtest®). Samples
were analysed in a pool (3 fish for 1 sample). Four samples were analysed per treatment.

Infrared thermography analysis

Thermal images were taken by a thermal imager camera (Model Testo® 880 Texto, Lenzkirch, BR,
Germany). Water temperature was measured by a portable oximeter (Ysi 550 — Y SI incorporated®). Relative
humidity, air temperature and distance from the animal were measured by the camera and then calibrated
according to daily conditions following a thermal measurement protocol (Kastberger and Stachl 2003). The
emissivity coefficient was set at 0.98-0.99 energy units (Kastberger and Stachl 2003). Thermograms were
analysed by FLIR software tools (FLIR Tools 2.1®-E40).

Thermal images were obtained before anaesthesia, immediately after anaesthesia and after recovering
from anaesthetic with O. basilicum essential oil. The ethanol group fish were not measured at surface
temperature. Three main fish regions were measured: (I) head, comprising the region from the mouth to
the caudal edge of the operculum; (II) body, including the region between the end of the opercle and the
peduncle of the caudal fin; (II1) tail, consisting in the insertion to the final edge of the caudal fin. Ten points
were randomly selected in each body region (30 in all per fish). The average of each body region was used
to estimate the temperature at each evaluated time (before anaesthesia; immediately after anaesthesia; after
recovering from anaesthesia). The temperature in each target was observed by the colour pattern, which
indicated the variation in the thermal values according to the electromagnetic spectrum identified by the
colour palette in the thermogram (adapted from Wosnick et al. 2018).

Statistical analysis

The collected data were submitted to SAS (Version 9.1.3, SAS Institute, Cary, NC 2004) to verify the
normality of residues and the homogeneity of variances by PROC UNIVARIATE. Data were subjected to
an analysis of variance by the PROC MIXED of the SAS command by taking the following mathematical
model:

Y=ut A T,

where, u = overall mean, 4, = fixed treatment effect and e, = experimental error. To evaluate the experimental
treatments, a polynomial regression analysis was performed using the PROC REG of the SAS at a 5%
significance level.

The data referring to heat emission by infrared thermography were subjected to repeated measurements
over time by the PROC MIXED of the SAS command by applying the following mathematical model:

Vu=pt A+ T+AxT + ey

where, u = overall mean, 4, = fixed treatment effect, T/ = time effect, 4 ><T,_/_ = interaction effect and e,
= experimental error. To evaluate the experimental treatments, a polynomial regression analysis was
performed using the PROC REG of the SAS with a 5% significance level.

Results

The increase in the O. basilicum essential oil anaesthetic concentrations had a positive linear effect on
haemoglobin content (Y= 5.934 + 0.345X), number of erythrocytes (Y=1.131 -0.00145X) and MCHC (Y=
16.356 + 1 .18X). A negative linear relation was verified for MCV (Y=22.334 +2.145X). The percentage of
haematocrit and biochemical parameters of total plasma protein, glucose and chloride were not significantly
different (Table 1). Ethanol did not influence the haematological parameters of pacu P. mesopotamicus
juveniles. After the experimental period, no mortality was recorded in the different treatments.

Increased anaesthetic O. basilicum concentrations had a positive linear effect on number of monocytes
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(Y=1795 +114.54X) and LG-PAS (Granular leukocyte PAS positive) (Y= 2290 +105.547X) circulating in
blood. A quadratic effect was observed (Y= 16116 +1.105X -0.0012x2) for circulating lymphocytes, with a
maximum peak at the O. basilicum essential oil 350 mg L' concentration. Total leukocytes, thrombocytes,
neutrophils, eosinophils, immature leukocytes and basophils were not significantly different (Table 2).

The water temperature range during the experimental period was 23.7-26.6°C. Fish surface temperature
ranged from 25.9°C to 29.9°C. A quadratic relation was observed in the head region (Y= 27.785-0.567X
+0.0011x2), with a higher temperature in the non-anaesthetised fish (29.9°C) and a lower one (26.4°C) in
the fish anaesthetised with the O. basilicum essential oil 100 mg L' concentration (Table 3).

The thermal images of the body region revealed that no time-treatment interaction; that is, the different
O. basilicum essential oil concentrations induced changes in the heat emission of the pacu P. mesopotamicus
juveniles according to the time point (before anaesthesia, immediately after anaesthesia and after recovering
from anaesthesic) (Table 3). The body region underwent a quadratic effect (Y=27.722 -0.782X +0.0021x2)
with a higher surface temperature in the non-anaesthetised fish (28.9°C) and a lower one (26.6°C) in the fish
anaesthetised with the O. basilicum essential oil 100 mg L' concentration (Table 3). A quadratic relation
was noted (Y=27.095 -0.487X +0.0017x2) in the tail region, with a lower surface temperature (25.9°C) in
the fish anaesthetised with the O. basilicum essential oil 100 mg L' concentration, while fish in the control

Table 1 Mean values of the erythrocyte and biochemical parameters of pacu Piaractus mesopotamicus submitted to anaesthetic in-
duction with Ocimum basilicum essential oil.

Ocimum basilicum Orthogonal contrast

Parameter 4 0 1 1 a . . 2

Ethanol OmgL 100 mg L 350 mg L 600 mg L SEM Linear  Quadratic R
Haematocrit (%) 29.75 26.00 26.75 26.00 26.50 0.92 0.9365 0.9526 -
Haemoglobin (g dI"')* 5.07 491 5.00 6.99 7.70 0.45 0.0072 0.6662 0.12
Erythrocytes (x107) * 0.695 0.61 1.12 1.60 1.63 0.15 0.0074 0.3446 0.14
MCV(fL) * 479.42 996.45 246.37 205.73 166.91 13.12 0.0226 0.1260 0.17
MCHC (g dL_l)* 18.23 18.58 18.76 26.92 29.19 1.53 0.0009 0.6170 0.19
Total proteins (mg dI™") 3.75 4.10 4.15 435 4.65 0.12 0.1014 0.6017 -
Glucose (mg dI'") 63.50 56.82 65.80 58.64 80.31 433 0.1050 0.4468 -
Chloride (mE dL™) 331.06 330.00 324.10 333.34 339.65 5.11 0.4502 0.5876 -

MCV- Mean Corpuscular Volume; MCHC- mean corpuscular haemoglobin concentration. * SEM- standard error of the mean.
* = linear regression.

Table 2 Mean values of the white blood cell counts of pacu Piaractus mesopotamicus submitted to anaesthetic induction with Ocimum
basilicum essential oil

Parameter Ocimum basilicum Orthogonal contrast

Ethanol OmgL! 100 mg L™ 350 mg L 600 mg L™! SEM? Linear Quadratic R?
Leukocytes (x 10° pl™) 43.07 25.88 26.74 35.13 29.86 4.08 0.6111 0.7314 -
Thrombocytes (x 10° ") 17.87 14.37 12.81 25.28 28.08 4.43 0.2147 0.8156 -
Neutrophils (x 10° ") 32.18 21.43 8.00 8.32 10.21 2.20 0.0703 0.0639 -
Eosinophils (x 10° ul™") 1.41 1.76 0.88 0.52 0.93 0.25 0.2236 0.2042 -
Lymphocytes (x 10° pl!)** 10.32 9.52 20.41 21.09 12.65 1.48 0.1614 <0.0001 0.21
LG-PAS (x 10° pl"y* 1.46 0.21 2.08 2.89 3.99 0.51 0.0067 0.6494 0.18
Monocytes (x 10° pl™)* 2.74 0 1.88 231 3.99 0.41 <0.0001 0.3130 0.19
Leukocytes Immature (x 10° pl™") 26.10 11.38 16.30 23.06 22.13 2.84 0.1540 0.6197 -

LG-PAS - Granular leukocyte PAS positive. * SEM- standard error of the mean. * = linear regression. ** = quadratic regression.

Table 3 Thermographic evaluation of the pacu Piaractus mesopotamicus submitted to anaesthetic induction with Ocimum basilicum
essential oil

Anaesthesia Orthogonal contrast
Parameter SEM*
0 100 350 600 Treatment Time Interaction Linear  Quadratic R?
Head** 29.92 2645 26.74  28.03 3.77 0.0085 0.8089 0.8757 0.0892 0.0070 0.35
Body** 2899  26.64 2691 2835 3.33 <0.0001 <0.0001 <0.0001 0.0002 <0.0001 0.37
Tail** 28.12 2589 2653 27.84 3.46 <0.0001 0.1452 0.1818 0.8054 <0.0001 0.42

*SEM- standard error of the mean. ** = quadratic regression.
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group (non-anaesthetised) had a higher surface temperature (28.1°C) (Table 3).
Discussion

The treatments imposed on fish did not alter the haematocrit percentage, which suggests that the O.
basilicum essential oil anaesthetic concentrations did not influence this variable. Similar results have
been observed in tambaqui C. macropomum anaesthetised with clove oil (Padua et al. 2013) and matrinxa
Brycon amazonicus juveniles anaesthetised with Ocimum gratissimum essential oil (Ribeiro et al. 2016).
The positive linear effect on haemoglobin, erythrocytes and MCHC levels herein observed could indicate
higher oxygen demand during anaesthesia. Changes like these can be suggestive of a stressful effect and/
or respiratory dysfunction (Hashimoto et al. 2016; Ventura et al. 2020a). However, in the P. mesopotamicus
pacus juveniles anaesthetised with menthol, eugenol and L. sidoides essential oils, no changes in the
haematological parameters were observed immediately after handling and anaesthesia (Sanchez et al. 2014;
Ventura et al. 2019a). This could be due to not only the different compositions of the employed anaesthetic
agents, but also the applied anaesthetic concentration (Bowker et al. 2015). Therefore, the haematological
alterations observed in the present study indicated that exposure to O. basilicum essential oil required fish
adaptive response mechanisms.

Physiometabolic changes occur with a rise in blood cortisol levels, observed by a larger number of
erythrocytes and a drop in MCV (Vosyliené¢ 1999), which corroborate the results herein obtained. In
tambaqui exposed to Ocimum gratisimum essential oil, blood parameters of erythrocyte numbers and MCV
were similar between treatments (Boijink et al. 2016). Thus it can be inferred that the evaluated anaesthetic
concentrations induce a high anaesthesia level with changes in blood flow and cardiac dynamics, which are
easily observed by MCV lowering in accordance with an increasing anaesthetic concentration.

Total plasma protein determination is of much clinical importance because these concentrations can be
altered by the osmotic imbalance between plasma extracellular and intracellular compartments, and any
stress that induces this imbalance can lead to declining plasma protein (Barton and Iwama 1991). However,
no changes in this parameter were observed in the present study, which corroborates the hypothesis that
handling followed by O.basilicum essential oil anaesthesia does not induce osmoregulatory imbalance
because chloride levels did not influence treatments.

With the activation of the hypothalamic-pituitary-interrenal axis in stressful situations, metabolic
changes can occur like increased glucose and osmoregulatory disturbances in fish (Barton 2002). In the
present study, the stimulation of anaesthesia and handling with O. basilicum essential oil did not change
glucose and chloride levels. These results fall in line with the study performed in tambaqui C. macropomum
submitted to anaesthesia with 800 pL L' of O. basilicum essential oil, which reported a higher plasma chloride
level (Ventura et al. 2021). However, when adding this same essential oil at the 20 uL L' concentration to
Nile tilapia O. niloticus transport water, plasma glucose levels did not alter, but the chloride level lowered
(Ventura et al. 2020a). This can be attributed to variations in physiological responses between fish species,
and to the different O. basilicum essential oil concentrations used in these studies.

Variation in the number of circulating leukocytes can be attributed to a generalised immune system
response triggered by physiological stress and, consequently, affecting health status (Vosyliené 1999).
However, in fish, white blood cell counts can be influenced by several factors (Clauss et al. 2008). In the
present study, anaesthesia with O. basilicum essential oil followed by pacu P. mesopotamicus juveniles
handling had no influence on the number of thrombocytes, neutrophils, eosinophils, basophils and immature
leukocytes. This might be attributed to the fact that some fish are more sensitive to stress, while others
possess a better tolerance capacity (Ahmed et al. 2020).

An increase in leukocytes can take place with acute stress in most fish species, and is considered as an
attempt to recover homeostasis imbalance. In turn, a drop in leukocyte counts can be attributed to immune
system weakening (Ranzani-Paiva et al. 2013). In our study, the number of circulating leukocytes was
not influenced by treatments. Similar results have been reported for Nile tilapia O. niloticus exposed to
L. sidoides and Mentha piperita essential oil (Hashimoto et al. 2016), and for tambaqui C. macropomum
receiving M. piperita essential oil (Ferreira et al. 2019). However, changes in the haematological conditions
of different fish species can be influenced by endogenous and exogenous factors (Ahmed et al. 2020), and
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the effect of the stressful stimulus on haematological parameters depends on the stress level and exposure
time.

Lymphocytes are responsible for organism humoral and cellular immunity (Tavares-Dias and Oliveira
2009). Their work recorded a rising number of lymphocytes up to the O. basilicum essential 0il 350 mg L"!
concentration, with similar results for the tambaqui C. macropomum anaesthetised with 50 mg L' clove oil
and 100 mg L' benzocaine (Padua et al. 2013). However, lymphopenia in the present study was observed
in the fish anaesthetized at the 600 mg L' O. basilicum essential oil concentration, which was possibly due
to the action of increased plasma cortisol and is suggestive of a stressor effect (Bishkoul et al. 2015). Thus
it is possible to infer that the 600 mg L' concentration of O. basilicum essential oil anaesthesia may result
in a fish immune system imbalance and make fish susceptible to pathogens (Pickering and Pottinger 1985).

Monocytes act by inflammatory reaction and immune response in which phagocytosis occurs, and
are extremely important for the host’s defence mechanisms (Ranzani Paiva et al. 2013). An increasing
number of these cells in the peripheral blood of the pacu P. mesopotamicus anaesthetised with O. basilicum
essential oil suggests that a rise in anaesthetic concentrations induces homeostatic imbalance in fish, and
the organism attempts to reverse this adverse condition by increasing defence cells. Similar results have
been obtained In Nile tilapia O. niloticus exposed to M. piperita essential oil at 40 mg L' (Hashimoto et al.
2016). A growing number of granular leukocyte PAS positive is related to stress (Tavares-Dias and Oliveira
2009), and the same situation has been found in tambaqui C. macropomum anaesthetised with 50 mg L' of
clove oil (Padua et al. 2013). Therefore, the higher the anaesthetic O. basilicum essential oil concentration,
the better the response of haematological variables to induced stress in pacu P. mesopotamicus juveniles.

Temperature was not uniformly distributed over the body surface of the pacu P mesopotamicus
juveniles anaesthetised with O. basilicum essential oil. Similar results have been reported in elasmobranch
fish exposed to air (Wosnick et al. 2019). Some fish species are able to maintain higher body temperatures
given the presence of countercurrent heat exchangers (Tubbesing and Block 2000). In this way, they are
able to minimise heat loss through gill ventilation (Carey et al. 1971).

The non-anaesthetised fish presented a higher temperature in the different evaluated regions. This could
be due to changes in blood flow occurring during escape situations, e.g. during capture stress (McCafferty
2007). Rising stress hormone levels lead to a higher ventilation rate, increased branchial blood flow and
greater cardiac output (Randall and Perry 1992), which could be associated with higher temperature.
Some studies indicate a rapid increase in body surface temperature in elasmobranchs while exposed to air
(Wosnick et al. 2019).

When anaesthetising fish at the 100 mg L' concentration, heat emission lowers. This can be explained
by reduced blood flow and a lower respiratory rate in anaesthetised fish (Zahl et al. 2009). Although heat
emission is influenced by core body temperature, the rate and magnitude of this change are unknown
(Romanovsky 2014). Specific changes in heat emission occur in elasmobranchs depending on species, size,
body region and water temperature (Wosnick et al. 2019).

Studies in mammals have revealed a relation between infrared thermal imaging and hypothalamic-
pituitary-interrenal axis activity as being indicative of stress (Cook et al. 2001). With rising anaesthetic
concentrations, the surface temperature increases in different regions of pacu P. mesopotamicus juveniles,
although anaesthetic agents are used in aquaculture to mitigate handling stress effects (Becker et al. 2012;
Ventura et al. 2021). At high doses, they can trigger harmful body reactions similarly to those observed in
stress situations (Kanani et al. 2013), which corroborates the hypothesis that infrared thermography can be
used to detect and measure adverse fish reactions.

Conclusion

O. basilicum essential oil administered at the 100, 350 and 600 mg L' concentrations was unable to
mitigate the handling stress effects on the haematological parameters of pacu juveniles. The evaluated
concentrations induced a high anaesthesia level with changes in blood flow and cardiac dynamics, but
did not alter metabolic and osmoregulatory parameters. Skin temperature measurements taken by infrared
thermography can quickly provide useful data for understanding the effects of essential oil anaesthesia on
fish, but more studies are needed to better understand the use of this technique as a measure of well-being
in aquaculture.
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