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sues were determined after deep anesthesia. As a result of
this study, O. basilicum at 300 mg L~ dose and E. globulus
essential oils at 400 mg L~ dose showed ideal anesthetic
effects on rainbow trout. Anesthesia induction (stage 4) and
recovery times at this concentration for E. globulus were
found as 186 and 117.5 s, respectively. Anesthesia induc-
tion (stage 4) and recovery times were 220.5 and 61 s for
this concentration in O. basilicum essential oil, respectively.
The toxic effects of essential oils for rainbow trout were

not found. No pathological finding in gill, liver, and kidney
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was observed at the histopathological examination.
Consequently, this study demonstrated that O. basilicum
and E. globulus essential oils can be used as an effective and

safe anesthetic in rainbow trout.

KEYWORDS
anesthesia, aquaculture, essential oil, histopathology, rainbow
trout, sedation

1 | INTRODUCTION

Anesthetics are used in aquaculture to reduce stress and prevent physical injury during handling procedures and
transport (Ananias et al., 2022; Hoseini et al., 2021; Yousefi et al., 2022). The most common anesthetics used in
aquaculture are benzocaine, quinaldine, tricaine methanesulphonate (MS-222), and 2-phenoxyethanol (Ananias
et al., 2022; Priborsky & Velisek, 2018). However, these anesthetics cause undesirable effects such as stressors, gill
irritation, hyperactivity, excessive mucus secretion, and are also expensive (Aydin & Barbas, 2020; Gilderhus &
Marking, 1987; Hoseini et al., 2021; Pali¢ et al., 2006). Therefore, plant essential oils represent an excellent alterna-
tive to replace synthetic products. There is a growing interest in the use of herbal materials in fish anesthesia
because of a wide range of beneficial health effects, including antioxidant, antimicrobial, stress-relieving, and
immune-boosting effects (Hoseini, 2011; Hoseini et al., 2019; Salbego et al., 2015; Zahl et al., 2010; Zeppenfeld
et al., 2014). Therefore, they have recently been widely tested as an anesthetic for fish (Hajek, 2011; Ribeiro
et al., 2016; Silva et al., 2019).

Basil, Ocimum basilicum, is an important essential oil crop and belongs to the Lamiaceae family. It is an economi-
cally important plant distributed in several regions all over the world (Baritaux et al., 1992). The major components
of O. basilicum essential oil were methyl chavicol and linalool (Ventura et al., 2020). O. basilicum essential oil also
stands out for its anesthetic and sedative properties (Limma-Netto et al., 2016, 2017; Ventura et al., 2021). In fish,
anesthetic and sedative effects of O. basilicum essential oil have been reported in the hybrid tambacu, Piaractus
mesopotamicus x Colossoma macropomum (Limma-Netto et al., 2016), juvenile Nile tilapia, Oreochromis niloticus
(Limma-Netto et al., 2017), and in the ornamental fish, Amphiprion clarkii (Correia et al., 2017). In addition, the active
components of essential oils such as linaool in common carp, Cyprinus carpio (Taheri Mirghaed et al., 2016; Yousefi
et al., 2018, 2019), in silver catfish (Rhamdia quelen) (Heldwein et al., 2014) were investigated.

Eucalyptus belongs to the Myrtaceae family and is cultivated in tropical regions (Santos et al., 1996). Essential oil
of Eucalyptus globulus is rich in 1,8-cineole (Baptista-Silva et al., 2020). The anesthetic and sedative effects of Euca-
lyptus sp. have been monitored in catfish (Silva et al., 2021), sea bass, and meager (Bodur et al., 2018). In addition,
the active components of essential oils such as 1,8-cineole in rainbow trout (Taheri Mirghaed et al., 2018), in Caspian
trout, Salmo caspius (Taheri Mirghaed et al, 2022), in common carp (Hoseini et al., 2020; Mazandarani &
Hoseini, 2017) were investigated.

Advantages and disadvantages of the different plant-based anesthetics should be clarified as it could impact fish
health and welfare (Aydin & Barbas, 2020; Souza et al., 2018; Velisek et al., 2006). Histopathological effects of
essential oils, especially the gills are one of the most affected organs because fish come into direct contact with
essential oils (Bhuvaneswari et al., 2015; Brandao et al., 2021; Velisek et al., 2005).

No studies to date have investigated the anesthetic and histopathologic effect of basil and eucalyptus essential
oil in rainbow trout. Therefore, the objective of the present study was to evaluate the anesthetic induction, recovery,
and histopathology effect in rainbow trout exposed to different concentrations of the essential oil of O. basilicum
and E. globulus.
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2 | MATERIAL AND METHODS
21 | Chemical composition of essential oil

O. basilicum and E. globulus essential oils used in the study were obtained from a commercial company (Isparta,
Turkey).

The compositions of essential oils were analyzed using gas chromatography-mass spectrometry (GC-MS). Each
component was identified by comparison from the Wiley, Nist, Tutor, FFNSC library of Mass Spectra. The
component amount was determined by proportioning the relative blocks of the peak areas to the total peak area.

2.2 | Experimental design

This study was conducted in the Egirdir Fisheries Faculty, Isparta Applied Sciences University in Turkey. Healthy
rainbow trout (mean weight of 10 g) were obtained from a commercial farm. A total number of 400 rainbow trout
were stocked in 2 tanks (450 L) with aeration. Fish were acclimated to experimental conditions for 15 days and were
fed as ad libitum twice daily with commercial trout feed. The tanks' water was renewed daily by 50%. The tanks were
cleaned by siphoning out the residual feed and feces. Water dissolved oxygen and temperature levels were mea-
sured using YSI 55A oxygen meter. Water temperature, dissolved oxygen, and pH were 8.2°C, 9.06 mg L%, and 7.9
during the experiment, respectively. After acclimation, the anesthetic efficacy effects of basil, O. basilicum, and euca-
lyptus, E. globulus, essential oils were investigated in the fish. All fish were starved for 24 h prior to the experiment.
Each essential oil concentration was diluted with ethanol (95%) at 1:10 ratio (Limma-Netto et al., 2017). Different
concentrations (20, 50, 70, 100, 150, 200, 300, 400, 500, and 600 mg L~1) of the essential oils were used in the
experiments. The control group contained only ethanol. Ten fish were used to determine anesthesia induction and
recovery times. The fish were individually caught from the holding tanks and placed into the aquariums (10 L) with
continuous aeration and this application was performed in two replicates. The determination of anesthesia stages
were performed with modification from Keene et al. (1998) (Table 1). The duration of each stage was recorded with
a stopwatch. The time to reach stage 4 anesthesia was recorded and then the fish was caught and placed into the

recovery aquarium to record recovery time.

2.3 | Lethal concentration (LCs) of essential oils

Acute toxicity of essential oils was determined according to Velisek et al. (2005). Fish were exposed to essential oils
(70, 100, 150, 200, and 400 mgL™Y) for 10 min. Ten trout (average 10 g) were used for each concentration.

TABLE 1 Anesthesia stages in fish

Stage  Description Behavior exhibited

| Light sedation Equilibrium normal, slow swimming, decreased reactivity to external stimuli, slight
decrease in opercular rate

Il Deep sedation Restlessness, equilibrium normal, voluntary swimming still possible; slight decrease
in opercular rate no response to weak external stimulus

11} Light anesthesia Partial loss of equilibrium; swimming erratic; increased opercular rate; reactive only
to strong tactile and vibrational stimuli

\ Deep anesthesia Total loss equilibrium, lying on one side without movement, opercular movements
slow and irregular; loss of all reflexes
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Mortalities were recorded during the test period and when the fish were transferred to clean water. Mean lethal

concentrations (LCso) were calculated from mortality rates.

24 | Histopathological examination

Tissue samples of fish were taken from induction-recovery trial (stage 4) at 600 mg L~ concentration for histopath-
ological examinations. The fish (10 fish/each group) were euthanized by severing the spinal cords, and tissue samples
(gill, liver and kidney) were obtained. Tissue samples were fixed in 10% neutral formalin and processed by automatic
tissue processing equipment (Leica ASP300S; Leica Microsystem, Nussloch, Germany). The samples were embedded
in paraffin, and 5 um sections were taken by a Leica RM 2155 rotary microtome (Leica Microsystem, Nussloch,
Germany). Then sections were stained with hematoxylin and eosin (HE). Microphotography was performed using the

Database Manual Cell Sens Life Science Imaging Software System (Olympus Corporation, Tokyo, Japan).

2.5 | Statistical analysis

The data were analyzed using the SPSS software version 26.00. Homogeneity of the variances was confirmed by
Levene's test. Normality of data was confirmed by Anderson-Darling test. Kruskal-Wallis test was used because of
lack of preconditions. Nonparametric Bonferroni Dunn multiple range test was used to determine the significant var-
iation (p < 0.05). Wilcoxon test was used to compare eucalyptus and basil separately for each stage and dose combi-
nation. Regression equations were used to explain the relationship between induction and recovery times of

anesthetic concentrations.

3 | RESULTS
3.1 | Chemical composition
3.1.1 | GC/MS analysis

The components of E. globulus and O. basilicum essential oils by GC-MS are given in Tables 2 and 3. Components of
E. globulus and O. basilicum essential oils were 16 and 23, respectively. 1,8-Cineole (85.44%) in E. globulus (Table 2)
and methyl chavicol (estragole) (72.57%) and linalool (21.60%) in O. basilicum (Table 3) were determined as the main

components.

3.2 | Anesthesiainduction and recovery

Concentration increasing of the essential oils decreased anesthesia induction time in fish. However, recovery times
increased by increasing the concentration of these oils. Neither mortality nor abnormal behavior in fish was recorded
after anesthesia. Fish started to feed almost 2 h later anesthesia.

Eucalyptus essential oil had no anesthetic efficiency at 20-50 mg L~* concentrations in trout. The essential oil
at 70-150 mg L~ concentrations showed only deep sedation (stage 2) on the fish. Exactly 200-600 mg L~ concen-
trations of eucalyptus oil showed a deep anesthesia (stage 4) on fish (Table 4). The ideal induction time for deep
anesthesia (stage 4) in fish was determined at 400 mg L~ eucalyptus essential oil. Anesthesia induction and recov-

ery times at this concentration were found as 186 and 117.5 s, respectively (Table 4). As a result of the Wilcoxon
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TABLE 2 Essential oil components of Eucalyptus globulus (%)

Component % Content
Alpha-pinene (—)- 4.32
Camphene 0.01
Sabinene 0.01
Beta-pinene 0.54
Beta-myrcene 0.65
|-Phellandrene 0.51
Alpha-terpinolene 0.13
Benzene, methyl(1-methylethyl)-(CAS) cymol 6.81
1,8-Cineole 85.44
1,3,6-Octatriene, 3,7-dimethyl-(e)-(CAS). Beta-Ocimene y 0.02
Gamma-terpinene 1.38
Cyclohexene, 1-methyl-4-(1-methylethylidene)- 0.04
Benzene, 1-isopropenyl-?-methyl- 0.02
2,4,6-Octatriene, 2,6-dimethyl-, (E,Z)- 0.01
3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)-(CAS) 4-Terpineol 0.02
Beta Fenchyl alcohol 0.09
100.00

test performed in terms of the times obtained in all dose and stages, the differences between basil and eucalyptus
essential oils were not found to be statistically significant.

Basil essential oil had no anesthetic efficiency in trout at 20 mg L~* concentration. The essential oil at
50-100 mg L~ concentrations showed sedation (stage 2) on the fish. Basil essential oil at 200-600 mg L~ concen-
trations showed anesthetic efficiency (stage 4) (Table 5). The lowest effective concentration for deep anesthesia
(stage 4) in fish was 300 mg L~ for basil essential oil. Anesthesia induction and recovery times were 220.5 s and

61 s at 300 mg L~* concentration, respectively (Table 5).

3.3 | Acute toxicity of essential oils

Lethal concentrations (10 min LCso) for both essential oils on fish were not determined at 70-400 mg L™t

concentration.

3.4 | Histopathological findings

At the histopathological examination, no pathological findings were observed in any fishes (Figures 1 and 2).

4 | DISCUSSION

In the current study, 1.8-cineole was found to be the main component in eucalyptus essential oil. Similarly, other

studies have also reported that 1.8-cineole is the main component for eucalyptus oil (Bodur et al., 2018;
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TABLE 3 Essential oil components of Ocimum basilicum (%)
Component % Content
Alpha-pinene, (—)- 0.10
Beta-phellandrene 0.01
2-Beta-pinene 0.06
6-Methyl-5-hepten-2-one 0.13
Beta-myrcene 0.03
Benzene, methyl(1-methylethyl)-(CAS) cymol 0.03
L-Limonene 0.06
1,8-Cineole 0.16
1,3,6-Octatriene, 3,7-dimethyl-, (E)-(CAS). Beta Ocimene y 0.12
Linalool oxide cis 0.14
Linalool oxide trans 0.15
Linalool | 21.60
Methyl chavicol (estragole) 72.57
Acetic acid, octyl ester 0.02
Z-citral 0.36
E-citral 0.57
L-Menthyl acetate 0.01
Copaene <alpha-> 0.03
Cis 3 hexenyl lactate 0.08
Elemene <beta-> 0.04
Benzene, 1,2-dimethoxy-4-(2-propenyl)-(CAS) Methyleugenol 0.02
Caryophyllene 0.34
Bergamotene <alpha-trans-> 0.67
100.00

Silva et al., 2021). Basil, O. basilicum, is rich in essential oils that mainly contain estragole and linalool (Sharopov
et al., 2016). In the present study, it was determined that basil, O. basilicum, essential oil contain high levels of
estragole (72.57%) and linalool (21.60%). Similarly, Ventura et al. (2020) noted that major constituents of the O.
basilicum essential oil were methyl chavicol (estragole) (66.51%) and linalool (20.90%). Akgiil (1989) reported that the
main component of O. basilicum essential oil was linalool and other important components were estragole (2.70%),
eugenol (13.4%), and methyl eugenol (9.57%). The differences in the chemical composition of basil essential oil can
change depending on many factors such as the extraction method, the type of plant, or its geographical location.

Ideal deep anesthesia should occur in <3-5 min and recovery time should not be longer than 10 min (Ross &
Ross, 2008; Tsantilas et al., 2006). According to these criteria, the optimal anesthetic concentration for eucalyptus
essential oil was determined as 400 mg L™ for rainbow trout in this study. Anesthesia induction time was 186 s
(3.1 min) and the recovery time was 117.50 s (1.96 min) at a dose of 400 mg L™1. Silva et al. (2021) noted that the
lowest effective dose of E. globulus essential oil as anesthetic was 700 pL L—1 in catfish. Bodur et al. (2018) reported
that Eucalyptus sp. essential oil at a concentration of 300 pL L1 is suitable for anesthesia in sea bass, Dicentrarchus
labrax, and meager, Argyrosomus regius. At this concentration, anesthesia induction times were 5 min for sea bass
and 2 min 24 s for meager. Differences between these studies may be because of chemical variations in the plant
and use of different fish species.
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TABLE 4 Anesthetic effect of eucalyptus oil on trout

Induction time (s)

Anesthesia level

Dose

(mgL™y 1 1l 1] \Y Recovery time (s)
20 217.50 + 4.95% - - - -

50 178.50 £ 9.19%° - - - -

70 110.50 + 4.95"¢ 371.50 £ 4.95? - - -

100 91.00 * 8.49° 262.50 + 6.36° - - -

150 56.00 * 5.66¢ 166.00 * 5.66° - - -

200 55.50 + 6.36° 146.50 + 6.36° 438.50 £ 4.95 585.50 + 6.36 51.00 £ 5.66

300 51.50 + 4.95¢ 128.50 + 4.95° 185.50 * 6.36 260.00 + 8.49 61.50 + 10.61
400 40.00 + 7.07° 105.50 + 6.36' 128.50 + 6.36 186.00 + 5.66 117.50 + 3.54
500 28.50 + 2.12¢f 66.00 + 5.668 116.50 + 4.95d 153.50 + 7.78 131.50 + 4.95
600 23.00 + 5.66f 40.50 + 4.95" 107.00 + 4.24 131.50 + 6.36 175.00 + 7.07
p-value 0.030 0.038 0.068 0.068 0.078

R? 0.959 0.930 0914 0.960 0.947

Equation  y=1851.6x"9%1 y—15888x %88 y_318497x 1?7¢ y—625611x"13* y—=26.625e000%

Note: Data are presented as mean * SD. Values superscript with different letters in the same column are significantly
(p < 0.05) different. -, no anesthetic effect.

TABLE 5 Anesthetic effect of basil oil on trout

Induction time (s)

Dose (mgL™%) | 1} 1 v Recovery time (s)
20 60.00 + 11.31° - - - -

50 52.00 + 5.66° 27950 +7.78* - - -

70 4450 + 4,95 182.00 + 4.24® - -

100 38.00 £ 5.67°° 166.50 + 6.36"° - -

150 34.00 + 5.66° 71.00 = 9.90° 221.50 + 4.95 - -

200 25.00 + 2,83 67.50 + 6.36° 180.00 + 8.49 411.50 + 4.95 52,00 + 4.24

300 24.00 £ 4.24% 56.00 £ 5.66d%  113.50 £ 6.36 220.50 + 3.54 61.00 £ 5.66
400 21.50 + 4.95°f 55.50 + 6.36° 91.50 + 9.19 176.00 + 5.66 68.50 + 9.19

500 13.50 + 3.54f 39.50 + 2.12¢ 87.50 + 7.78 161.00 % 9.90 76.00 + 5.50

600 12.50 + 3.54f 50.00 £ 5.66%  61.50  6.36 75.50 £ 6.36 86.00 £ 5.66
p-value 0.037 0.038 0.061 0.068 0.093

R? R? = 0.946 R? =0.903 R? = 0.944 R? = 0.920 R? =0.994
Equation y = 53.284e 70003 y — 4119.5x073¢ y = 297.63e70003  — 796.86e 000 y — 41 44600012

Anesthesia level

Note: Data are presented as mean + SD. Values superscript with different letters in the same column are significantly
(p < 0.05) different. -, no anesthetic effect.
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FIGURE 1 Representative microphotographs of the eucalyptus-treated fish organs (a) gill, (b) liver, and (c) kidney,
hematoxylin and eosin, scale bars = 50 pm
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FIGURE 2 Microscopical appearance of the basil-treated fish organs (a) gill, (b) liver, and (c) kidney, hematoxylin
and eosin, scale bars = 50 pm

In the present study, cineole (85.44%) was found to be the main component in eucalyptus essential oil. Taheri
Mirghaed et al. (2018) reported that cineole was efficient in anesthetizing rainbow trout at concentrations of 200-
800 pL L™1. Hoseini et al. (2020) noted that 1000 pL L™ cineole proved suitable for rapid sampling in common carp.
Mazandarani and Hoseini (2017) informed that 300 ppm cineole was capable of inducing all anesthesia stages in
common carp. Our findings were relatively similar to these studies.

In the current study, optimal anesthetic concentration for basil essential oil was observed as 300 mg L2
Anesthesia induction time was 220.50s (3.67 min) and recovery time was 61s (1.01 min) at a dose of
300 mg L~L. Ventura et al. (2021) reported that the essential oil of O. basilicum in Tambaqui, C. macropomum,
provides rapid entry into anesthesia (222's) at a concentration of 1000 pL L™1. Limma-Netto et al. (2016)
informed that the best times for anesthesia and recovery were found for the concentrations of 300 pL L™ for
O. basilicum (113.90 and 152.12 s, respectively) in tambacu, P. mesopotamicus x C. macropomum. De Lima Silva
et al. (2012) reported that 150 and 300 mg L=t Ocimum gratissimum essential oil effectively performed rapid
anesthesia (<4 min) in juvenile silver catfish. At 150 and 300 mg L™ concentrations, anesthesia induction times
were 153 s and 65.5 s and the recovery times were 1031 and 1181 s, respectively. Ferreira et al. (2021)
reported that concentrations between 90 and 150 mg L™! essential oil of O. gratissimum were efficient for
anesthesia and recovery in tilapia, O. niloticus. Differences between these studies may be because of chemical
variations in the plant and use of different fish species.

In our study, linalool (21.60%) was found to be one of the main active ingredients in basil laurel essential oil. In
previous studies, the anesthetic efficacy of linalool has been demonstrated in different fish species. Yousefi et al.
(2018) informed that linalool at concentrations of 400-2000 mg L~ induced deep anesthesia within 467-118 s with
recovery time of 174-215s in common carp. Taheri Mirghaed et al. (2016) reported that the required linalool
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concentration to induce stage 4 anesthesia within 180 s was calculated to be 753 ppm. Heldwein et al. (2014) noted
that use of linalool as a sedative and anesthetic for silver catfish was effective at 30 and 180 pL L™, respectively.

In this study, both plant essential oils did not cause pathological effects on the gills, liver, and kidneys of the
trout. Similarly, the use of clove essential oil as an anesthetic in common carp (C. carpio) did not show histopathologi-
cal changes in liver and kidneys (Velisek et al., 2005). However, the use of essential oils of Aloysia triphylla, Lippia
sidoides, and Mentha piperita as anesthetics in juvenile tambagqui resulted in hypertrophy and hyperplasia of the gill
lamellar epithelium (Brandao et al., 2021).

In this study, it was determined that the ideal anesthetic dose for rainbow trout was 400 and 300 mg L~ for
eucalyptus and basil essential oils, respectively. No toxic effect had been observed with the use of these essential
oils in fish. In addition, no histopathological findings were found in the gill, liver, and kidney tissues. The results of
this study showed that basil and eucalyptus essential oils are suitable for use as anesthetics in rainbow trout. In
future studies, the anesthetic effects of these oils in different fish species and their effects on health parameters can
be studied.
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