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Physiological and pharmacokinetic responses
in neotropical Piaractus mesopotamicus to the essential oil
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Abstract The goal of the study was to evaluate Lippia sidoides essential oil as an anesthetic for the tropical

fish pacu Piaractus mesopotamicus. The physiological and pharmacokinetic responses were evaluated during

fish handling. Fish were exposed to different concentrations of the essential oil (20, 30, 40, 50, 60, and

70 mg L-1) to determine the induction times to anesthesia. The hematological parameters were determined in

fish exposed to different concentrations of the essential oil (20 and 70 mg L-1), which were enough to induce

light and deep anesthesia in 10 min. For pharmacokinetics purposes, blood samples were collected after

exposure to the essential oil (70 mg L-1) for 10 min at different depuration times (0, 15, and 30 min, 1, 2, 4,

6, 8, 24, and 48 h). Thymol was the major essential oil compound in Lippia sidoides, at 61.12%. All

physiological parameters returned to control values in 24 h. Distribution and elimination of the major com-

pound in the blood plasma were fast, being 64.31% in 1 h. The distribution constant of the essential oil was

7.59 lg h-1 (k) in the organism. Therefore, when the plasmatic concentration of thymol was reduced, this

constant decreased to 0.44 lg h-1(k). The AUC value was 38.05 lg h-1, the initial half-life during the

distribution stage (T1/2 a) was 0.09 h and the elimination half-life (T1/2b) was 1.59 h. Fish survival was 100%

even 20 days after the experiments. Therefore, Lippia sidoides essential oil may be considered a safe anes-

thetic for tropical fish.

Keywords Fish � Handling � Hematology � Thymol

Introduction

Lippia sidoides Cham. 1832, folk name ‘‘alecrim-pimenta,’’ is a medicinal plant, typical in the semi-arid

‘‘caatinga’’ region from northeast Brazil (Veras et al. 2014). Anaesthetic and antiparasitic properties of the L.

sidoides essential oil are reported in fish, such as tilapia (Hashimoto et al. 2016) and tambaqui Colossoma

macropomum (Soares et al. 2017). However, some side effects have been reported in R. quelen after anesthesia
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with the essential oil of L. sidoides, including mucous loss and mortality (Silva et al. 2013). Essential oil

characteristics may induce different pharmacological and physiological responses in fish at distinguished

intensity and profiles.

The use of essential oils from medicinal plants as anesthetics for fishes seems to be a feasible and safe

alternative for both fishes and the environment (Guénette et al. 2007). Some natural compounds were related

to fish anesthetic actions, such as eugenol, which is extracted from Eugenia caryophyllata (Guénette et al.

2007), menthol, obtained fromMentha piperita (Façanha and Gomes 2005), and the essential oils from L. alba

(Cunha et al. 2010, 2011), Melaleuca alternifolia (Hajek 2011), and Ocimum gratissimum (Silva et al. 2012,

2015). Nevertheless, essential oils require additional study as fish anesthetics. In addition, pharmacological

responses of fishes to essential oils as anesthetics are even scarcer.

In commercial aquaculture operations, fish are usually subjected to handling, and anesthetics are used to

preserve their welfare during activities, such as biometrics, hormonal pellet implants, blood sampling, and

injections (Inoue et al. 2003). Nevertheless, fish intended for human consumption that have been previously

anesthetized with chemicals, such as tricaine methanesulfonate, need to undergo a clearance period of 21 days

(Zahl et al. 2012). Thus, risks of fish once anesthetized escaping and being unduly consumed are substantial.

These restrictions foster the need for more studies searching for natural fish anesthetics. The goal of this study

was to evaluate the essential oil of L. sidoides as an anesthetic for use in the tropical fish pacu P.

mesopotamicus, an experimental model.

Material and methods

Plant material

The L. sidoides plants were cultivated in an experimental field of the Embrapa Western Amazon in Manaus,

Brazil (2�53035.7300S; 59�58023.3600E). The aerial parts of were cut and air-dried. The voucher specimen was

deposited at the Embrapa Eastern Amazon herbarium under registration no. 002/2008, process 02,001.002726/

2013-25. The essential oil was obtained by hydrodistillation, using a Clevenger-type apparatus (European

Pharmacopoeia 2007). Essential oil yield was 1.0% (mass/volume) based on air-dried aerial parts.

Fish

Pacu juveniles were purchased from a commercial fish hatchery in Dourados, Mato Grosso do Sul, Brazil

(22�06049.5700S; 54�34041.9900E). Fish were transported in plastic bags and stocked in 1000 L fiberglass tanks

for 30 days at Embrapa Western Agriculture facilities. Fish were fed twice a day, near to satiation with

commercial pellets (32% crude protein). Water supply was in a recirculating aquaculture system, and water

quality parameters were kept at the species requirements. Temperature (25.6 ± 0.8 �C), oxygen dissolved

(5.56 ± 0.07 mg L-1), water conductivity (72.3 ± 4.5 lS cm -1), and pH (7.0) were monitored daily.

Feeding was suspended 24 h before the experiments. This study was developed accordingly to the ethics

committee UEMS no. 006/2015.

Induction times in anesthesia experiment

To evaluate the anesthetic activity of the essential oil, pacu juveniles (n = 54) (119.30 ± 20.17 g and

18.12 ± 1.03 cm) were individually transferred to three aquariums (25 cm length 9 20 cm width

925 cm height) containing 8 L of water and the respective essential oil concentration to be tested. The

essential oils were poorly soluble in water, they were initially dissolved in 95% ethanol at a 1:10 ratio

(essential oil: ethanol). Anaesthetic solutions of L. sidoides EO were prepared a few minutes before the

experiment. Treatment doses were based on a preliminary experiment, which was conducted to determine the

lowest effective anesthetic concentration, based on the ideal anesthetic criteria (Marking and Meyer 1985).

Fish were considered anesthetized when they completely lost equilibrium and were totally unable to regain an

upright position, stage 3 of anesthesia (Woody et al. 2002).

123

2 Int Aquat Res (2019) 11:1–12



An initial pretest was performed to define the minimum anesthetic dose. Based on this test the tested

concentrations for induction times to anesthesia were 20, 30, 40, 50, 60, and 70 mg L-1. The experimental

design was completely randomized with six treatments (concentrations) and three replicates (aquarium). Three

fish were individually anesthetized in each aquarium (n = 3). Tests were conducted in sequence, from lowest

to highest concentrations, with complete water change after each concentration test. The time that fish took to

achieve the study anesthesia stage (described above) was registered in seconds. After this procedure, each fish

was measured for field work simulation, and transferred in groups to recirculating aquaculture system (RAS)

tanks and remained under observation for 20 days.

Fish physiological responses to anesthesia experiment

Pacu juveniles (n = 72) (110.5 ± 25.9 g and 17.2 ± 1.5 cm) were randomly distributed in 12 holding tanks

(volume 1000 L, 20 fish per tank), within a recirculation aquaculture system. A completely randomized

experimental design was set with four treatments and three replicates (n = 12). The control group was not

submitted to any stress. Bath group without anesthetic and bath groups with anesthetic (20 or 70 mg L-1 of

the essential oil) were submitted to handling, characterized by the transference of fish from the respective

holding tank to 20 L buckets. After this, fish were returned to the respective holding tank. The concentrations

(20 and 70 mg L-1) were determined based on the previous experiment. Baths took 10 min. Blood samplings

were done in three different fish per replicate (n = 3) at time zero and 24 h after the anesthetic baths. Exposure

for 10 min usually exceeded the induction time for individual fish, because of the fact that handling proce-

dures often involve anesthesia of a large number of fish. The parameters of water quality were kept within the

ideal conditions for the species.

Procedures for blood parameters analysis

Blood was sampled by puncture of the caudal vein with 3 mL syringes (25 9 0.7 mm) containing

ethylenediaminetetraacetic acid (EDTA 10%). Samples were divided into two rates. The first was used to

determine red blood cells (RBC) in a Neubauer chamber, hematocrit, by means of a micro-hematocrit method

(Ranzani-Paiva et al. 2013), and hemoglobin concentrations, using the cyanmethemoglobin method (Drabkin

1948). These data were used to calculate the Wintrobe hematimetric indexes: mean corpuscular volume

(MCV) and mean corpuscular hemoglobin concentration (MCHC) (Ranzani-Paiva et al. 2013). The second

aliquot was centrifuged at 14,400g for 3 min for plasma collection, to analyze glucose, protein, enzymatic

lactate, and chloride using commercial kits (Labtest� Minas Gerais, Brazil), where as ammonia was deter-

mined according to Gentzkow and Mazen (1942). Regarding plasma sodium (Na?) and potassium (K?), their

determinations were made by flame photometry (910-M Marca Analyser).

Pharmacokinetic parameters

Fish (n = 30) were exposed to a 70 mg L-1Lippia sidoides solution for 10 min. This concentration was

chosen based on the previous experiments. The bath was completed in 20 L of the anesthetic solution. The

calculated concentration of the major component thymol was 43 mg L-1. After this period, the animals were

transferred to 40 L glass aquariums (three fish per aquarium), 40 cm length 9 30 cm width 9 30 cm height,

containing anesthetic-free water, continuous aeration, and open water supply. The parameters of water quality

were kept within the ideal conditions for the species. Blood samples were collected from three fish at each

time after the anesthetic bath (0, 15, and 30 min, 1, 2, 4, 6, 8, and 48 h). Fish were properly discarded from the

experimental facilities. Blood samples were collected with the aid of 3 mL syringes containing EDTA 10%,

centrifuged at 14.400g for 3 min for plasma collection, which was stored in sterile flasks to be prepared and

analyzed by gas chromatography–mass spectrometry (GC–MS).

Sample preparation for GC–MS analyses

For pharmacokinetic evaluation, 500 lL of plasma was blended with 500 lL of chromatographic degree

hexane. The sample was homogenized and agitated in an ultrasonic tub with a timer for 1 min, and later, the
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hexane fraction was analyzed by GC–MS; the test was performed in triplicate. For analytical curve con-

struction, thymol was applied at different concentrations: 0.187, 0.373, 7.46, 14.92, 149.21, 746, and

1492 lg mL-1. Thymol was used because it is the main compound in the essential oil of L. sidoides.

GC–MS analysis

Analyses were performed in a gas chromatograph coupled to a with a mass spectrometer (GC–MS2010 Ultra),

using DB-5 (30 m length 9 0.25 mm internal diameter and film thickness of 0.25 lm) under the following

conditions: helium gas (99.999% of purity and 1.0 ml min-1 flow) and injection volume of 1 lL, split (1:20).
The initial temperature of the oven was 50 �C and it was heated from 50 to 280 �C at 3 �C min-1. The injector

temperature was 220 �C and both transfer line and detector temperatures were at 280 �C. The retention index

was calculated using a blend of linear alkanes (C8–C30) as the external reference. Identifications were made by

comparing the samples mass spectrums with that obtained from the libraries NIST21 and WILEY229, data

from retention index and mass spectrum literature (Adams 2007).

Statistical analysis

All data were verified as following the necessary conditions before being subjected to variance analysis (one-

way ANOVA; a = 0.05), including normality, variance homogeneity, and the presence of outliers. When

significant differences were obtained, the Tukey test was applied to compare means of hour zero (0 h) after

experimental procedures and 24 h recovery. The relationship between the essential oil concentration and

anesthesia induction time was calculated by linear regression analysis. These tests were performed using SAS

software. The essential oil concentrations in the plasma, in relation to depuration time, were analyzed with

Graph Pad Prism 6.07 (Graph Pad Software Inc.; San Diego, CA, EUA). The elimination speed constant (K),

half-life (T1/2), and total area under the curve (AUC) were determined according to Jambhekar and Breen

(2009).

Results

Chemical characterization of the essential oil

The quantitative and qualitative analysis showed the L. sidoides essential oil chemotype thymol as the major

compound, 61.12%, followed by o-cymene (11.64%). It was determined that there were 29 compounds,

representing 99.92% of the relative amount of crude oil (Table 1).

Anesthetic induction

Regarding the anesthetic aspects of the essential oil of L. sidoides, it was observed that all tested concen-

trations induced fish anesthesia. At first contact, fish became hyperactive, evidenced by fast swimming and

opercular movements, which were reduced as the anesthetic effect was initiated. A decreasing linear effect

was observed, i.e., as the anesthetic concentration increased, induction time to anesthesia decreased (Fig. 1).

The concentration of 70 mg L-1 enabled fish to rapidly achieve the anesthesia stage. Fish were anes-

thetized in less than 3 min in concentrations ranging from 30 to 60 mg L-1. Both fish weight (g) and length

(cm) were easily measured, suggesting that the studied anesthesia stage was sufficient for routine procedures

such as biometrics. All the fish recovered from anesthesia in approximately 1 min. Differences were not

significant. Concentrations between 20 and 70 mg L-1 of L. sidoides essential oil were efficient in anes-

thetizing P. mesopotamicus, without causing mortality.

Physiological parameters

Regarding the erythrocyte series, hemoglobin MCV and MCHC did not differ at zero and 24 h after the

anesthetic baths. Twenty-four hours after anesthetic induction, hematocrit values of fish exposed to anesthesia
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Table 1 Chemical characterization of Lippia sidoides essential oil compounds

Retention time (min) IK calculated IK literaturea Components Relative (%)

7.32 925 924 a-Tujeno 1.10

7.56 932 932 a-Pinene 0.42

9.59 990 988 Myrcene 1.92

10.11 1004 1002 a-Felandrene 0.14

10.35 1010 1008 d-Carene 0.19

10.60 1018 1018 a-Terpinene 1.61

10.95 1024 1022 0-Cymene 11.64

11.10 1028 1024 Limonene 0.72

11.20 1030 1026 1,8-Cineol 0.55

11.46 1036 1032 Z-b-Ocimene 0.12

11.89 1046 1044 E-b-Ocimene 0.18

12.36 1058 1054 y-Terpinene 4.70

13.62 1088 1086 Terpinolene 0.25

14.10 1099 1095 Linalool 0.19

16.28 1146 1140 Ipsdienol 0.36

17.59 1178 1174 Terpinen-4-ol 1.81

18.30 1193 1186 a-Terpineol 0.17

20.17 1235 1232 Thymol metil ether 1.53

23.04 1300 1289 Thymol 61.12

23.25 1301 1298 Carvacrol 0.36

25.58 1359 1356 Eugenol 0.15

26.35 1377 1374 a-Copaene 0.66

28.23 1422 1417 E -Cariofillene 6.39

28.83 1437 1410 a-Cedrene 0.15

28.97 1441 1439 Aromadendrene 0.64

29.60 1455 1452 a-Humulene 0.44

31.30 1497 1500 a-Muurolene 0.56

31.79 1509 1505 b-Bisabolene 0.25

32.42 1525 1522 d-Cadinene 0.5

Total identified – – – 99.92

IKa = Kovats retention index
aAdams (2007)
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y= -2.7768x + 224.39
R2 = 0.92622

Fig. 1 Times (in seconds) to achieve anesthesia (complete loss of equilibrium and inability to regain the upright position) in

Piaractus mesopotamicus exposed to Lippia sidoides essential oil as anesthetic. Equation: Y = - 2.7768x ? 224.39; R2 = 0.9262
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with 70 mg L-1 was elevated compared to that of the control but were similar to those exposed to the bath

without the essential oil (Fig. 2). Total plasmatic protein was altered in fish exposed to baths containing

70 mg L-1 of the essential oil, differing from that of the control, but not from the handled and not anesthetized

fish (Fig. 3).

Lactate values found in the control group were lower compared to that of the other treatments of fish both

submitted to handling and anesthetics in concentrations of 20 and 70 mg L-1 (Fig. 3). This variable returned

to the homeostatic values 24 h after the experimental procedures. Regarding plasma ammonia, no alterations

were observed at any sampled time (Fig. 4). Fish exposed to 20 and 70 mg L-1anesthetic baths presented

plasmatic hyperglycemia compared to that of the control and handling groups at time zero. After 24 h

recovery, only the fish exposed to 70 mg L-1 had glucose values altered in relation to that of the control group

(Fig. 3).

Plasma Na?of fish exposed to the anesthetic did not differ from that of the control. As for K?, animals that

were induced to anesthesia with the concentration of 20 and 70 mg L-1 presented an increased serum level of

this ion. The ion Cl-in anesthetized fish with the concentration of 70 mg L-1 also was increased when

Fig. 2 Blood parameters of pacu subjected to anesthesia with essential oil Lippia sidoides. Blood samples were taken 0 and 24 h

after the experimental procedures. Control—neither submitted to handling nor anesthetic. Values are means ± standard error

(N = 9), and different lowercase letters indicate significant differences between treatments within the same sampling time (0 h or

24 h), using ANOVA one-way and Tukey’s test (P\ 0.05)

123

6 Int Aquat Res (2019) 11:1–12



assessed immediately after the 10 min anesthetic bath at time zero (Fig. 4). After 24 h of anesthetic proce-

dures, Cl- ions in fish anesthetized with 20 mg L-1 differed from that of the control group. K? ions increased

in fish anesthetized with 70 mg L-1 compared to that of the control group. Cl- ions increased in fish

anesthetized with 20 and 70 mg L-1 (Fig. 4).

Pharmacokinetic Parameters

The pharmacokinetics of the main compound of the essential oil of L. sidoides, thymol on blood plasma of

pacu was better described by the open model of two compartments with the elimination of the first order

(Fig. 5). The maximum concentration of thymol within the blood plasma was 16.66 ± 1.38 lg ml-1

immediately after anesthetic induction (t = 0). At the first depuration hour, a reduction of 64.31% of plasmatic

thymol occurred, which continued to decrease for the following 8 h. Six hours after exposure to the anesthetic

agent, 1.03 lg ml-1 (6.18%) of the compound was found in plasma, representing a 93.82% reduction. After

48 h, the plasmatic concentration of thymol remained constant at 0.4 lg ml-1, corresponding to the 2.46% of

the initial concentration, thus, representing a total reduction of 97.54% of plasmatic thymol in the fish plasma

(Fig. 5).

The distribution constant of the essential oil was 7.59 lg h-1(k) in the organism. Therefore, when the

plasmatic concentration of thymol was reduced, this constant was decreased to 0.44 lg h-1(k). The AUC

value was 38.05 lg h-1, the initial half-life during the distribution stage (T1/2 a) was 0.09 h and the elimi-

nation half-life (T1/2b) 1.59 h (Table 2).

Discussion

Several studies have reported thymol, a phenolic monoterpene, as the major compound of the L. sidoides

essential oil (Monteiro et al. 2007; Oliveira et al. 2009; Cavalcanti et al. 2010; Medeiros et al. 2011; Veras

Fig. 3 Plasma levels of pacu subjected to anesthesia with Lippia sidoides essential oil. Blood samples were taken 0 and 24 h after

the experimental procedures. Control—neither submitted to handling nor anesthetic. Values are means ± standard error (N = 9),

and different lowercase letters indicate significant differences between treatments within the same sampling time (0 h or 24 h),

using ANOVA one-way and Tukey’s test (P\ 0.05)
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et al. 2014). However, several factors can influence the composition of essential oils, such as luminosity,

temperature, pluviosity, plant nutrition, season, and sampling time, as well as harvesting and post-harvesting

methods (Morais 2009). Nevertheless, the most important factor is the chemotype of the plant (Silva et al.

2013). An example is the essential oil of L. sidoides chemotype thymol, which has a concentration of 61.12%

in this study. In other works with the same plant, the concentrations were 76.60% (Hashimoto et al. 2016),

84.9% (Veras et al. 2014), and 68.40% (Silva et al. 2013).

Fig. 4 Plasma ions of pacu subjected to anesthesia with essential oil Lippia sidoides. Plasma samples were taken 0 and 24 h after

the experimental procedures. Control—neither submitted to handling nor anesthetic. Values are means ± standard error (N = 9),

and different lowercase letters indicate significant differences between treatments within the same sampling time (0 h or 24 h),

using ANOVA one-way and Tukey’s test (P\ 0.05)

Fig. 5 Plasma concentrations of thymol in Piaractus mesopotamicus after an experimental anesthetic bath (n = 30). Blood

samples were taken at 0, 15 and 30 min, 1, 2, 4, 6, 8, 24 and 48 h after a 10 min-exposure. Lippia sidoides essential oil was the

test anesthetic in concentration of 70 mg L-1. Calculated thymol concentration in the anesthetic bath was 43 mg L-1
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The lowest L. sidoides essential oil concentration that induced anesthesia in this work was 20 mg L-1. Two

chemotypes of L. sidoides were reported by Silva et al. (2013), thymol 68.4% and carvacrol 67.89%. The

similar fish anesthetic effects observed for both chemotypes may be associated with the synergistic interac-

tions among the constituents, as described for other plants by Spinella (2002) and Heldwein et al. (2014).

Regarding L. sidoides actions on the central nervous system (CNS) in this study, thymol can be singled out.

This substance was described as a positive allosteric modulator of GABA (gamma-aminobutyric acid)

receptors in cockroaches and flies (Tong and Coats 2010). The GABA receptors correspond to the main targets

for anesthetic actions when these substances are evaluated for animals (Johnston et al. 2006). The studied

concentrations of L. sidoides essential oil with the considered exposure time (10 min) are safe as a fish

anesthetic. Experimental animals displayed recovery after the anesthetic procedures with 100% survival, even

after 20 days.

Hematological indexes were closely related to the animal’s response to environmental variables imposed by

either natural or artificial stimuli, such as farming practices (Fernandes and Mason 2003). Alterations in

erythrocyte parameters can be attributed to hemoconcentration, caused by increased oxygen demands during

recovery to handle the anesthesia (Morales et al. 2005). Similar results in blood parameters were reported by

Soares et al. (2016) and Soares et al. (2017), who evaluated the physiological effects of L. alba and L. sidoides

in tambaqui.

Plasma glucose is one of the most used physiological stress indicators in fish, especially in field studies

(Hattingh 1976). Increases in some blood parameters occur immediately after the nervous system receives one

or more adverse stimuli, activating two metabolic axes, the CPI (cerebrum-pituitary-interrenal cells) and the

CSC (cerebrum, sympathetic chromaffin cells). Cortisol and catecholamine are released into the bloodstream

initiating metabolic processes for extra energy production allowing fish to escape or adapt to the new condition

(Iwama et al. 2004). The hyperglycemia observed in fish exposed to 20 and 70 mg L-1 of the L. sidoides

essential oil at time zero and the glucose decrease, but not to control values, 24 h after the experimental

anesthesia procedures, agrees with studies performed with L. alba essential oil in tambaqui (Soares et al. 2016)

and tilapia (O. niloticus) (Hashimoto et al. 2016).

The increased plasma lactate was caused by a greater energy demand than aerobic metabolism can supply.

In addition, some stressors as unfamiliar substances dissolved in the water may also impair oxygen absorption

through the gills (Soares et al. 2016). Thus, in both conditions, anaerobic metabolism increases, and more

lactate is released into the blood. These are the common situations in stress because fish are not capable of

sustaining the physiological energy needs (Iwama et al. 2004). Similar results were observed when using the

essential oil of O. gratissimum as an anesthetic for matrinxã (Ribeiro et al. 2016) and when evaluating

metabolic responses of tambaqui anesthetized with eugenol (Inoue et al. 2011). However, when anesthetizing

tambaqui with the essential oil of O. gratissimum, no alterations were observed in lactate serum levels (Boijink

et al. 2016).

An increase in the plasmatic ammonia of fish is considered a stress indicator of altered protein metabolism

and/or impairments in the nitrogen excretion through the gills (Inoue et al. 2011). In this work, the experi-

mental procedures were not stressful enough in Piaractus mesopotamicus to trigger the physiological

responses concerned with nitrogen metabolism and excretion. In tambaqui anesthetized with eugenol (Inoue

Table 2 Pharmacokinetic parameters of thymol in pacu after 10 min-anesthetic bath

Parameters Values

CMáx (lg mL-1) 16.67

Kdist (lg mL-1) 7.59

Kel (lg mL-1) 0.44

T1/2a (h) 1.59

T1/2b (h) 0.09

AUC 0-last 38.05

Lippia sidoides was the test anesthetic in concentration of 70 mg L-1. Calculated thymol concentration in the anesthetic bath was

43 mg L-1. Water temperature was 24 �C
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et al. 2011), an increase in plasma ammonia was observed in response to handling and also to anesthetic baths

at concentrations of 20 and 60 mg L-1 eugenol.

Increases in plasma ammonia were also observed in anesthetized tambaqui with essential oil of O.

gratissimum (Boijink et al. 2016). Fish in stress have altered frequencies of opercular movements. Water

fluxes and exchanges in the gills are consequently affected (Summerfelt and Smith 1990). Juvenile tambaqui

anesthetized with the essential oil of O. gratissimum had no ion alterations (Boijink et al. 2016), but in a study

with the same fish species anesthetized with menthol, higher potassium plasmatic levels were observed

(Façanha and Gomes 2005). Thus, fish suffer reductions in both nervous and respiratory functions, causing the

alteration in blood flow, hampering ion exchanges because of the anesthetic (Summerfelt and Smith 1990).

Fish in deep anesthesia may not be able to adequately transport metabolites. However, based on the results of

this study, it was not possible to affirm that the alterations in plasmatic ions were exclusively caused by the use

of the essential oil.

The pharmacokinetics of the essential oil of L. sidoides on the plasma of Piaractus mesopotamicus was

described by the open model of two compartments with elimination of the first order. Benzocaine had a similar

response in salmon and trout (Stehly et al. 1998; Kiessling et al. 2009). The biphasic elimination curve of

thymol in this work suggests enterohepatic circulation, which is common in phenolic compounds, subjected to

conjuration (Marier et al. 2002). This process may contribute to an increased time to eliminate the compound.

Thymol chemical attributes, such as relatively low molecular weight and high lipid solubility, favored

branchial absorption. Anesthetics may also be absorbed via epithelium (Ferreira et al. 1984). However, a rapid

absorption was unlikely because of the slightly small vascular space in dermic layers limits the number of

compounds that may quickly reach the bloodstream (Ferreira et al. 1984). The major compound of L. sidoides,

thymol, was rapidly distributed and eliminated from blood plasma in the first 2 h after the immersion bath.

Gill elimination has been shown to be the most important depuration mechanism for anesthetics, including

benzocaine, MS222, and isoeugenol in salmon (Kiessling et al. 2009). In addition, excretion metabolism

enables elimination of combined substances through urinary and biliary routes (Noga 2010). The elimination

constants were determined by factors such as water quality (Hiney et al. 1995). Thymol was rapidly eliminated

at 24 �C in this study; there was a 64.31% reduction in the first hour, and the elimination half-life (T1/2b) was
1.59 h. By way of comparison, other fish anesthetics, such as benzocaine and eugenol, had half-lives higher

than 12 h in trout (Meinertz et al. 1996; Stehly et al. 1998; Guénette et al. 2007). However, there are no studies

of fish anesthetic clearance at temperatures higher than 12 �C.
In conclusion, the essential oil of L. sidoides presented efficacy as an anesthetic for P. mesopotamicus. It

was considered safe with 100% fish survival even after 20 days. Additionally, the results support the

development of other studies testing natural anesthetics or even with L. sidoides essential oil in other fish

species and with other protocols. Information regarding the plasma and muscle deposition paths based on L.

sidoides essential oil for fish was provided.
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