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Anesthetic activity of Brazilian native plants in silver catfish

(Rhamdia quelen)

Lenise de Lima Silva!, Daniela Thomas da Silva?, Quelen Iane Garlet®,
Mauro Alves Cunha*, Carlos Augusto Mallmann’, Bernardo Baldisserotto®,
Solon Jonas Longhi®, Ana Maria Soares Pereira’ and Berta Maria Heinzmann?

There is an increasing demand for inexpensive and safe anesthetics that can reduce fish stress caused by some procedures
such as capture and handling. In this context, the present study evaluated the potential of essential oils (EO) of three Brazilian
native plants (Hesperozygis ringens, Lippia sidoides and Ocotea acutifolia) as anesthetics for the silver catfish - Rhamdia
quelen. Moreover, an analysis was made of the chemical composition of these oils and their influence on stress parameter. EO
of H. ringens and O. acutifolia were effective as anesthetics, without behavioral side effects. EO of O. acutifolia (150 uL. L")
promoted an increase in blood glucose level. Regarding to the composition, pulegone accounts for 96.63% of the EO of H.
ringens, and caryophyllene oxide amounts to 56.90% of the EO of O. acutifolia. Two chemotypes, thymol and carvacrol
(68.40% and 67.89%, respectively) were verified for EO of L. sidoides. Both samples of EO of L. sidoides showed anesthetic
activity in silver catfish, but exposure also caused loss of mucus and mortality. Thus, only the EO of H. ringens and O.
acutifolia are advised for anesthetic use.

Existe uma crescente demanda por anestésicos baratos e seguros capazes de reduzir o estresse em peixes produzido durante
procedimentos como captura e manuseio. Neste contexto, o presente estudo avaliou o potencial como anestésico dos 6leos
essenciais (EO) de trés espécies vegetais nativas (Hesperozygis ringens, Lippia sidoides e Ocotea acutifolia) em jundias -
Rhamdia quelen. Adicionalmente, a composi¢do quimica desses 6leos e suas influéncias sobre o estresse também foram
avaliadas. Os EO de H. ringens e O. acutifolia foram efetivos como anestésicos sem efeitos adversos detectaveis. EO de O.
acutifolia (150 uL L") promoveu um aumento na glicemia. Em relagdo a sua composicao, pulegona correspondeu a 96,63% do
EO de H. ringens, e 6xido de cariofileno a 56,90% do EO de O. acutifolia. Dois quimiotipos, timol e carvacrol (68,40% e 67,89%,
respectivamente) foram verificados para os EO de L. sidoides. Ambas as amostras de EO de L. sidoides apresentaram atividade
anestésica em jundids, contudo a exposi¢ao produziu perda de muco e mortalidade. Desta forma, somente os EO de H. ringens
e O. acutifolia tém seu uso recomendavel como anestésicos.
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Introduction synthetic drugs (Inoue et al., 2003; Guénette et al., 2007).

Examples of anesthetics obtained from natural sources with

Anesthetics can be useful in fisheries and fish biology
procedures to immobilize the animals during handling, thus
preventing physical injury and stress (Inoue et al., 2003;
Bressler & Ron, 2004). In this context, some studies have
been conducted with plant essential oils (EO) and their isolated
compounds in order to find new anesthetics that are more
effective, safer and less expensive than the currently available

action upon different fish species are eugenol (Guénette et
al.,2007; Cunha et al., 2010a), menthol (Faganha & Gomes,
2005), and EO of Eugenia caryophyllata and E. aromatica
(Inoue et al., 2003; Bressler & Ron, 2004), Lippia alba (Cunha
etal.,2010b, 2011), Cinnamomum cassia (Power et al., 2010),
Melaleuca alternifolia (Hajek, 2011), and Ocimum
gratissimum (Silva et al.,2012).

"Universidade Federal de Santa Maria, Programa de Pos-Graduagdo em Farmacologia, 97105-900 Santa Maria, RS, Brazil.
*Universidade Federal de Santa Maria, Programa de Pos-Graduagéo em Engenharia Florestal, 97105-900 Santa Maria, RS, Brazil.
SUniversidade Federal de Santa Maria, Departamento de Farmacia Industrial, 97105-900 Santa Maria, RS, Brazil.

berta.heinzmann@gmail.com (BMH)

“Universidade Federal de Santa Maria, Departamento de Fisiologia e Farmacologia, 97105-900 Santa Maria, RS, Brazil.
SUniversidade Federal de Santa Maria, Departamento de Medicina Veterinaria Preventiva, 97105-900 Santa Maria, RS, Brazil.
®Universidade Federal de Santa Maria, Departamento de Ciéncias Florestais, 97105-900 Santa Maria, RS, Brazil.
"Universidade de Ribeirdo Preto, 14100-000 Ribeirdo Preto, SP, Brazil

443



444

Brazil is considered to have one of the world’s greatest
plant diversities, with over 40,000 different plant species
(Oliveira et al., 2012). Some plant species that were still not
studied belong to Lamiaceae, Lauraceae, and Verbenaceae
families. These botanical families were recognized in some
reports by their contribution for the treatment of central
nervous system diseases and high EO content (Brito & Brito,
1993; Gomes et al., 2009). Hesperozygis ringens (Benth.)
Epling (Lamiaceae), known as “espanta-pulga”, is one
endangered and endemic plant of the southern of Brazil. Only
acaricidal activity has been reported to date for its EO (Fracaro
& Echeverrigaray, 20006; Ribeiro et al., 2010). Ocotea acutifolia
(Nees) Mez (Lauraceae), known as “canela-branca”, is a
riparian species distributed in Uruguay and southern Brazil
(Sobral et al., 2006), for which no reports of the presence of
EO were found. Lippia sidoides Cham. (Verbenaceae) is a
shrub native from northeastern Brazil, commonly called as
“alecrim-pimenta”, used in folk medicine as a spasmolytic,
antimicrobial, and local anesthetic as well as a sedative (Brito
& Brito, 1993).

The aim of this study was to evaluate the anesthetic activity
in juvenile silver catfish and the chemical composition of EO
obtained from three Brazilian native plants (H. ringens, O.
acutifolia and L. sidoides) as well as to investigate the effect
of the anesthesia produced with such EO on glucose levels.

Material and Methods

Animals

Silver catfish were purchased from fish culture sector of
Universidade Federal de Santa Maria (UFSM) and transported
to the laboratory, where they were maintained in continuously
aerated 250 L tanks, with controlled water parameters.
Dissolved oxygen (experiment 1: 8.97+0.39 mg L'; experiment
2: 5.82+0.08 mg L") and temperature (experiment 1:
19.5540.69°C; experiment 2: 20.71+0.09°C) were measured with
an YSI oxygen meter (Model Y5512); pH (experiment 1:
7.840.03; experiment 2: 7.55+0.09) was determined with a
DMPH-2 pH meter. Total ammonia levels (experiment 1:
0.90+0.04 mg L'; experiment 2: 1.12+0.04 mg L") were
measured by the salicylate method (Verdouw et al., 1978). All
experiments used a semi-static system where 50% of the water
volume was changed daily. Fish were fed once a day with
commercial feed (28% crude protein). Juveniles were fasted
for a period of 24 h prior to the experiments. The methodologies
of the experiments were approved by the Ethical and Animal
Welfare Committee of the Universidade Federal de Santa Maria
(Process n®46/2010).

Plant Materials

Leaves of H. ringens and O. acutifolia were respectively
collected in Sdo Francisco de Assis (Rio Grande do Sul, Brazil)
in January and May 2011. The species were identified by Dr.
Solon Jonas Longhi and voucher specimens (SMDB n° 13.427
and n°® 13.450, respectively) were deposited in the herbarium
ofthe Departamento de Biologia, UFSM. Two samples of aerial
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parts of L. sidoides were collected in May 2008, dried for
three days in a ventilated drying oven at 45°C, and stored in
closed, dark packages until extraction started. Sample 1 was
grown in Araxa (Minas Gerais State, Brazil) and Sample 2 in
Jardinopolis (Sdo Paulo State, Brazil). Voucher specimens
identified by Fatima Salimena were deposited in the
Departamento de Biotecnologia (UNAERP), under numbers
1327 (Sample 1) and 1328 (Sample 2).

Essential oil extraction and analysis

The EO of H. ringens, O. acutifolia and L. sidoides were
extracted by hydrodistillation using a Clevenger type apparatus
for 2,3, and 3 h, respectively (European Pharmacopoeia, 2007).
The EO were stored at -4°C in amber glass bottles until analysis
by gas chromatography coupled with mass spectrometry (GC-
MS) and biological tests. EO yields were calculated w/w (%).
GC-MS TIC analysis was conducted using an Agilent-6890
gas chromatograph coupled with an Agilent 5973 mass selective
detector, using an HP5-MS column (5% phenyl - 95%
methylsiloxane, 30 m x 0.25 mmi. d. x 0.25 mm) and EI-MS of 70
eV. The operating conditions were: split inlet 1:100; temperature
program, 40-320°C at 4°C min'; carrier gas He; flow rate 1 mL
min’'; injector and detector temperature 250°C. The constituents
of the EO were identified by comparison of the mass spectra
with a mass spectral library (NIST, 2005), and the Kovats
retention index with literature data (Adams, 2001).

Biological activity

Experiment 1: Anesthesia induction and recovery. Juvenile
fish (12.2+0.5 g; 11.0+0.1 cm) were transferred to aquaria
containing 1 L of water continuously aerated and the EO
concentrations firstly diluted in ethanol 95% (1:10).
Concentrations of 55, 111,277 and 554 uLL L™ of the EO obtained
from H. ringens, and 50, 100, 150, 300, 600, and 900 uL L' of
the EO of O. acutifolia were used in this experiment. For L.
sidoides, two EO samples from different chemotypes were
tested at concentrations of 30, 70, 150, 300, and 600 uL L.
Ethanol control was also performed at the same concentration
used for dilution of the highest EO concentrations. To evaluate
the time required for anesthesia induction, five (EO of H.
ringens) or six (EO of O. acutifolia and L. sidoides) juveniles
were used for each concentration tested, and each juvenile
was used only once, according to Schoettger & Julin (1967).
This method involves six stages, in which the following
parameters were observed: light and deep sedation (stages 1
and 2, respectively), partial and total loss of equilibrium (stage
3aand b, respectively), deep anesthesia (stage 4) and medullar
collapse (stage 5). The maximum observation time was 30
min. After induction, juveniles were transferred to anesthetic-
free aquaria to measure recovery time. Animals were
considered to be recovered when they showed normal
swimming behavior in response to external stimuli. After
recovery, the fish were grouped according to the anesthetic
protocol and transferred into continuously aerated 40 L
aquaria, where they were observed for 48 hours for any signs
of abnormal behavior, diseases or mortality.
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Experiment 2: Evaluation of blood glucose levels. This
experiment was conducted to verify stress parameter of fish
exposed to EO H. ringens (137 and 277 uL L") and O. acutifolia
(150 and 300 pL L"). Control groups of water and ethanol were
also included for each sample, as well as an unhandled basal
group. Silver catfish (N = 6; 61.7£2.7g; 19.3£0.3 cm) were
transferred to 40 L aquaria three days before the experiment.

Fish were captured with a dip net and transferred in pairs
to continuously aerated 2 L aquaria. The time between capture
and release did not exceed 30 seconds. Juveniles remained in
the aquarium until they reached stage 4 of anesthesia
induction with EO while the controls of EO of H. ringens and
O. acutifolia remained for 7 and 18 min, respectively. These
times were chosen for the controls because they correspond
to the highest induction time until stage 4, for each EO used
in this experiment (see results). The fish in the basal control
group were removed from the 40 L aquaria and immediately
submitted to blood collection.

After the induction procedure, blood (0.1-0.5 mL) was
collected from the caudal vein with 1 mL syringes and
submitted to glucose determination with a digital Accu-
Check® Advantage IT apparatus. Following blood collection,
all fish were handled for biometric measurements and
transferred to anesthetic-free 40 L aquaria, where they were
observed for 48 h for any signs of abnormal behavior, diseases
or mortality.

Statistical analysis

All data are presented as mean + SEM. The relationship
between the time required for anesthesia induction and the
concentration of the anesthetic used was determined by
means of software Slide Write Plus version 4.0. To verify the
homogeneity of variances and normality, data were submitted
to Levene and Kolmogorov-Smirnov tests, respectively. The
results obtained for stages 2, 3a, and 3b of EO O. acutifolia
and L. sidoides (sample 1 and 2) were Ln transformed
previously to statistical analysis. One-way ANOVA and Tukey
tests were used for data of anesthesia induction and recovery
and also for blood glucose levels. Stage 3a of induction with
EO of O. acutifolia was analyzed by the Kruskal-Wallis test
followed by the Dunn test. Samples of EO of L. sidoides were
analyzed by two-way ANOVA and the Tukey test or the
Scheirer-Ray-Hare extension of the Kruskal-Wallis test, when
appropriate. Water parameters between experiments were
compared using t-test or Mann-Whitney test. Analyses were
performed with software SigmaPlot version 11.0, and the
minimum significance level was set at P<0.05.

Results

Chemical composition

A total of 67 compounds were identified for the EO of the
three species studied, accounting for 97.3-99.5% of the total
compositions of the analyzed samples (Table 1). H. ringens
showed a high yield of EO (3.5%), whereas the yield of EO of
0. acutifolia was 0.80%. EO of L. sidoides obtained from
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sample 1 (2.22%) showed a greater yield than the one from
sample 2 (0.90%).

The major chemical component of EO of H. ringens was
pulegone (96.63%). Other mono and sesquiterpenoid
derivatives were also found in this EO, but at low concentrations
(<1.20%). A total of 24 substances were identified in the EO of
O. acutifolia. Among the major constituents, the most
significant ones are caryophyllene oxide (56.90%), calarene
epoxide (11.74%) and t-elemene (8.17%). The major constituents
of EO of L. sidoides (sample 1) were thymol (68.40%), p-cymene
(8.72%) and B-caryophyllene (5.90%), while the second sample
had carvacrol (67.89%), p-cymene (21.76%) and B-
caryophyllene (3.90%) as major compounds.

Biological activity

All water parameters evaluated differed statistically
between experiments. Dissolved oxygen level and pH were
higher in the experiment 1, while temperature and total
ammonia levels were lower in the same experiment.

All EO tested in this study showed sedative and
anesthetic effects in silver catfish through bath administration.
Ethanol at the highest concentration used to dilute the samples
did not produce any anesthetic effect when applied alone.
Fish exposed to EO of H. ringens reached deep anesthesia in
concentrations ranging from 111 (about 24 min) to 554 uL L"!
(about 2 min), while 55 pL L"induced up to partial loss of
equilibrium (Fig. 1a). A clear reduction in the induction time
occurred with the increase of EO concentration. The opposite
pattern was verified at the time of recovery, where an increase
in the concentration of the EO of H. ringens was followed by
a correspondent elevation in the recovery time (Table 2). All
juveniles recovered between 5-15 min without signs of toxicity
or mortality until 48 h after exposure.

Anesthesia was reached with 300-900 uL L' EO of O.
acutifolia (between 13-18 min; Fig. 1B). A positive relationship
between the concentration and the time required for the
induction of anesthesia was observed at all stages, except for
stage 4 (Table 2). Lower concentrations (50-150 uL L") did
not induce anesthesia during the 30 min evaluation period.
Only 50% of the animals exposed to 150 uL L' (970+75.7 s)
and 17% of'the fish exposed to 300 uL L' (1560 s) recovered
during the time of observation, while all juveniles returned to
normal behavior in 660.7+21 sec after exposure to 50 L L.
For the additional concentrations tested, recovery time was
higher than 30 min. Mortality was not observed until 48 h
after exposure.

There was no difference in anesthetic effect between the
two samples of EO of L. sidoides as regards induction time
until stages 3b and 4. Fish exposed to sample 2 took longer
time to reach stage 2 and 3a with 70 uL L', and stage 3a with
150 pL L""when compared to sample 1. The opposite pattern
occurred with 600 pL L', where stage 2 was reached sooner
for sample 2 than for sample 1 (Fig. 2).

The relationship between the induction time of anesthesia
and the concentration of the EO of L. sidoides was verified for
sample 1 at stages 3a, 3b and 4 (Table 2). Juveniles exposed to
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Table 1. Chemical compositions and physical characteristics of the essential oils obtained from Hesperozygis ringens, Ocotea
acutifolia and Lippia sidoides. *Retention index did not report; RI: Retention index; tr: Trace (<0.05%);* Adams (2001), NIST (2005).

Percentage of chemical composition

RI (experimental) ~ RI (literature)” Compound Hringens O.acutifolia L.sidoides
Sample 1 Sample 2

925 924 a-Thujene - 0.07 0.23 0.07
930 933 a-Pinene 0.50 0.32 0.52 0.19
944 946 Camphene - - tr tr
970 968 Sabinene 0.18 0.11 0.09 tr
972 970 B-Pinene 0.36 0.19 0.24 tr
980 980 1-Octen-3-ol - - 0.13 0.05
990 991 B-Myrcene 0.33 0.05 0.41 0.13
1006 1008 3-Carene - - 0.06 tr
1013 1014 a-Terpinene - - 0.12 0.05
1023 1024 p-Cymene - - 8.72 21.76
1025 1022 Limonene 1.16 0.04 0.51 0.14
1028 1025 Eucalyptol - - 1.46 0.28
1038 1037 B-Z-Ocimene 0.20 0.58 0.10 -
1048 1048 B-E-Ocimene - 4.02 - -
1054 1056 t-Terpinene - - - tr
1084 1088 2.4-Dimethylstyrene - - - tr
1099 1100 Linalool 0.92 0.55 tr -
1147 1147 Ipsdienol - - 0.37 0.90
1176 1179 Terpinen-4-ol - - 0.58 0.27
1189 1189 a-Terpineol 0.32 - 0.40 -
1234 1236 Methyl thymol ether - - 091 0.30
1242 1245 Methyl carvacrol ether - - - 0.10
1243 1239 Pulegone 96.63 - - -
1299 1296 Thymol - - 68.40 0.32
1303 1304 Carvacrol - - 0.48 67.89
1336 1038 8-Elemene - 0.11 - -
1349 1348 a-Cubebene - - 0.07 -
1357 1356 Eugenol - - 0.07 0.24
1373 1375 a-Ylangene - - - 0.10
1375 1375 a-Copaene - - 0.45 -
1384 1384 B-Boubonene - - 0.08 tr
1391 1391 B-Elemene - 0.16 - -
1403 1400 Methyl eugenol ether - - - 0.05
1406 1393 2.3-Epoxy-geranylacetate 0.88 - - -
1418 1419 B-Caryophyllene 0.38 0.67 5.90 3.90
1427 1427 B-Gurgujene - - 0.24 -
1432 1436 a-Bergamotene - - - tr
1437 1440 o-Guaiene - 0.60 - -
1438 1437 Aromadendrene - - 0.80 0.12
1453 1454 a-Humulene - 0.19 0.34 0.12
1460 1462 (-)-Alloaromadendrene - - 0.31 0.06
1473 1470 a-Amorphene - - - 0.12
1476 1478 t-Muurolene - - 0.71 -
1480 1480 Germacrene-D - 0.52 0.58 0.23
1494 1495 Valencene - - 0.78 -
1497 1492 t-Elemene - 8.17 - -
1498 1506 B-Bisabolene 0.29 - - 0.05
1499 1499 a-Muurolene - - 0.20 tr
1513 1514 y-Cadinene - - 0.53 -
1519 1512 a-Amorphene - - - 0.20
1523 1523 §-Cadinene - - 1.45 -
1551 1549 Caryophyllene oxide 56.90 - -
1579 1577 Spathulenol - - 0.76 0.13
1584 1583 Caryophyllene oxide - - 2.55 1.68
1585 1583 Globulol - 1.73 - -
1607 1608 Humulene epoxide II - - - tr
1634 1641 Caryophylla-4(14), 8(15)-dien-5-a/B-ol - - - 0.06
1639 1642 T-Muurolol - - - tr
1653 1657 a-Cadinol - - - 0.05
1656 1657 Cedr-8-en-13-ol - 2.69 - -
1668 1668 Bulnesol - 2.06 - -
1673 1673 Cadalene - - - tr
1681 1681 Z-Farnesol - 1.29 - -
1718 * Calarene epoxide - 11.74 - -
1784 * Z-Santalol - 1.91 - -
1794 1795 a-Eudesmol acetate - 0.99 - -
2041 2043 Kaurene - 1.70 - -

Total identified 98.3 97.3 99.5 99.2

Physical characteristics
Color Pale yellow  Light yellow  Golden yellow  Golden yellow

Density (g mL™") 0.90 0.95 0.92 0.91
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Fig. 1. Induction time and recovery of essential oils in silver
catfish juveniles: a = Hesperozygis ringens; b = Ocotea
acutifolia. Stages of induction were observed according to
Schoettger & Julin (1967). Maximum observation time for
induction and recovery was 30 min. Data are presented as
mean+SEM (N = 5-6). Different letters indicate significant
differences among concentrations for the same induction
stage (P<0.05). Recovery time was omitted of Fig. 1b because
it was higher than 30 min for most fish tested (see results).

150-600 pL L' of both samples reached deep anesthesia at a
statistically similar time (about 11-20 min) (Fig. 2d). Additionally,
deep anesthesia was also verified in 33% of the fish exposed to
70 uL L' of sample 1. Concentrations of 30 uL L' of samples 1
and 2, and 70 pL L' of sample 2, promoted only partial loss of
equilibrium in juveniles during the 30 min of exposition.
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Fish exposed to both EO of L. sidoides did not recover
normal behavior until 30 min after transference to anesthetic-
free aquaria. Exceptions to this pattern occurred in all animals
exposed to 30 uL/L of both samples and 33% of the fish
exposed to 70 pL L' of sample 2 (1543.0+£108.0 s). However,
the recovery of the animals differed according to EO sample
tested at 30 pL L', All animals presented normal behavior in
713.5+38.7 sec with sample 2, whereas 50% of the fish
recovered in 1048.0+36.6 sec with sample 1.

In the experiment to evaluate blood glucose level, deep
anesthesia was obtained in 399.8+24.8 s and 307.2+22.4 s with,
respectively, 137 and 277 pL L' EO of H. ringens.
Concentrations of 150 and 300 pL L'EO of O. acutifolia were
required to reach the same depression level in 735.3+67 s and
825.0+£220.1 s, respectively. There was no statistical difference
among the glucose levels of the basal group, water and ethanol
controls (22-30 mg dL"). Similar values were also detected in
fish anesthetized with 277 uL L' EO of H. ringens. Significantly
higher glucose levels were observed in silver catfish exposed
to 150 uL L'EO of O. acutifolia compared to the basal and
the two control groups (Fig. 3).

Discussion

Higher pulegone content and lower extractive yield were
detected in this study for the EO of H. ringens, when compared
to a previous report (Ribeiro ez al., 2010). Similar pattern also
was verified to both samples of the EO of L. sidoides in
relation to the major compounds, thymol and carvacrol
(Botelho et al., 2007; Lima et al., 2011). These differences
could be due to genetic factors, and the vegetative period of
the plants, as well as external factors such as height, water
availability, temperature, light intensity, and soil fertility (Lima
etal.,2003; Chalchat & Ozcan, 2008).

Although there are no reports, to date, on the EO of O.
acutifolia, the good yield achieved by this species is not
surprising, since it belongs to the Lauraceae family. Compared
with other Ocotea species, the composition of the EO of O.
acutifolia differs greatly. The chemical profile verified to other

Table 2. Relationship between the time required to reach the stages of induction and recovery from anesthesia and the
concentration of the essential oils (EOs) of Hesperozygis ringens, Ocotea acutifolia and Lippia sidoides in silver catfish.
Where x=concentration of essential oil (L L'); y=time to reach the stage of induction or recovery from anesthesia (Schoettger

& Julin, 1967) in seconds (s).

FO Induction Recovery
Stage 2 Stage 3a Stage 3b Stage 4
0.5_ 2 2 y=-183.4+10.6x-
. y>=2.0+661.8/x Iny=2.9+163.6/x y=2576.6-12.6x+0.01469x"  y=2642.6-12.0x+ 0.01360x by 3

H. ringens (rz = 0.998) (r2:0.997) (r2:1) (rzzl) 0.03673();&?.)00004)(
_ 05 _ 0.5 y=1401.5-5.8x+0.013x>-

0. acutifolia Iny=1.1+34.4/x Iny=3.2+25.6/x 0.0000079x>
(r>=0.908) (r>=0.970) (r=1)

L. sidoides
(sample 1)

¥=29.5+166482.3/x>
(12=0.999)

y=2090.7-21.5x+0.07346x*-
0.000069x?

y>=908163.4+
3.05 10* exp™

(=1) (=0.996)
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Fig. 2. Anesthetic effect of essential oils obtained from Lippia sidoides in silver catfish juveniles: a = Stage 2; b = Stage 3a; ¢
= Stage 3b; d = Stage 4, according to Schoettger & Julin (1967). Maximum observation time for induction was 30 min. Data are
presented as mean+SEM (N = 6). Different letters indicate significant differences among concentrations within each sample
and * describes significant differences among samples (P<0.05).

Ocotea plants showed o-pinene, B-pinene, E-caryophyllene,
o-humulene, germacrene D and p-cymene at high proportions
(Takatu et al.,2007; Barbosa-Filho et al., 2008). However, some
constituents present in leaf EO of O. acutifolia appear also in
the leaf EO of O. brenesii (Chaverri & Ciccid, 2005), and in the
leaf EO of 10 species of Ocotea investigated in Costa Rica
(Takatu et al., 2007).

The anesthetic activity for the EO of O. acutifolia and L.
sidoides verified in this study was not completely unexpected.
Previous reports showed analgesic and sedative properties
of species of the genus Ocotea (Beirith et al., 1999; Zschocke
et al., 2000b; Zhang, 2004). Regarding to L. sidoides,
ethnopharmacological use as sedative and local anesthetic
was described previously (Brito & Brito, 1993). To date, there
are no reports about sedative and/or anesthetic activities for
the Hesperozygis species.

According to Gilderhus & Marking (1987), the ideal
anesthetic should induce fast anesthesia (3 min or less) with
minimum hyperactivity or stress, and rapid recovery (within
10 min or less) after fish transference to anesthetic-free
aquaria. These criteria were met for anesthesia of silver catfish
with EO of H. ringens. Similar induction time until anesthesia
could be obtained for this fish species with 200-500 mg L'EO

of Lippia alba, 40-50 mg L' of eugenol, 70-300 mg L' EO of
Ocimum gratissimum, 150-300 mg L' of MS-222 and 2.5-12
mg L of propofol (Cunha et al., 2010a, 2010b; Gressler ef al.,
2012; Silva et al.,2012). Thus, the EO of H. ringens could be
an alternative to the use of the anesthetics previously reported,
since it showed activity without side effects and higher
extractive yield than EO previously cited.

The long term induction and recovery times observed to fish
exposed to the EO of O. acutifolia and L. sidoides may result
from the hydrophobic characteristics of the compounds of these
EO. Thymol/carvacrol and caryophyllene oxide (the major
compounds of EO of L. sidoides and O. acutifolia, respectively)
have a higher partition coefficient (log P) than pulegone, found
in EO of H. ringens (Kang et al., 2007); hence, the former
compounds can be considered to be more hydrophobic. Studies
performed by Kiessling ez al. (2009) indicated that isoeugenol, a
lipophylic compound, had slower clearance than the hydrophilic
drug MS-222 in Atlantic salmon (Sa/mo salar). A slow clearance
may be associated to drug accumulation in the adipose tissue,
which in turn would increase recovery time after long exposure
time (Kiessling et al., 2009; Zahl et al.,2012).

The depressor effects of EO of H. ringens and L. sidoides
may be partially due to their major compounds. Pulegone,
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Fig. 3. Blood glucose levels after anesthesia of silver catfish
with essential oils: A= essential oil of Hesperozygis ringens;
B = essential oil of Ocotea acutifolia; W = water control; EC
= ethanol control. Data are presented as meantSEM (N = 6).
Different letters indicate significant differences among
groups (P<0.05).

thymol and carvacrol are positive allosteric modulators of the
GABA receptor (Tong & Coats, 2010), which corresponds to
one of the main targets of the action of sedative and
anesthetics used in therapeutic (Johnston et al., 2006).
Additionally, it should be noted that pulegone has a similar
structure to menthol (Ringer et al., 2003), a recognized fish
anesthetic (Faganha & Gomes, 2005).

Analgesic and sedative activity of extracts of the Ocotea
species was associated with the presence of alkaloids (Zhang,
2004), triterpenes (Beirith et al., 1999) and sibyllenones
(Zschocke et al., 2000b), which are not found in the EO of O.
acutifolia. For caryophyllene oxide, the main compound of
this EO, sedative effect in silver catfish at concentration ranges
of 10-40 mg L' and loss of mucus at the highest concentration
tested were detected (Benovit, 2012). Thus, EO of Ocotea
acutifolia seems to contain other substances able to protect
animals from the deleterious action of caryophyllene oxide.
Secretion of mucus is a common side effect of some synthetic
anesthetics currently used in aquaculture, such as 2-
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phenoxyethanol, quinaldine sulfate and benzocaine (Inoue
etal.,2003; Velisek et al., 2007).

Side effects were observed during and after induction of
anesthesia with both EO of L. sidoides. The fish exposed to
all concentrations showed sudden jumping behavior towards
the surface due to involuntary muscle contractions during
induction. These events were independent of the presence
of stimuli in caudal peduncles or inside the aquarium, and
they were followed by a motionless period of the fish at the
bottom. For animals exposed to sample 2, these events were
observed more frequently. High loss of mucus during
induction and total mortality after exposure occurred in all
fish exposed to 300 and 600 uL L' of sample 1 and 600 pL L-!
of sample 2.

The above-mentioned mortality and adverse effects for
EO of L. sidoides can result from acetylcholinesterase (AChE)
inhibition. Similar behavior effects as those verified for this
EO were described for Cyprinus carpio L. exposed to 2.4-D
(2.4-dichlorophenoxyacetic acid) herbicide, a known AChE
inhibitor (Sarikaya & Yylmaz, 2003). AChE inhibition was
previously reported in vitro for methanolic and ethanolic
extracts of L. sidoides, as well as for thymol and carvacrol
(Trevisan & Macedo, 2003; Jukic et al., 2007). Jukic et al.
(2007) demonstrated that AChE inhibitory activity of carvacrol
is 10 times stronger than the one for its isomer thymol, which
could possibly explain the higher incidence of side effects in
fish exposed to carvacrol-type EO (sample 2).

Glucose levels correspond to a common indicator for the
stress response in teleost fish (Greenweel et al., 2003). In this
study, fish of control groups did not change their glucose levels
immediately after tank transference when compared to those in
the basal group, which excludes this procedure as an agent
able to influence the results. Thus, the hyperglycemic event
detected after anesthesia with the EO of O. acutifolia
corresponds to a stressor effect of this sample, which did not
occur with the EO of H. ringens. Previous reports indicated
that anesthesia with eugenol also promoted hyperglycemic
effects in Nile tilapia (Oreochromis niloticus) and matrinxa
(Brycon amazonicus) (Deriggi et al., 2006; Barbosa et al., 2007).

In conclusion, thymol and carvacrol chemotypes of EO of
L. sidoides showed anesthetic effect (150-600 uL L") in silver
catfish, but their use is not advised because of the mortality
and the observed side effects. Nevertheless, pulegone-rich
EO of H. ringens and caryophyllene oxide-rich EO of O.
acutifolia can be used as anesthetics in this fish species at
concentration ranges of 111-554 and 300-600 pL L-,
respectively. Regarding to the stress parameter evaluated,
EO of O. acutifolia was shown to be a slight stressor agent,
while EO of H. ringens showed no effect itself.
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