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Abstract

This study evaluated the sedative and anesthetic effects of the essential oils (EO) of Hyptis mutabilis (Rich.) Brig. and their
isolated components on silver catfish (Rhamdia quelen). Quantitative chemical differences between the EOs obtained from
leaves and inflorescences were verified, and a new chemotype rich in globulol was described. Although there were no
significant differences in the time of induction for sedation and anesthesia between the EOs, only the leaf EO at 344 mg/L
anesthetized all fish without side effects. Fractionation of the leaf EO was carried out by column chromatography. The isolated
compounds [(+)-1-terpinen-4-ol and (-)-globulol] showed different activity from that detected for the leaf EO in proportional
concentrations and similar sedation to a eugenol control at 10 mg/L. However, fish exposed to 1-terpinen-4-ol (3 and 10 mg/L)
did not remain sedated for 30 min. Anesthesia was obtained with 83-190 mg/L globulol, but animals showed loss of mucus
during induction and mortality at these concentrations. Synergism of the depressor effects was detected with the association of
globulol and benzodiazepine (BDZ), compared with either drug alone. Fish exposed to BDZ or globulol+BDZ association
showed faster recovery from anesthesia in water containing flumazenil, but the same did not occur with globulol. In conclusion,
the use of globulol in aquaculture procedures should be considered only at sedative concentrations of 10 and 20 mg/L, and its
mechanism of action seems not to involve the GABAA-BDZ system.
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Introduction

Anesthetics are used in aquaculture procedures to
immobilize the animals and to prevent stress and pain
(1,2). However, some commonly used synthetic com-
pounds induce significant side effects in fish, such as
depression of cardiovascular and respiratory function and
immunosuppressive effects (3). In this context, essential
oils (EOs) and their constituents offer an alternative as a
sedative and anesthetic for aquatic animals, and their use
has been spreading in recent years (4-8).

The most frequent representative of the genus Hyptis
(Lamiaceae) in Southern Brazil is Hyptis mutabilis (Rich.)
Brig., known as alfavac&o and basil (9,10). In folk medicine,
it is used for the treatment of gastritis, headache, and as a

healing product, expectorant, and sedative (11,12).
Until now, only the antiulcerogenic (13) and antimicrobial
(14) activities have been reported for its EO. Distinct
major chemical constituents that have been described
for the EO of this plant include a-phellandrene, p-cymene,
E-caryophyllene, E-dihydrocarvone, thymol, §-3-carene,
and E-methyl cinnamate (9,13,15,16).

In the present study, we evaluated the sedative and
anesthetic properties of H. mutabilis EOs and their isolated
compounds in silver catfish (Rhamdia quelen) in order to
identify alternative products for use in aquaculture. In
addition, involvement of the GABAergic system in depressor
activities of the major isolated compound was evaluated.
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Material and Methods

Plant material

Aerial parts of H. mutabilis were collected in March
2010, January 2011, and March 2012 in Santa Maria
(RS, Brazil). A voucher specimen (No. SMDB 13076)
identified by Dr. Solon Jonas Longhi was deposited in the
Herbarium of the Departamento de Biologia, Universidade
Federal de Santa Maria.

Animals

Silver catfish (R. quelen) juveniles were purchased
from a local fish farm and transported to the laboratory,
where they were maintained in continuously aerated
250-L tanks with controlled water parameters. The
dissolved oxygen levels (experiment 1: 8.65+0.07 mg/L;
experiments 2 and 3: 7.18 +£0.12 mg/L; experiments 4 and
5: 7.10+£0.17 mg/L) and temperature (experiment 1:
15.90+0.14°C; experiments 2 and 3: 19.91+0.13°C;
experiments 4 and 5: 21.02+0.11°C) were measured with
a YSl-dissolved oxygen meter (YSI Inc., USA). The pH
(experiment 1: 7.37+0.11; experiments 2 and 3:
6.70+0.12; experiments 4 and 5: 7.11+0.06) was
measured with a DMPH-2 pH meter (Digimed, Brazil).
Total ammonia levels (experiment 1: 2.43+0.81 mg/L;
experiments 2 and 3: 0.51+0.17 mg/L; experiments 4 and
5: 1.08+0.12 mg/L) were measured by the salicylate
method (17). A semi-static system was used, where 50%
of the water volume was changed daily. Fish were fed once
a day with commercial feed (28.0% crude protein).
Juveniles were fasted for a period of 24 h prior to the
experiments. The methodologies were approved by the
Ethics and Animal Welfare Committee of the Universidade
Federal de Santa Maria (Process No. 46/2010). The
number of fish used in each experiment was the lowest
possible in order to satisfy the policy of reduction of
experimental animals of the institution.

Phytochemical analysis

Essential oil extraction and analysis. Inflorescence and
leaves were submitted separately to a hydrodistillation
procedure for 3 h in a Clevenger-type apparatus (18) and
percentage extractive yield was determined (w/w).
Essential oils were stored at -4°C in amber glass bottles
until gas chromatography and mass spectrometry (GC-
MS) analysis, fractionation, and biological testing.

GC-MS was performed 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 mm ID x 0.25 um) as
described by Silva et al. (8). The EO constituents were
identified by comparison of the Kovats retention index and
mass spectra with a mass spectral library (19), and
published data (20).

Isolation and identification. Leaf essential oil obtained in
January 2011 was fractionated by column chromatography
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(CC) in three repetitions. Each repetition was performed
with 2 g EO added to a column (3 x27 cm) containing
100 g silica gel 60 (70-230 mesh, Macherey-Nagel,
Germany) and eluted with 98:2 (v/v) hexane-acetone at
2 mL/min. The 20-mL fractions obtained were collected in
15 main fractions (fractions A-O) based on thin-layer
chromatography (TLC) profile (silica gel F254; detection:
anisaldehyde-H,SO,) and concentrated under reduced
pressure at 40°C. The compound (+)-1-terpinen-4-ol
[32.9 mg, yellow oil, EI-MS m/z (%): 154 (M™);
(0)p2°=+8.7° (c 0.023, CHCI3)] was obtained from
fraction G of the first repetition.

Fraction M (405 mg) was applied to a 2x48 cm
column containing 46 g silica gel 60 impregnated with
10% silver nitrate (21) and eluted with 95:5 (v/v) hexane-
acetone at 1 mL/min. This CC gives 12 fractions of 20 mL
(M1-12), where M4 corresponded to (-)-globulol [252 mg;
white crystalline solid; m.p. 86.9-87°C; EI-MS m/z (%):
222 (M*); (a)p?°=-41.8° (c 0.11, CHCIl3)]. A larger
quantity of this compound (634.8 mg) was purified by
CC (1.9 x61.5 cm) under the same conditions described
above using the remaining part of fractions M (755.9 mg),
M3, and M5 (67.3 mg).

Identification of the isolated compounds was con-
firmed by GC-MS, 'H and '*C nuclear magnetic reso-
nance (NMR). NMR spectra were recorded in CDCl; on a
Bruker HPX 400 FT-NMR at 400 MHz for 'H and
100 MHz for 'C with tetramethylsilane (TMS) as an
internal standard.

Evaluation of the depressor properties

Two experimental sets were performed to evaluate the
sedative and anesthetic potential of the EOs of
H. mutabilis and their isolated compounds in juvenile silver
catfish. In experiment 1, the anesthetic activity of the leaf
and inflorescence EOs extracted in March 2010 were
evaluated. Six juveniles (4.96+0.56 g; 7.95+0.25 cm)
were used for each concentration tested (172 and
344 mgjL).

The second experiment measured the activity of the
isolated compounds in concentrations proportional to
those detected in 344 mg/L leaf EO obtained in March
2012 (3 mg/L 1-terpinen-4-ol and 83 mg/L globulol) in
comparison to the same EO. Next, the same substances
were evaluated at other concentrations (10 mg/L
1-terpinen-4-ol; 10, 20, 50, and 190 mg/L globulol) to
determine the effective concentrations as a sedative and
an anesthetic. These concentrations were chosen to allow
comparison of the results with other, previously tested,
fish anesthetics (5,6). Each concentration was tested in 7
fish (8.58+0.21 g; 10.20+0.13 cm). The EO concentra-
tions were corrected from the density of inflorescence and
leaf EOs (March 2010), 0.86 g/mL, and leaf EO (March
2012), 0.90 g/mL, before adding to the aquarium water.

Fish were transferred to aquaria containing 1 L water
and the sample to be tested, previously diluted in 95%
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ethanol (1:10 for EO and 1-terpinen-4-ol, 1:5 for globulol),
to evaluate the time required to induce anesthesia (22).
Each juvenile was used only once for observation of deep
sedation (S2), partial and total loss of equilibrium (S3a
and S3b), anesthesia (S4), and/or medullary collapse (S5)
(22). The animals remained in the anesthetic bath for
30 min or until reaching S4. Anesthesia was determined
by loss of reflex activity and lack of reaction to strong
external stimuli. After induction of anesthesia, each
fish was measured, weighed, and transferred to an
anesthetic-free aquarium to recover. The fish were
considered to have recovered if their normal posture
and behavior were restored by 30 min. Subsequently, the
animals were transferred to 30-L tanks to evaluate
possible side effects or mortality until 48 h after exposure.
Control experiments were performed using aquaria
containing ethanol at the higher concentration used to
dilute the EO and eugenol (Fluka, Switzerland) at 10 and
50 mg/L. Eugenol was used in this study as positive
control because it corresponds to the only compound
isolated of natural source with anesthetic activity in silver
catfish at low concentrations (5).

Involvement of the GABAergic system

Association with benzodiazepine (BDZ). Sedative
concentrations (10 and 20 mg/L) of globulol (diluted in
1 mL 95% ethanol) were tested along with BDZ (150 uM
diazepam obtained from DEG, in Tween 80 at 0.033%) in
aquaria containing 1 L water in this fourth experiment.
Controls of BDZ and globulol at the same concentrations
were also performed. Eight fish (32.93+0.95 g;
15.23+0.21 cm) were tested individually at each
concentration. The stages of the induction of anesthesia
and recovery time were evaluated as described for the
evaluation of the depressor properties. The maximum
observation times were 30 min for induction and 60 min
for recovery.

Reversion of the depressor effects. Fish (28.34 +1.19 g;
14.60+£0.21 cm) were placed in water containing BDZ
(150 uM diazepam), 20 mg/L globulol, or globulol plus
BDZ, at the same concentration as described in Evaluation
of the depressor properties and Association with
benzodiazepine sections. After induction, animals were
transferred to an anesthetic-free aquarium containing
either the classic BDZ antagonist flumazenil (5 puM,
Flumazil®, Cristélia, Brazil) or water. Fish behavior was
scored 1, 5, 10, 15, and 20 min after the transfer according
to the protocol described by Heldwein et al. (23). After
20 min, scores for each fish (n=5 for each recovery
treatment) were summed.

Statistical analysis

Data are reported as means +SE. The homogeneity
of variances and normality of data were verified with
Levene and Kolmogorov-Smirnov tests, respectively. Log
transformations were performed before statistical analysis
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when appropriate. Comparisons of activity of the leaf and
inflorescence EOs at the same concentration, between
concentrations of the isolated compound and between
recovery treatments in the reversion experiment were
performed with the f-test or the Mann-Whitney test.
Anesthetic effects of EO or eugenol compared with the
isolated compounds were analyzed by one-way ANOVA
and Tukey or Kruskall-Wallis and Dunn tests. Two-way
ANOVA and the Tukey test or Scheirer-Ray-Hare exten-
sion of the Kruskal-Wallis test and the Dunn test were
used to evaluate the association in comparison to globulol
and BDZ alone. Analysis was performed using the
SigmaPlot version 11.0 software, and the minimum
significance level was set at P<<0.05.

Results

Phytochemical analysis

In the extractive yield of H. mutabilis, the EO was
higher from inflorescences (0.28%) than from leaves
(0.25%). Quantitative differences in composition were
detected between the EOs of the different parts of the
plant. Globulol (26.61%) was the major compound of leaf
EO in the two collection periods evaluated, while
inflorescence EO was rich in germacrene D (14.97%;
Table 1). The fractionation of leaf EO resulted in isolation
of two compounds that were identified as 1-terpinen-4-ol
and globulol according to the literature (19,20,24-26).

Evaluation of depressor properties

Silver catfish exposed to leaf and inflorescence EOs
did not show significant differences in the induction time
for deep sedation and anesthesia (Figure 1). However,
only 33% of fish were anesthetized with 344 mg/L
inflorescence EO, whereas all animals reached this stage
with leaf EO. At 172 mg/L, leaf EO promoted S3b
anesthesia in all animals exposed, but only 1 fish (17%)
reached this stage with the inflorescence EO (1578 s).
Ethanol alone did not produce any anesthetic or sedative
effect.

Total recovery was observed in all animals within 2 h.
During the 30 min of observation, about half the fish
exposed to leaf EO and two animals (33%) exposed to
344 mg/L inflorescence EO returned to normal behavior.
Side effects were observed in 30% of the fish exposed to
inflorescence EO during recovery time, and they were
independent of the concentration tested. There were
hyperactivity episodes, where spasms and/or “corkscrew-
like” circling swimming behavior could be observed,
followed by an immobile period and a return to swimming,
with partial loss of equilibrium. Mortality or other side
effects were not observed in either sample 48 h after
exposure.

The induction time to stages of anesthesia was shorter
for fish exposed to 344 mg/L EO than to the isolated
compounds in proportional concentrations. The only
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Table 1. Chemical composition of essential oils (EO) of Hyptis mutabilis.
Components Relative percentage RI cal RI ref
IEO LEO 1 LEO 2
a-thujene 4.258 1.649 6.001 925 925°
a-pinene 7.27 1.096 3.713 930 933?
4(10)-thujene 2.027 970 9682
B-pinene 7.906 2.897 1.915 972 9707
1-octen-3-ol 0.774 1.233 1.27 980 9792
Limonene 1.34 1.731 1.636 1025 1029°
t-terpinene 0.385 0.199 0.715 1056 1056°
(+)-1-terpinen-4-ol 0.712 0.395 0.886 1175 11742
o-copaene 2.364 2.647 1.694 1377 13772P
B-bourbonene 0.787 1.492 1.532 1386 13842
B-cubebene 0.875 1.172 0.693 1391 1389°
(-)-p-elemene 0.789 0.552 0.554 1393 13937
E-caryophyllene 12.424 10.839 13.948 1423 14192P
a-caryophyllene 2.434 3.95 2.54 1455 14552
Germacrene D 14.968 6.936 8.697 1484 14852
Bicyclogermacrene 10.895 7.845 9.048 1499 1500°
Germacrene A 0.906 0.874 0.591 1506 1509°
y-cadinene 0.994 1513 15142
Cubebol 1.085 2.06 1517 1515°
(+)-8-cadinene 2.166 1.966 1.188 1525 15232
Spathulenol 1.401 1577 15782P
Germacrene D-4-ol 0.875 1580 1576%P
(-)-globulol 11.604 26.61 24.232 1587 1585
1593 15922P
Viridiflorol 0.664 1.14 0.835 1592 1593
1597 159530
Humulene epoxide I 0.426 1.336 1613 1608°
1-epi-cubenol 0.419 0.837 0.388 1632 1629°
Caryophylla-4(14),8(15)-dien-5q-ol 0.797 0.37 1636 164°
Caryophylla-4(14),8(15)-dien-5p-ol 1.127 0.811 1640 1641°
t-muurolol 1.109 1.434 0.597 1645 16452
(-)-6-cadinol 0.384 0.589 0.396 1649 1648°
a-cadinol 1.359 1.759 0.82 1658 16542
Total identified (%) 95.679 95.882 91.126

LEO: leaf EO collected in March 2010 (1) and March 2012 (2); IEO: inflorescence EO; RI cal: calculated Kovats retention index; RI ref:
reference Kovats retention index. 2NIST (19); °Adams (20). Bold type indicates isolated constituents. Components in amount below

0.5% have been omitted.

exception to this pattern occurred with globulol in stage 3a
(Table 2). The exposure to 1-terpinen-4-ol (3 and 10 mg/
L) was able to promote only deep sedation in the
juveniles, with significant differences between concentra-
tions (Table 2). However, the fish showed signs of
recovery by 30 min of exposure to both concentrations
of 1-terpinen-4-ol. Higher concentrations of 1-terpinen-4-
ol were not evaluated in this study due to the small
quantity obtained from the isolation process and its high
volatility from the anesthetic bath.

Concentrations of 10 and 20 mg/L globulol induced to
stages 2 and 3a, but 190 mg/L anesthetized (stage 4) all
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exposed fish in about 13 min. Intermediate concentrations
(50 and 83 mg/L) promoted stages 3b and 4 in 14-71% of
the fish tested. A positive relationship between an
increase of drug concentration and a decrease in the
time required for anesthesia induction was observed for
all stages (Table 2).

Only fish exposed to 10 mg/L globulol recovered
during the observation period (195.4+25.6 s). For the
other concentrations, the time of recovery exceeded
30 min (data not shown). “C-shaped” contractions and/
or circular swimming followed by a motionless period were
observed in the recovery period after exposure to 20 and
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Figure 1. Anesthetic activity of essential oils (EO) of Hyptis
mutabilis obtained from leaf (LEO 1) and inflorescence (IEO) at
concentrations of 172 mg/L (A) and 344 mg/L (B) in silver catfish
juveniles. Stages of anesthesia: deep sedation (stage 2), partial
loss of equilibrium (stage 3a), total loss of equilibrium (stage 3b),
and anesthesia (stage 4) (22). Maximum observation time was
30 min. Time to reach each stage is given in seconds (s). Data
are reported as means = SE (n=6). *P<0.05, compared to LEO
1 (t-test or Mann-Whitney U-test).

50 mg/L globulol. Mortality within 48 h after testing
occurred in animals exposed to 83 and 190 mg/L globulol
(29 and 57%, respectively), as well as loss of mucus
during induction.

Statistically significant differences between 1-terpi-
nen-4-ol and eugenol controls in induction time were not
detected until stage 2 at 10 mg/L. Fish exposed to
globulol (10 and 50 mg/L) needed more time to reach
this stage than those exposed to eugenol or 1-terpinen-4-
ol at equal concentrations (Table 2). Recovery occurred
faster with juveniles exposed to 10 mg/L globulol than
those sedated with eugenol at the same concentration
(411.4+£73.0 s). At 50 mg/L, only animals exposed to
eugenol recovered during the observation time
(508.4+11.4 s).

Involvement of the GABAergic system

A reduction in the time required to reach most of the
stages of anesthesia and a higher depression level were
observed with the association of BDZ and globulol (Figure 2).
Among the fish exposed to 150 M BDZ and to 10 mg/L
globulol, 75 and 25%, respectively, reached stage 3a
during the observation time. However, some fish exposed
to the association reached stage 3b (37.5% with 10 mg/L
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globulol+BDZ, and 75% with 20 mg/L globulol + BDZ) and
stage 4 (50% with 20 mg/L globulol+BDZ, in
1617.5+94.0 s). An irregular recovery pattern was also
observed in this experiment. Only fish exposed to BDZ
presented 100% recovery within 60 min, whereas return to
normal behavior occurred in 43.7-75% of the animals
exposed to globulol or its association with BDZ.

During the reversal of depressive effect, a higher total
score corresponds to faster recovery. Fish exposed to
BDZ had a higher total score when 5 uM flumazenil was
added to the water compared with those fish that
recovered in water alone (Figure 3). The same pattern
occurred when the two agents were combined, but not
with globulol alone.

Discussion

Phytochemical analysis

The EO content extracted from both parts of the plant
was within the range described for EOs obtained from
aerial parts of H. mutabilis collected in different localities
(0.1-2.1%) (9). The same pattern was not verified in
relation to the chemical composition of the EOs from the
leaves and inflorescences (9,13-16,27). Globulol was one
of the major compounds in leaf and inflorescence EOs. It
was also detected in high amounts (11.9%) in the EO
obtained from aerial parts of this species collected in
Retiro das Pedras (State of Amapa, North of Brazil).
However, those samples contained &-3-carene (25.5%)
and terpinolene (24.7%) as additional major components
(9), which characterize them as a chemotype distinct from
those detected in this study.

Evaluation of the depressor properties

The anesthetic activity detected for the EO was not
surprising, since H. mutabilis is used as a sedative in folk
medicine (12). Silver catfish reached the anesthesia stage
around 21-23 min with 344 mg/L EO obtained from leaves
and inflorescences. Other fish anesthetics in similar
concentrations are able to induce anesthesia in less time.
For example, the EO of Lippia alba (300-500 mg/L)
anesthetized silver catfish in 1-4 min (4).

There are only a few reports on the anesthetic and
sedative properties of isolated plant compounds in aquatic
animals, and those only evaluated the effects of eugenol
and menthol (5,6,28,29). In this study, the depressor
effects of 1-terpinen-4-ol and globulol obtained from EO of
H. mutabilis were characterized in silver catfish. These
effects did not correspond to the leaf EOs from which they
were isolated, which suggests a synergic action between
the EO constituents.

The sedative effect of 1-terpinen-4-ol is reported to be
higher or similar to that of eugenol at the same
concentrations in silver catfish (28). However, the use of
1-terpinen-4-ol in place of eugenol is not advisable,
because it was not able to maintain this stage for
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Table 2. Time required for induction of anesthesia in silver catfish juveniles with globulol and 1-terpinen-4-ol, in comparison with EO of
Hyptis mutabilis (LEO 2) and eugenol (positive control).

Compound (mg/L) Induction time (s)

Stage 2 Stage 3a Stage 3b Stage 4

Globulol

10 1331.4 + 124.8*

20 325.3 + 28.0 717.9 + 70.6

50 107.3 + 1.6* 139.3 + 9.1* 1041.5 + 25.5* #

83 447 + 538 116.6 + 19.0% 1056.2 + 63.7° 1247.0 + 95.7°°

190 141 + 2.5 148.0 + 10.6 502.0 + 7.9 779.1 + 55.0°

Equation y = 115.27+6732.71 y = 89.68+4297.40 y = 852.49+5.79x-

exp017%.0.56x (r2=0.999) exp 099684 0.31x (r2=1.0) 0.04x2 (r*=1.0)

1-terpinen-4-ol

3 946.8 + 65.0"°

10 300.9 + 42.8°
LEO 2

344 253 + 3.7¢ 93.0 + 16.6" 566.4 + 66.6° 796.3 + 68.2°
Eugenol

10 165.7 + 19.7 226.0 + 19.1

50 357 + 6.0 60.6 + 2.9 363.7 + 18.6 549.7 + 26.5

Stages are according to Schoettger and Julin (22). Maximum observation time was 30 min. Data are reported as means + SE (n=7).
#Only 1 fish reached this stage of induction (1767s) until 30 min. Different lowercase letters in the columns indicate significant
difference among concentrations of the same compound using the t-test (P<0.05). Different uppercase letters in the columns indicate
significant differences between LEO 2 and isolated compound at proportional concentrations (83 mg/L of globulol and 3 mg/L 1-
terpinen-4-ol) using one-way ANOVA and the Tukey test (P<<0.05). * Statistically different from eugenol at the same concentration by
Kruskall-Wallis and Dunn tests (P<<0.05). In equations, x: concentration of compound (mg/L); y: time to reach the stage of induction or
recovery from anesthesia in seconds (s).

30 min. In this context, globulol at 10 mg/L seems to have
a better pharmacological profile. Despite its induction time
being about 10-fold higher than eugenol, its low concen-
tration effectiveness and fast recovery after exposure are
positive points for its use as a sedative. Low concentra-
tions of anesthetics are used for long exposures during

fish transport, aiming to reduce stress and injury (28,30).

Anesthetic activity of globulol was observed at
concentrations from 83 to 190 mg/L with an induction
time of 13-21 min. A similar concentration range of
menthol (100-200 mg/L) induces anesthesia within
10 min in tambaqui (Colossoma macropomum) and pacu

1200 1800
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Z 1000
800
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200

Figure 2. Time required for induction of anesthe-
sia in silver catfish with globulol in association
with benzodiazepine (BDZ): stage 2 (A), stage 3a
(B) and stage 3b (C) according to Schoettger and
Julin (22), and recovery time (D). Maximum
observation time was 30 min to induction and
60 min to recovery. Time to reach each stage is
given in seconds (s). Data are reported as
means + SE (n=28). *Significantly different com-
pared to BDZ; different uppercase letters indicate
significant differences between globulol and
association (globulol+BDZ) at the same con-
centration; different lowercase letters indicate
significant differences between concentrations
of the same group. Two-way ANOVA and the
Tukey test or Scheirer-Ray-Hare extension of the
Kruskal-Wallis test and the Dunn test were used
(P<0.05). The control group of vehicle treatment
is omitted because it did not produce any stage of
anesthesia.
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Figure 3. Sum of recovery scores for silver catfish exposed to
20 mg/L globulol, 150 uM benzodiazepine (BDZ), and the
association (globulol+BDZ) at the same concentrations. Data
are reported as means+SE (n =5). *P<0.05, compared to
treatment with water (t-test).

(Piaractus mesopotamicus) (6,29). Eugenol requires a
lower concentration and less time to induce this depres-
sion level in silver catfish (20-50 mg/L; 1.6-15 min) and
pacu (25-100 mg/L; 0.8-3.5 min) (5,6).

Loss of mucus during induction and mortality after
exposure were observed at the highest globulol concen-
trations, but these effects are also commonly observed
with some synthetic anesthetics used in aquaculture, such
as benzocaine (1,31-33).

The irregular pattern of anesthetic induction observed
with some anesthetic concentrations or samples can
result from individual differences in fish responsiveness.
The presence of high and low responders within the same
fish family was previously described in relation to cortisol
release (34). However, other studies should be performed
to confirm this hypothesis.

The long recovery time detected for all the drugs
tested could be due to their hydrophobic characteristics.
Kiessling et al. (2) confirmed that isoeugenol, a lipophilic
compound, exhibits slower clearance than the hydrophilic
drug MS-222 in Atlantic salmon (Salmo salar). Slow
clearance may be associated with drug accumulation in
adipose tissue, which in turn would increase the recovery
time after long exposure (2,3).

Involvement of the GABAergic system

The evaluation of a drug’s mechanism of action may
include experiments using synergism and/or reversal of
effect by a pharmacological antagonist (35,36). In this
study, these two strategies were used to assess the
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involvement of the GABAergic system in globulol’s
mechanism. Gamma-aminobutyric acid (GABA) is the
main inhibitory neurotransmitter in the vertebrate brain,
and its ionotropic receptors are widely recognized as
targets of action of sedative and anesthetic compounds.
Benzodiazepine drugs, such as diazepam, are positive
allosteric modulators of the GABA, receptor, and they
increase the opening frequency of the GABA-gated
chloride channel (37).

Clear synergic behavior was detected when globulol
and diazepam were associated at sedative concentra-
tions. Similar results were observed for sedation induced
by the EOs of L. alba and O. gratissimum using the same
protocol (8,23). However, as opposed to those results,
globulol alone seems to act independently of flumazenil-
sensitive benzodiazepine sites on the GABA receptor.
Thus, the sedative properties of globulol could be the
result of action at another site on the GABA receptor or at
a different receptor.

On the other hand, the abnormal behavior observed in
fish exposed to globulol at 20-50 mg/L may be indicative
of anti-glutamatergic activity. Riehl et al. (38) reported
circular swimming behavior without spiraling rotations in
zebrafish (Danio rerio) exposed to sub-anesthetic doses
of ketamine, and related these effects to antagonist action
on N-methyl-D-aspartate glutamate receptors. As globulol
behavior seems to be distinct from that found for
inflorescence EO, additional studies should be performed
to explain these effects and to study globulol action on
glutamate receptors.

In conclusion, sedative and anesthetic properties of
EOs of H. mutabilis and their isolated compounds
(1-terpinen-4-ol and globulol) were verified in silver
catfish. The biological action and chemical composition
of the EOs were influenced by the part of the plant from
which they were obtained. Of the samples tested, globulol
was the only one with potential application as a sedative
for aquatic animals. Its effect seemed not to involve the
GABAAa-benzodiazepine receptor.
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