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ABSTRACT

The aim of this study was to evaluate the efficacy and safety of several anesthetics in the brachyuran crab 
Neohelice granulata, an emergent experimental model. The essential oils (EOs) of Lippia alba, Aloysia 
tryphilla, and Melaleuca alternifolia (tea tree oil; TTO), the isolated compounds eugenol, menthol, 
terpinen-4-ol, and the nanoencapsulated form of TTO, were administered in one or more of the following 
ways: added to the water (immersion), through an arthrodial membrane (injected), or by oral gavage. 
Unexpectedly, most EOs did not produce an anesthetic effect after immersion. Only TTO and eugenol 
induced anesthesia by immersion, with very long induction and recovery times compared to anesthesia 
of other crustaceans. However, a good anesthetic effect was observed with the injection of terpinen-4-ol 
and nanoencapsulated TTO in N. granulata; both demonstrated ideal induction and recovery times. These 
substances appear to be promising anesthetic alternatives for crustaceans. 
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INTRODUCTION

Crustaceans may experience pain and stress in 
ways that are analogous to those of vertebrates, 
demonstrating a similar experience in terms of 
suffering (Elwood and Appel 2009). In this sense, 
using different noxious stimuli and behavioral 
responses to indicate pain, study conducted by 
Barr et al. (2008) demonstrated that crustacean 
Palaemon elegans presents a physiological 
stress response analogous to the pain observed 
in vertebrates, concluding that this specie needs 
attention during manipulation.

Current methods for stunning, anesthesia, 
and euthanasia include freezing, direct blunt force 
in the rostrum, injection of magnesium chloride 
or potassium chloride, or carbon dioxide (CO2) 

exposure (Cooper 2011).  However, these methods 
are not considered safe or suitable in accordance 
with the American Veterinary Medical Association 
(AVMA 2007); thus, alternative methods, such 
as the use of anesthetics, are required to avoid 
or minimize the suffering of animals. Moreover, 
recently it has been shown that the crustacean 
nervous system is capable of preserving nerve cell 
communication and rhythmicity even at extremely 
low temperatures (Marder et al. 2011, Tang et al. 
2012). Magnesium chloride and exposure to CO2 

are not effective as anesthetics, and CO2 reduces 
water pH, leading to stress before paralysis and/or 
death (Fregin and Bickmeyer 2016). This has led us 
to question how decapod crustaceans can be safely 
anesthetized before treating them in physiological 
experiments or carcinoculture.

In fish farming, anesthetics have been 
successfully used to minimize stress and pain, 
facilitate handling and transport, and prevent 
injury (Gunkel et al. 2007, Ross and Ross 2008). 
Crustaceans can also be anesthetized with synthetic 
anesthetics, such as tricaine methanesulfonate (MS-
222), isobutyl alcohol, and intramuscular injections 
of lidocaine, ketamine, pentobarbital, propofol, 

tiletamine–zolazepam, or xylazine (Brown et al. 
1996, Ferraro and Pressacco 1996, Quesada et al. 
2011). However, the use of synthetic anesthetics can 
be harmful to animals. For example, MS-222 can be 
toxic and may cause aversive reactions (Yue 2008). 

Alternatively, the use of natural products with 
anesthetic potential, such as clove oil (Eugenia 
aromatica essential oil), have shown promise, and 
may offer more security for animals (Morgan et 
al. 2001). Several studies have demonstrated that 
clove oil is a popular anesthetic for procedures 
such as handling and transportation of some 
aquatic animals (Keene et al. 1998, Griffiths 2000). 
In addition, clove oil has already been tested for 
cephalopods (Seol et al. 2007, Gonçalves et al. 
2012), amphibians (Hernández et al. 2012), and 
crustaceans (Keene et al. 1998, Morgan et al. 
2001, Bownik 2015, Premarathna et al. 2016). 
Eugenol, the major compound of clove oil, and 
the essential oils (EOs) of Lippia alba and Aloysia 
triphylla are effective anesthetics for white shrimp 
(Litopenaeus vannamei) and can be used for 
short-term anesthesia and transport (Parodi et al. 
2012). However, anesthesia studies in brachyuran 
decapods are still scarce. 

Based on the evidences, our hypothesis is 
that use of essential oils can be a new approach to 
anesthesia of invertebrates in order to reduce or 
avoid the physiological stress during manipulation 
or invasive procedures.  Thus, the aim of this study 
was to investigate the anesthetic efficiency of 
different natural products using the brachyuran crab, 
Neohelice granulata, as an experimental model.

MATERIALS AND METHODS

ANIMALS

Adult male N. granulata crabs (n = 250) (10.2 ± 
0.35 g) were collected in salt marshes around Rio 
Grande city, Southern Brazil, and transported to a 
laboratory. The animals were acclimated for at least 
15 days before the experiments. Individuals were 
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temperature 220°C, interface temperature 250°C, 
Databank (NIST 2002). 

The constituents of the EOs were identified by 
comparing their mass spectra with a mass spectral 
library (NIST 2002) and by comparison of the 
Kovats retention index with data in the literature 
(Adams 2001).

The principal compounds in EOAT were 
E-citral (42.30%) and Z-citral (29.92%), while 
linalool (55.25%) was the most abundant compound 
for EOLA, and for TTO the majorities components 
were terpinen-4-ol (41.98%), γ-terpinene (20.15%), 
and α-terpinene (9.85%) (Parodi et al. 2012, Saccol 
et al. 2013, Baldissera et al. 2016).

PREPARATION OF ANESTHETICS

For immersion tests, EOs, eugenol, and menthol 
were previously dissolved in ethanol at a ratio of 
1:10 (stock solution) before they were added to 
the water. For injection or gavage tests, eugenol 
and menthol were used after being dissolved in 
ethanol or diluted in physiological solution for 
crustaceans (Maciel et al. 2014). Terpinen-4-ol and 
nanoencapsulated TTO were used pure or diluted 
in physiological solution. 

ANESTHETIC TESTS

Crabs were selected randomly for each experimental 
group (n = 5), and each animal was used only once. 
We divided the anesthetic tests into two experiments. 
In the first experiment, EOs and natural compounds 
were tested. In the second experiment, as TTO was 
the only EO with an anesthetic effect (see results), 
we decided to investigate the use of the major 
isolated compound derived from TTO.

EXPERIMENT 1

For the immersion tests, crabs were transferred to 
aquaria containing 1 L of continuously aerated sea 
water (20 ppm) together with 300, 500, 1000, 2000, 
3000, 5000, or 8000 µL L-1 of eugenol, EOLA, 

kept in tanks, with free access to air at 20°C, 20 
ppm of salinity, 12L:12D photoperiod, and 6.5 mg O2. 

L-1. The crabs were fed ad libitum with ground beef 
three times a week until the day of the experiment.

Essential oil of the leaves of Melaleuca 
alternifolia (tea tree oil; TTO) was purchased 
from Química Delaware Ltda, Brazil, and eugenol 
(99% purity) was purchased from Biodinâmica™, 
Ibiporá, PR, Brazil. Nanoencapsulated TTO was 
obtained from Inventiva® (Porto Alegre, Brazil), 
and terpinen-4-ol was obtained from Sigma–
Aldrich Corporation (St. Louis, United States, 
purity ≥97%). Menthol (99.5% purity) was 
purchased from Vetec® (Rio de Janeiro, Brazil). 
Essential oils of Lippia alba (EOLA) and Aloysia 
triphylla (EOAT) were obtained from fresh plants 
cultivated at the campus of the Universidade 
Federal de Santa Maria, in the city of Frederico 
Westphalen, Southern Brazil. The oil extraction 
from the leaves of these plants was performed by 
steam distillation, in a Clevenger apparatus and 
stored at -20oC until use. EOLA, EOAT, and TTO 
composition was analyzed by gas chromatography. 
It is important emphasize that A. triphylla and L. 
alba showed potent anesthetic effects for withe 
shrimp (L. vannamei), as demonstrated by Parodi 
et al. (2012), while the M. alternifolia essential oil 
and terpinen-4-ol demonstrated potential anesthetic 
effects to silver catfish (Rhamdia quelen) (Souza 
et al. 2018), which aroused our interest in the use 
of these essential oils as possible anesthetic to N. 
granulata.

Gas chromatography-mass spectrometry total 
ion chromatogram analysis was performed using 
an Agilent-6890 gas chromatograph coupled 
with an Agilent 5973 mass selective detector 
under the following conditions: HP-5MS column, 
5%-phenyl–95%-methylsiloxane, 30 m × 0.25 mm 
× 0.25 μm; EI–MS, 70 eV; operating conditions, 
split inlet 1:100, temperature program 40–260°C, 
40°C for 4 min, ramp rate 4°C/min, carrier gas 
He, flow rate 1 mL min−1, injector and detector 
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EOAT, and TTO, or 1500, 4000, and 10000 µL L-1 

of menthol. Exposure to ethanol was also performed 
at the same concentration used for dilution of the 
highest EO concentrations.

Insulin syringes (BD Ultra-Fine ™) were 
used for the injection tests with 25 or 50 µL of 
EOs, eugenol, and menthol. Subsequently, these 
products were also tested diluted 10, 100, 1000, 
10000, or 100000-fold in crustacean physiological 
solution. The needle was inserted through the 
arthrodial membrane between the carapace and the 
coxa of the swimming pereopod. Insulin syringes 
were inserted in the oral cavity for the gavage with 
50 µL of EOs (Figure 1). 

The behavior of the crabs was observed to 
evaluate the time required for the induction of 
anesthesia, based on the procedure reported by 

Gardner (1997) and Morgan et al. (2011), with 
some adaptations (Table I). Crabs were classified 
as in the stage of sedation when they demonstrated 
partial loss of equilibrium, but were still reactive to 
touch stimuli. Crabs were classified as in the stage 
of anesthesia when they demonstrated complete 
loss of equilibrium and were not reactive to stimuli. 
After induction, the crabs were transferred to an 
anesthetic-free aquarium to measure the anesthesia 
recovery time. Animals were considered recovered 
when normal equilibrium and reaction to external 
stimuli were observed.

EXPERIMENT 2

The anesthetic tests were performed as described in 
Experiment 1. Terpinen-4-ol and nanoencapsulated 

Figure 1 - Sites of injection (arrows) used in this study.

TABLE I 
Evaluation of anesthetic stages for the crab Neohelice granulata.

Stages of anesthesia Behavioral characteristic
Sedation Loss of righting reflex and defensive response

Slow and occasional limb movement 
Relaxed abdominal flap and chelae 

Slow limb withdrawal when pressure applied with forceps
Anesthesia Loss of righting reflex and defensive response

Complete limb immobility
Relaxed abdominal flap and chelae 

Limb withdrawal absent when pressure applied with forceps
Recovery Return of defensive behavior or righting response, or both

Modified from Gardner (1997) and Morgan et al. (2011).
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TTO were used at concentrations of 300, 500, 1000, 
2000, 3000, 5000, or 8000 µL L-1 for immersion 
tests. For the injection tests, nanoencapsulated TTO 
and terpinen-4-ol were used at doses of 20, 40, 60 
µL, or 10, 20, 30, or 40 µL, respectively. In addition, 
they were also tested after diluting 10, 100, 1000, 
10000, or 100000-fold in crustacean physiological 
solution for injection. Control experiments were 
performed using only nano blank.

STATISTICAL ANALYSIS

The results are presented as means ± standard 
error of the mean (SEM). Since most data were 
homoscedastic, as evident with Levene’s test, 
differences between groups were analyzed and 
detected using one-way analysis of variance 

(ANOVA) followed by Tukey’s test. The differences 
were considered to be statistically significant at 
p < 0.05. All analyses were carried out using the 
software Statistica 7.0 (Stat Soft, Tulsa, OK).

RESULTS

Most products tested did not produce any 
anesthetic efficacy for N. granulata, irrespective 
of the application method. EOLA and EOAT, 
when injected or used in oral gavage, caused 
autotomy and/or death (up to 30 min). However, 
TTO and eugenol produced anesthetic effects 
in the immersion test, but only at the highest 
concentration (8000 µL L-1) (p < 0.05) (Table II). 
Anesthesia induction and recovery with TTO and 
eugenol were observed within 20-30 min.

TABLE II 
Method of exposure, induction and recovery times (in seconds), and anesthetic effects of essential oils and compounds 

tested in Neohelice granulata.
Induction (s), 

median
Recovery (s), 

median Anesthetic

Substance
Dose (µL) or

concentration (µL L-1)*
Method (minimum-

maximum)
(minimum-
maximum) effect

Eugenol up to 7000 Immersion NE NE None 
8000 Immersion 1440 (1020-2460) 1560 (600-2820) Light (1) / deep (4)

25 and 50 Injected NE NE Autotomy (60%)/death (80%)
up to 100+ Injected NE NE None

Menthol 1500, 4000, and 10000 Immersion NE NE None 
EOLA up to 5000 Immersion NE NE None

25 and 50 Injected NE NE Autotomy (20%)/death (100%)
50 Oral gavage 900 (480-1920) - Deep/death (100%)

up to 100+ Injected NE NE None 
EOAT up to 7000 Immersion NE NE None

25 and 50 Injected NE NE Death
50 Oral gavage 1080 (600-2580) - Deep and death (100%)

up to 100+ Injected NE NE None 
TTO up to 7000 Immersion NE NE None

8000 Immersion 761.28 (360-926) 1458 (72-2580) Deep
Terpinen-4-ol up to 8000 Immersion NE NE None

up to 100+ Injected NE NE None 
Nanoencapsulated TTO up to 8000 Immersion NE NE None 

up to 100+ Injected NE NE None

EOLA - essential oil of Lippia alba; EOAT - essential oil of Aloysia triphylla; TTO -  essential oil of Melaleuca alternifolia.* Dose: 
used for injection or oral gavage; concentration used for immersion. NE - Not effective. +Diluted in physiological solution at 10X, 
100X, 10000X, and 100000X.
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Induction of anesthesia was obtained with 
terpinen-4-ol and nanoencapsulated TTO (Figure 
2). A faster anesthetic effect was observed with 
injection of 40 and 60 µL nanoencapsulated TTO, 
and 30 and 40 µL terpinen-4-ol (both without any 
dilution in physiological solution), with a maximum 
time of 407.4 s for anesthesia induction; however, 
injection of 20 µL terpinen-4-ol produced longer 
induction time (2361.2 s). Anesthetic recovery for 
crabs anesthetized with nanocapsulated TTO was 

rapid, with a maximum of approximately 540 s. 
However, the recovery time after treatment with 
terpinen-4-ol was lengthier, exceeding 30 min.

DISCUSSION

The present study is the first to report anesthetic 
activity in vivo for crabs using nanotechnological 
preparations, and demonstrated a low susceptibility 
of N. granulata to anesthesia by immersion with 
the tested EOs. Only TTO and eugenol (compound 
derived from clove oil) produced anesthetic effects 
by immersion, but both had long induction and 
recovery times. Eugenol produced 60% anesthetic 
efficacy in N. granulata up to 1800 s, and the 
recovery time was, on average, 1560 s at the highest 
tested concentration (8000 mL L-1), similar to 
observed  using eugenol administered by immersion 
at 20000 µL L-1 in the crab Eriocheir sinensis, but 
only 20% of the animals were anesthetized (Hajek 
et al. 2009). However, exposure of the three-spot 
swimming crab, Portunus sanguinolentus, to clove 
oil added to sea water (200 µL L-1) produced a faster 
induction time, approximately 800 s, but recovery 
was slower, about 2460 s (Premarathna et al. 2016). 
These authors also suggested that clove oil (which 
is widely available and low cost), although it 
causes slow recovery, can be used as an anesthetic 
for crabs when prolonged anesthesia is required. 
Eugenol is an efficient anesthetic for white shrimp 
(L. vannamei); where 175 and 200 µL L-1 of eugenol 
was shown to induce deep anesthesia in larvae and 
sub-adults, respectively, within a maximum time 
of 500 s (Parodi et al. 2012), but is not efficient for 
N. granulata. Interestingly, Morgan et al. (2001) 
demonstrated large differences in concentrations 
of eugenol used to induce anesthesia in three 
crayfish species (Cancer magister, Hemigrapsus 
oregonensis, and Pugettia producta), suggesting 
that differences in anesthetic efficiency could be 
because of the specificity of chemical receptors 
(Saydmohammed and Pal 2009), which could also 

Figure 2 - Induction and recovery times of terpinen-4-ol (a) 
and nanoencapsulated TTO (b) injected in Neohelice granulata. 
Stages of induction were observed according to Gardner (1997) 
and Morgan et al. (2011). Maximum observation time for 
induction and recovery was 30 min. Data are presented as mean 
± SEM (n = 5). Different letters indicate significant differences 
between concentrations, for the same stage (p < 0.05).
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explain the low anesthetic efficacy of eugenol for N. 
granulata. Thus, the eugenol no can be considered 
an effective anesthetic agent for N. granulata via 
oral gavage, injected or by immersion.

Intravascular administration of EOs and 
eugenol was not effective and, in some cases, 
provoked autotomy and/or death. Although the exact 
cause of the crab mortalities in the present study 
was not determined, Minter et al. (2013) related to 
limb autotomization occurs in an attempt to prevent 
excessive loss of hemolymph. The hemolymph, 
in the same way as the blood in vertebrates, is 
an aqueous medium and therefore is immiscible 
with most essential oils. According to Turner et al. 
(2011), some oily substances may induce hemolysis 
when they are introduced intravenously. Despite 
their anesthetic ineffectiveness for N. granulata, 
EOs and eugenol injected at 50 µL may be suitable 
agents for euthanasia. 

Silva et al. (2013) verified the sedative 
properties of an immersion bath of terpinen-4-ol at 
3 and 10 mg L-1, in silver catfish (R. quelen). The 
median induction times observed for terpinen-4-
ol and nanoencapsulated TTO were comparable to 
those seen with injectable synthetic anesthetics in 
crustaceans, such as ketamine, xylazine, procaine, 
lidocaine, and alfaxalone (Brown et al. 1996, 
Gardner, 1997, Quesada et al. 2011, Minter et al. 
2013). It appeared that the injection of terpinen-
4-ol and nanoencapsulated TTO did not cause 
large physiological alterations in the crabs, since 
there were no observed changes in autotomy or 
behavior, and no mortality was observed during 
or after recovery. Crustaceans respond differently 
to anesthesia than fish, possibly because their 
synaptic receptor sites are not affected by certain 
anesthetics (Ross and Ross 2008). In addition, much 
higher concentrations are required to anesthetize 
crustaceans than fish (Cunha et al. 2010a, b, Parodi 
et al. 2012, 2014). TTO at 200 µL L-1 is enough 
to anesthetize common carp (Cyprinus carpio) 
(Hajek 2011) and gilthead seabream (Sparus 

aurata) (Golomazou et al. 2016), while 8000 µL 
L-1 of TTO was required to anesthetize 100% of N. 
granulata, which makes the use of TTO practically 
inviable due the volume used and elevated cost 
of procedure. In contrary, injections of non-
diluted nanoencapsulated TTO and terpinen-4-ol 
provided rapid and reliable anesthesia induction in 
N. granulata at 40 and 60 µL, and 30 and 40 µL, 
respectively.

Based on these findings, it can be confirmed 
that N. granulata is neurosensitive to water soluble 
EO constituents, such as terpinen-4-ol (Hart et al. 
2000) and some nanoencapsulated EOs (Assis et 
al. 2012). Although Abbott (1970) demonstrated 
the absence of a hemolymph-brain barrier in crabs 
(Carcinus maenas), it is possible to speculate that 
there exists a more rigid barrier, which hinders 
the passage of some water insoluble molecules. 
The study conducted by Baldissera et al. (2017) 
demonstrated that sesquiterpene nerolidol did not 
exhibit anti-parasitic effects in mice experimentally 
infected with Trypanosoma evansi, but when this 
compound was nanoencapsulated, it crossed the 
blood-brain barrier (BBB) and had 100% anti-
parasitic efficacy. Thus, our results indicate that 
the nanoencapsulation of TTO allowed the passage 
of terpinen-4-ol through the more rigid barrier of 
crabs, and consequently, induced anesthesia. On 
the contrary, Maldonado et al. (1997) pointed out 
that the absence of an endothelial hemolymph-
brain barrier in crabs would be responsible for 
the increased action of compounds administered 
systemically. However, only water-soluble 
compounds, such as cloheximide actinomycin-D, 
angiotensin II, enkephalin, and serotonin were 
tested. Therefore, future studies should investigate 
the existence of a hemolymph-brain barrier in N. 
granulata using the Evans Blue dye.

A previous study conducted by Melo 
et al. (2010) showed that nanoencapsulated 
benzocaine presented with increased solubility, 
thereby improving absorption and consequently 
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potentiating its in vitro action. Consistent with 
this, Alonso (2004) and De Jong et al. (2008) 
demonstrated that nanotechnology can facilitate 
the transfer of drugs through biological barriers 
through the reduction on size in the nanometric 
scale. Also, study conducted by Mistry et al. (2015) 
demonstrated that nanostructures with 20-200 nm 
presents a better capacity to cross the BBB, and the 
nanoencapsulated TTO used in this present study 
presents 150.2 nm, which also may explain the 
success of anesthesia with nanoencapsulated TTO.

In conclusion, most anesthetic protocols 
investigated in this study were not suitable for N. 
granulata, such as A. triphylla, L. alba and TTO 
essential oils, and the eugenol.  Anesthesia by 
immersion appears to be inadequate, and injection 
of the above cited treatments are inappropriate and 
causes autotomy and/or death. As an alternative, 
we propose the use of nanoencapsulated EOs and 
isolated compounds, as TTO nanoencapsulated 
and terpinen-4-ol. We recommend the use of 20 
and 40 µL of terpinen-4-ol and nanoencapsulated 
TTO, respectively, for short duration anesthesia of 
N. granulata. In summary, TTO nanoencapsulated 
and terpinen-4-ol can be considered effective as 
anesthetic to N. granulata for use to reduce or 
avoid stress during manipulation. In addition, 
future studies must be conducted to evaluate the 
effects of isolated compounds on the physiology of 
N. granulata.
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