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Abstract OBJECTIVES: Anaesthetics are used in aquaculture to prevent stress and mechani-
cal damage to fish during handling or the treatment of fish in breeding, blood 
sampling and other veterinary interventions. Clove oil and 2-phenoxyethanol are 
used in the Czech Republic in a water bath for the short-term immobilization of 
the fish. 
DESIGN: Acute toxicity tests were performed on aquarium fish Danio rerio, which 
is considered to be one of the model organisms most commonly used in toxicity 
testing. The semi-static method according to OECD No. 203 (Fish acute toxicity 
test) was used for testing juvenile fish. Embryo toxicity tests were performed in 
zebrafish embryos (D. rerio) in compliance with the OECD No. 212 methodology 
(Fish, short-term toxicity test on embryo and sac-fry stages). The results obtained 
(the number of dead individuals at particular test concentrations) were subjected 
to a probit analysis using the EKO-TOX 5.2 programme in order to determine 
LC50 clove oil and 2-phenoxyethanol values. The statistical significance of the 
difference between LC50 values in juvenile and embryonic stages of D. rerio was 
tested using the Mann-Whitney non-parametric test implemented in the Unistat 
5.1 programme.
RESULTS: The LC50 clove oil mean value was 18.8 ± 5.52 mg.L–1 in juvenile 
D. rerio, and 15.64 ± 3.30 mg.L–1 in embryonic stages of D. rerio. The LC50 2-phe-
noxyethanol mean value was 338.22 ± 15.22 mg.L–1 in juvenile D. rerio, whereas in 
embryonic stages of D. rerio it was 486.35 ± 25.53 mg.L–1. 
CONCLUSIONS: The study proved statistically significantly higher (p<0.01) sen-
sitivity in juvenile fish to 2-phenoxyethanol compared to the embryonic stages. 
Acute toxicity values of clove oil for juvenile and embryonic stages were compa-
rable.
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INTRODUCTION
Anaesthetics are commonly used in aquaculture to 
reduce handling stress and mechanical damage that 
fish may suffer during manipulation, breeding or vet-
erinary interventions. Anaesthetics are administered in 
cases of the artificial propagation of fish, the injection 
of medicinal drugs and hormonal preparations, blood 
sampling, measuring, the weighing and tagging of fish, 
photographing and in the long-distance transport of 
especially aquarium fish (Ross & Ross, 1999; Svoboda 
& Kolarova, 1999; Svobodova et. al. 2007). The com-
mon aquarium fish Danio rerio was used in our acute 
toxicity tests. Zebrafish (D. rerio) is a popular aquarium 
fish, and is a species that is most commonly used in 
toxicity testing (Grush, 2004; Mikula 2006).

The use of anaesthesia helps to decrease stress-
induced complications, e.g. reduced food intake and 
the decrease in immune functions of the fish (Ross & 
Ross, 1999). Effects of stress induced by fish manipula-
tion and anaesthesia may even affect certain haemato-
logical and biochemical blood parameters. The effects 
of anaesthetics on these parameters have been studied 
by a number of authors (Velisek et al. 2005a; 2005b; 
2006; 2007; Velisek & Svobodova, 2004a; 2004b).

Fish sedation is most frequently carried out in an 
anaesthesia bath (Svobodova et al. 2007). Guilderhus 
& Marking (1987) define three criteria that anaesthet-
ics which are used in fish rearing must meet. They 
must be efficient, safe and inexpensive. The most com-
monly used fish anaesthetics include clove oil and 
2-phenoxyethanol (Svoboda & Kolarova, 1999). The 
resulting effect of the anaesthesia bath depends on a 
number of factors including anaesthetic concentration, 
water temperature, and the size and species of the fish 
(Hamackova et al. 2004; Myszkowski et al. 2003; Soto & 
Burhanuddin, 1995; Weyl et al. 1996).

2-phenoxyethanol (ethylene glycol monophe-
nyl ether) is used for short-term immobilization of 
fish at a generally recommended concentration of 
0.30–0.40 ml.L–1 (Barton & Helfrich, 1981; Hamack-
ova et al., 2001; Svoboda & Kolarova, 1999; Svobo-
dova et al. 2007). The advantages of phenoxyethanol 
include the quick induction of anaesthesia, the rapid 
recovery of the fish once they are transferred to clean 
water, the ease of preparation and low cost (Weyl et al. 
1996). At the recommended concentration, anaesthe-
sia is induced within 5 to 10 minutes. The anaesthesia 
subsides and physiological reflexes are restored within 
10 minutes after the fish are transferred to clean water 
(Hamackova et al. 2001; Svoboda & Kolarova, 1999; 
Svobodova et al. 2007). Anaesthetics are taken up by the 
fish through a concentration gradient at the gill surface, 
and enter the arterial circulation until a balance with 
the outside environment is reached. This concentration 
gradient is also responsible for the drain of the anaes-
thetic when the fish are transferred to clean water (Ross 
& Ross, 1999). The recovery time is therefore affected 

by the concentration of the anaesthetic, but unaffected 
by the length of anaesthesia. This indicates that 2-phe-
noxyethanol can be used over a longer period of time 
without any adverse effects on the degree of recovery 
(Weyl et al. 1996). When 2-phenoxyethanol is being 
administered, it is necessary to observe the rules for its 
safe use because 2-phenoxyethanol in poorly ventilated 
rooms may cause fatigue, drowsiness, and irritation of 
the skin and eyes of the persons handling it (Svoboda & 
Kolarova, 1999; Svobodova et al. 2007).

Clove oil is a dark-brown liquid of natural origin, 
obtained by the distillation of Eugenia aromatica and 
Eugenia caryophylatta plants (Soto & Burhanuddin, 
1995; Svobodova et al. 2007). It contains a number of 
terpene compounds that are responsible for its charac-
teristic smell and taste (Ross & Ross, 1999). Clove oil’s 
active substance is eugenol (4-allyl-methoxyphenol), 
which makes up about 80–90% of clove oil (Keene et 
al. 1998). The natural origin of this anaesthetic is has 
proven to be a disadvantage, because it is not possi-
ble to accurately define the composition of individual 
clove oil batches (Svobodova et al. 2007). In the Czech 
Republic, clove oil is used for the short-term immo-
bilization of fish at a recommended concentration of 
30–40 mg.L–1 (Hamackova et al. 2001; Svobodova et 
al. 2007). At this concentration, anaesthesia is induced 
within 5–10 min, and the period of recovery is some-
what longer than in the case of other anaesthetics (Svo-
bodova et al. 2007). The use of clove oil as a potent 
anaesthetic agent for D. rerio was reported by Grush 
et al. (2004). 

The advantages of clove oil are its low price, the 
potentially little or no side effects for fish and for the 
safety of the staff administering it (Keene et al. 1998; 
Soto & Burhanuddin, 1995).

The aim of the present study was to compare the 
acute toxicity of clove oil and of 2-phenoxyethanol, 
and to compare the toxicity of the two anaesthetics 
to embryonic and juvenile stages of zebrafish (Danio 
rerio).

MATERIAL AND METHODS
Acute toxicity tests were preformed on juvenile stages 
of the aquarium fish Danio rerio in accordance with 
OECD 203 guidelines (Fish Acute Toxicity Test). The 
experimental fish were 2–3 months old, weighed 
0.3 ± 0.1 g, and their total length was 30 ± 5 mm. In the 
experiment, each anaesthetic was tested in five different 
concentrations consisting of an approximate geometric 
progression. Two series of 5 tests each were conducted, 
one series with clove oil and the other with 2-phenoxy-
ethanol. The tests were made using a semi-static method 
with solution replacement after 48 hours. During the 
tests, records of the temperature, pH, the concentration 
of oxygen dissolved in test tanks and fish mortality rate 
were noted. Ten fish picked randomly from the spare 
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stock were placed in each tank. Then 96-hour-long 
acute toxicity tests were conducted.

The temperature of the experimental bath was 
24 ± 1 °C, the dissolved oxygen concentrations did not 
fall below 60% (80–94%), and the pH was between 7.89 
and 8.62. No fish died in the control tanks during the 
experiments.

Embryonic toxicity tests were performed on embryos 
of D. rerio. The tests were made according to OECD 
guideline 212 (Fish, short-term toxicity test on embryo 
and sac-fry stages). Two series of 5 tests each were con-

ducted, one series with clove oil and the other with 
2-phenoxyethanol. A series of 5 ascending concen-
trations of the tested substance was used in the tests. 
Twenty fertilized eggs in a Petri dish were tested at each 
concentration and in one control. The eggs were placed 
in Petri dishes within 8 hours at the latest after fertiliza-
tion. The tests were terminated after hatching and the 
absorption of the yolk sack in all individuals in the con-
trol dish (144–168 h after placement onto the dish). The 
bath was replaced at 24 h intervals. During the tests, 
the numbers of dead embryos in individual concentra-
tions were recorded. The mortality rate of the control 
embryos did not exceed 20%. Test bath temperatures 
were between 24.5 and 25.5 °C.

The basic physical and chemical parameters of dilut-
ing water used in toxicity tests on embryonic and juve-
nile stages were: ANC4.5 3.6–3.7 mmol.L–1; CODMn 
1.4–1.9 mg.L–1; total ammonia below the limit of deter-
mination; NO3– 24.5–31.4 mg.L–1; NO2– below the limit 
of determination; Cl– 18.9–19.1 mg.L–1; Σ Ca ± Mg 
14 mg.L–1.

The probit analysis (EKO-TOX 5.2 software) was 
applied to the results obtained (the number of fish dying 
at individual test concentrations) and the LC50 values 
for clove oil and 2-phenoxyethanol were calculated. 
The statistical significance of the difference between 
LC50 values for the juvenile and the embryonic stages 
of D. rerio was calculated using the non-parametric 
Mann-Whitney test and the Unistat 5.1 software.

RESULTS AND DISCUSSION
Because anaesthetics are routinely used in aquacultures, 
it is necessary to test the toxicity of the anaesthetics to 
determine the suitable treatment concentrations of 
anaesthetic baths. 

In our tests, we monitored the toxic effects of two 
anaesthetics most frequently used for the sedation of the 
embryonic and the juvenile life stages of the aquarium 
fish D. rerio. The first anaesthetic tested was 2-phenoxy-
ethanol. The LC50 of 2-phenoxyethanol for the embry-
onic life stage of zebrafish and expressed as the 144h 
LC50 was calculated to be in the 461.52–521.55 mg.L–1 
range (mean 144hLC50 = 486.35 ± 25.53 mg.L–1). The 
LC50 for the juvenile life stage expressed as a 96h LC50 
was calculated to be in the 312.10–349.02 mg.L–1 range 
(mean 96hLC50 = 338.22 ± 15.22 mg.L–1) (Figure 1). 

In the study on sheatfish (Silurus glanis L.), Velisek et 
al. (2007) reported a comparable LC50 value of 2-phe-
noxyethanol that was also found in our study on the 
juvenile stage of D. rerio. The acute toxicity as expressed 
by the 96hLC50 value was 0.29 ml.L–1 (321 mg.L–1). A 
higher sensitivity to 2-phenoxyethanol compared with 
D. rerio was found in the case of a 6-month old rain-
bow trout (Oncorhynchus mykiss). The 96hLC50 for 
the rainbow trout was calculated at 0.25 ml.L–1 (277 
mg.L–1) (Velisek & Svobodova, 2004b). Velisek & Svo-
bodova (2004a) studied carp fry (Cyprinus carpio L) 

Figure 1. 96hLC50 and 144hLC50 2-phenoxyethanol values in 
juvenile and embryonic development stages of D. rerio

Figure 2. 96hLC50 and 144hLC50 clove oil values in juvenile and 
embryonic development stages of D. rerio

Figure 3. Comparison of the mean values of LC50 2-phenoxyethanol 
and clove oil for the embryonic and juvenile stages of D. rerio
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sensitivity to the acute toxicity of 2-phenoxyethanol. 
The reported 96hLC50 value 0.17 ml.L–1 (188 mg.L–
1) is lower than that found in toxicity tests of the two 
life stages of D. rerio, which indicates that sensitivity 
to anaesthetics is species-dependent. Interspecies dif-
ferences in anaesthetic tolerance are attributed to dif-
ferences in metabolisms of individual fish species. 
Differences in 96hLC50 values calculated may also be 
due to differences in external environment conditions 
under which the acute toxicity tests were made. One of 
the most important parameters of the external environ-
ment that affect 2-phenoxyethanol toxicity was water 
temperature: the higher the temperature, the higher the 
efficacy of the anaesthetic (Hamackova et al. 2001; Svo-
bodova et al. 2007; Weyl et al. 1996). Weyl et al. (1996) 
also reported an increased tolerance of fish to 2-phe-
noxyethanol when anaesthetics were used repeatedly. 

The acute toxicity of clove oil on the embryonic life 
stage of zebrafish expressed as a 168hLC50 in our tests 
was calculated at 11.4–18.7 mg.L–1 (mean 168hLC50 
= 15.64 ± 3.30 mg.L–1), and at 12.1–26.2 mg.L–1 (mean 
96hLC50 = 18.18 ± 5.52 mg.L–1) for the juvenile life 
stage of zebrafish (Figure 2). A higher value of 96h 
LC50 for a one-month old D. rerio were reported by 
Grush et al. (2004) (96h LC50 for eugenol = 21 mg.L–1). 
The acute toxicity of clove oil comparable to our results 
were reported by Velisek et al. (2005b) for the common 
carp (Cyprinus carpio) (96hLC50 = 18.10 mg.L–1), by 
Velisek et al. (2006) for the European catfish (Silurus 
glanis) (96hLC50 = 18.40 mg.L–1) and by Velisek et al. 
(2005a) for the rainbow trout (Oncorhynchus mykiss) 
(96hLC50 = 14.1 mg.L–1). A lower LC50 for the rainbow 
trout was found by Keene et al. (1998). They estimated 
the acute toxicity of eugenol (as the active ingredient 
of clove oil) expressed as 8–96h LC50 at 9 mg.L–1. We 
may, however, consider that value is also comparable 
with the 96hLC50 values ascertained in toxicity tests on 
D. rerio, and particularly the tests on its embryonic life 
stage. The same relationship between water tempera-
ture, anaesthetic concentration and the course of anaes-
thesia (the higher the water temperature, the faster the 
onset of anaesthesia) as described for 2-phenoxyetha-
nol were also reported for clove oil (Hamackova et al. 
2004, Walsh & Pease, 2002). The anaesthetic response 
to clove oil may also be influenced by biological fac-
tors such as stress, individual fitness and skin thickness 
(Walsh & Pease, 2002).

Another important factor influencing the sensitiv-
ity of fish to anaesthetics is their age and size (Guilder-
hus & Marking, 1987; Oikawa et al. 1994). Younger fish 
are generally assumed to be more sensitive to chemical 
substance toxicity. Barton & Helfrich (1981) reported 
a higher sensitivity of young fish to 2-phenoxyethanol, 
and they recommended that lower anaesthetic concen-
trations be used when young fish are being anaesthe-
tized. Velisek & Svobodova (2004a), who studied the 
acute toxicity of 2-phenoxyethanol in the common 
carp (Cyprinus carpio), reached the same conclusions. 

They found that the recommended concentration of 
0.30 ml.L–1 is not completely safe for carp fry and two-
year old carp, but in view of the differences between 
the sensitivity of different age groups, they consider 
that particular concentration to be safe for broodstock 
carp. A comparison between the results of toxicity tests 
of 2-phenoxyethanol in the embryonic and juvenile life 
stages of D. rerio, revealed a statistically significantly 
higher sensitivity (p<0.01) in the juvenile life stage com-
pared to the embryonic stage (Figure 3). One reason for 
this difference could be the embryonic stages’, uptake 
and metabolism of the anaesthetic compared with the 
juvenile and adult life stages of fish. Myszkowski et 
al. (2003), who compared 2-phenoxyethanol efficacy 
on the tench (Tinca tinca) from different age groups, 
reported a decrease in safe concentrations in relation to 
the increased age of the fish. Weyl et al. (1996) found no 
dependence between the induction time of phenoxy-
ethanol and the size of the fish Carassius auratus. 

After these series of acute toxicity tests with clove 
oil were conducted, the sensitivity of the two life stages 
of D. rerio to that compound was compared. The eval-
uation of the results confirmed that the sensitivity of 
the two life stages to the toxicity of the compound test 
was comparable (Figure 3). The comparable sensitiv-
ity of the life stages of the longfinned eel (Anguilla 
reinhardtii) to clove oil was also reported by (Walsh & 
Pease, 2002). A comparison between the results of our 
clove oil toxicity tests on juvenile two to three-month-
old fish D. rerio and results obtained on one-month-old 
D. rerio (Grush et al. 2004) showed a higher sensitivity 
in the two to three-month-old fish. 
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