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ABSTRACT: The aim of this study was to compare the effect of four anaesthetics on haematological and 
biochemical blood profiles in burbot Lota lota L. Blood profiles of burbot were evaluated 10 min and 24 h 
after anaesthesia with tricaine methanesulfonate (MS 222) (100 mg/l), clove oil (33 mg/l), 2-phenoxyethanol 
(0.3 ml/l), Propiscin (1 ml/l) and compared to non-anaesthetized control. The tested anaesthetics had no effect 
on haematological profile of burbot. The exposure to clove oil, 2-phenoxyethanol, and Propiscin significantly 
(P < 0.01) influenced the level of ammonia and glucose. The level of lactate was significantly (P < 0.01) increased 
following anaesthesia with 2-phenoxyethanol and Propiscin. The levels of total protein, aspartate aminotrans-
ferase, and calcium were higher (P < 0.01) with clove oil, 2-phenoxyethanol, and Propiscin compared to control. 
The use of MS 222 showed the lowest effect on haematological and biochemical blood profile and is recom-
mended as a suitable anaesthetic for burbot.
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INTRODUCTION

Aquaculture practices are associated with high 
risk to the welfare of fishes, making them vulnerable 
to adverse impacts of disease and environmental 
conditions (Ferreira et al. 2015). Common proce-
dures in intensive aquaculture such as handling 
(especially in the case of spawners), sorting, tag-
ging, artificial reproduction, and surgery are fre-
quent stressors, which may evoke stress-induced 
problems such as reduction in feeding and immune 
function (Ross and Ross 2008). Currently, a variety 
of anaesthetics are available to minimize negative 
effects of stressful situations during culture events. 
Furthermore, anaesthetizing fish is required by 
Institutional Animal Care and Use Committees.

Currently, there is an interest in identifying 
new fishes that are suitable for aquaculture and 
burbot Lota lota L. should be considered as a 
good candidate (Palinska-Zarska 2014). Although 
there have been no studies on physiological ef-
fects of anaesthetics on burbot, several options 
can be considered. Among the fish anaesthetics, 
only tricaine methanesulponate (MS 222) has 
been approved for use on food fish in the USA 
and the UK; it is efficacious and has no reported 
side effects (Mercy et al. 2013). Another effec-
tive fish anaesthetic is clove oil. While clove oil 
is recommended as a very suitable, economically 
advantageous, and easily accessible anaesthetic 
for fish, and it is used in food products, it has 
not been approved for use on food fish. It has a 
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high efficacy in small doses, non-specific toxicity, 
and low price. These are the primary reasons for 
its adoption in aquaculture and aquatic research 
(Cho and Heath 2000). The drug 2-phenoxyethanol 
(ethylene glycol monophenyl ether) is a colour-
less liquid preparation which is readily soluble in 
water. It is widely used in aquaculture, because of 
its low cost, fast effect and recovery time (Mylonas 
et al. 2005). Propiscin (etomidate) was developed 
in Poland and it is commonly used there to im-
mobilize fish; while it is highly effective, quickly 
achieving anaesthesia, it has not been approved 
for food fish (Ross and Ross 2008).

Although anaesthetic drugs can prevent stress, 
fish are not free of physiological side-effects. 
Changes in the blood chemistry can be useful 
in monitoring well-being of aquatic animals. To 
determine and assess these changes and possi-
ble side-effects of anaesthetics, haematological, 
biochemical blood profile, and oxidative stress 
examinations are necessary (Velisek et al. 2006, 
2007, 2009, 2011).  

The aim of this study was to compare the effects 
of MS 222, clove oil, 2-phenoxyethanol, and Prop-
iscin after exposure to anaesthetics on the basis of 
changes in haematological and biochemical blood 
profile in burbot.

MATERIAL AND METHODS

Anaesthetics. The MS 222 was obtained from 
Sigma-Aldrich Chemicals (St. Louis, USA). Clove 
oil (eugenol, concentration 76%) is marketed by 
the Kulich Company (Jan Kulich, Hradec Králové/
Říčany, Czech Republic). The preparation 2-phe-
noxyethanol was obtaianed from Merck Schuchardt 
OHG (Hohenbrunn, Germany). Propiscin was 
supplied by the Division of Fish Pathology and 
Immunology at Zabieniec (Institute of Inland 
Fisheries in Olsztyn, Poland).

Experimental procedure .  Juvenile burbot 
(n = 63) with the mean length of 245 ± 52 mm 
(mean ± SD) and mean weight 110 ± 23 g were 
used for the experiment. The fish had been held 
in the recirculating aquaculture system (RAS) of 
the Faculty of Fisheries and Protection of Waters, 
University of South Bohemia in České Budějovice. 
Water temperature was 15 ± 1°C and constant 
light regime of 12 h light and 12 h darkness was 
maintained for 5 months before and during the 
experiment. The methodical procedure followed 

Velisek et al. (2009, 2011). Nine groups of seven 
fish were compared in this study:
(1) Control group – non-anaesthetized, blood sam-

pled prior to treating the anaesthetized groups.
(2) Four groups (four anaesthetics) – blood was 

sampled immediately after a 10-min exposure 
and designated as: MS 222 (10 min) (100 mg/l), 
clove oil (10 min) (33 mg/l), 2-phenoxyetha-
nol (10 min) (0.3 ml/l), and Propiscin (10 min) 
(1 ml/l). The 10 min exposure time was deter-
mined according to preliminary test, when all 
the tested fish reached the third phase of anaes-
thesia between 7 to 10 min of exposure in the 
mentioned anaesthetics. 

(3) Four groups (four anaesthetics) – blood was 
sampled 24 h after the 10-min anaesthesia 
treatment and designated as: MS 222 (24 h), 
clove oil (24 h), 2-phenoxyethanol (24 h), and 
Propiscin (24 h).

Blood sampling, haematological and biochemi-
cal measurement. Blood was drawn from the 
vena caudalis using an 18 G × 1½'' syringe which 
contained heparin as an anticoagulant (Heparin 
Léčiva inj. sol.; Zentiva, Prague, Czech Republic) 
at a concentration of 5000 I.U. heparin sodium salt 
in 1 ml. The indices used to evaluate haematologi-
cal profile followed Svobodova et al. (2012); these 
included an erythrocyte count (RBC), haemato-
crit (PCV), haemoglobin (Hb), mean corpuscular 
volume (MCV), mean corpuscular haemoglobin 
(MCH), mean corpuscular haemoglobin concen-
tration (MCHC), and leukocyte count (Leuko).

Blood was centrifuged (separated) in a cooled 
centrifuge (4°C, 837 g). The plasma was stored at 
−80°C until analysis on a VETTEST 8008 analyzer 
(IDEXX Laboratories Inc., Westbrook, USA) and 
biochemical indices were assayed using the method 
of Kolarova and Velisek (2012). Biochemical indi-
ces determined in this study were glucose (GLU), 
total protein (TP), albumin (ALB), total globulins 
(GLOB), ammonia (NH3), calcium (Ca2+), magne-
sium (Mg), inorganic phosphate (PHOS), triacylg-
lycerols (TAG), aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), lactate (LACT), 
lactate dehydrogenase (LDH), creatine kinase (CK), 
alkaline phosphatase (ALP), creatine (CREA), and 
amylase (AMYL).

Statistical analysis. Statistical analysis was car-
ried out using STATISTICA 10 for MS Windows. 
Data were first tested for normality (Kolmogorov-
Smirnov test) and homoscedasticity of variance 
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(Bartlett’s test). If those conditions were satisfied, 
one-way analysis of variance (ANOVA) was em-
ployed to reveal significant differences in measured 
variables among control and experimental groups. 
When a difference was detected (P < 0.05), Tukey’s 
multiple comparison test was applied to identify 
which treatments were significantly different. If 
the conditions for ANOVA were not satisfied, 
the non-parametric Kruskal-Wallis test was used. 

RESULTS

Haematological profile. The effects of MS 222, 
clove oil, 2-phenoxyethanol, and Propiscin on haema-
tological indices of blood plasma in burbot are shown 
in Table 1. The 10-min exposure in the anaesthetics 
had no effect on the haematological profile of burbot. 

Biochemical plasma profile. The biochemical 
plasma profiles of anaesthetized and control group 
are given in Table 2. The level of GLU was signifi-
cantly (P < 0.01) higher immediately after anaes-
thesia (10 min) with clove oil, 2-phenoxyethanol, 
and Propiscin compared to controls. GLU returned 
to the pre-treatment physiological level within 
24 h (Figure 1). Fish treated with clove oil (10 min 
and 24 h), 2-phenoxyethanol (24 h), and Propiscin 
(10 min) had significantly (P < 0.01) higher lev-
els of TP compared with the control group. The 
levels of ALB increased significantly (P < 0.01) in 
MS 222 (10 min) and clove oil (10 min and 24 h) 
anaesthesia compared to the control group. The 
concentration of NH3 was significantly (P < 0.01) 
greater immediately after anaesthesia (10 min) 
with clove oil, 2-phenoxyethanol, and Propiscin 
compared with controls. NH3 level returned to 
physiological levels within 24 h in all fish in the 
anaesthetic tested groups (Figure 2). The activity 
of AST showed a significant increase (P < 0.01) in 
the MS 222 (24 h) and clove oil (10 min) anaes-
thesia compared to the control group.

The clove oil (24 h) treatment showed signifi-
cantly lower (P < 0.01) CK activity compared with 
the control group. The concentration of Ca2+ was 
significantly (P < 0.01) greater 24 h after anaesthe-
sia (24 h) with clove oil, 2-phenoxyethanol, and 
Propiscin compared with controls.

The levels of LACT were significantly increased 
(P < 0.01) with 2-phenoxyethanol (10 min) com-
pared with the control group. The levels of AMYL 
were significantly increased (P < 0.01) with MS 222 
(10 min) compared with the control group. Ta
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Figure 2. Effect of MS 222, clove oil, 2-phenoxyethanol, 
and Propiscin anaesthesia on ammonia level in burbot

all values are means ± SD, n = 7
different superscripts indicate significant differences (P < 
0.01) between groups

The values for GLOB, TAG, ALT, LDH, Mg, PHOS, 
ALP, and CREA were similar among all groups.

DISCUSSION

The anaesthetics tested in this study are com-
posed of different chemical substances and have 
different physiological effects. Different fish species 
may have widely disparate responses, so screening 
is a requisite to their use. 

Both haematological and biochemical indices are 
valid and often used to measure fish health status 
and can provide information about internal envi-
ronment of the organism (Velisek et al. 2005a, b, 
2006, 2007, 2009, 2011). There have been no other 
studies on biochemical and haematological profiles 
in burbot anaesthetized with MS 222, clove oil, 
2-phenoxyethanol or Propiscin.

The haematological characteristics can pro-
vide useful information on the physiological and 
pathological changes in fishes. However, these 
changes can vary depending on the species, age, 
sexual maturity, and health condition (Fazio et 
al. 2015). In this study, no significant differences 
in the haematological profile of burbot with an-
aesthesia (MS 222, clove oil, 2-phenoxyethanol 
and Propiscin) in comparison with control group 
were observed. These results also concur with 
the results of Velisek et al. (2005a, b, 2006) and 
Lepic et al. (2014) who also observed no changes 

in haematological profile after the use of anaes-
thetics in rainbow trout (Oncorhynchus mykiss), 
common carp (Cyprinus carpio L.), European 
catfish (Silurus glanis), and vimba bream (Vimba 
vimba). On the other hand, present results dif-
fer from findings of some other studies. Velisek 
et al. (2007) observed increase of MCV, MCHC 
and decrease of Leuko in European catfish with 
2-phenoxyethanol. Changes as the swelling and 
destruction of erythrocytes, anaemia, and lym-
phopaenia after exposure in anaesthetics were 
also obtained by Gomulka et al. (2015) in Russian 
sturgeon (Acipenser gueldenstaedtii). 

The values of biochemical blood plasma in-
dices were observed after exposure in different 
anaesthetics. While NH3 is a normal by-product 
of protein metabolism, elevated levels in blood 
can indicate some disturbances in NH3 removal 
mechanism (Svoboda 2001). The 10-min treatment 
with clove oil, 2-phenoxyethanol, and Propiscin 
affected the concentration of NH3. The NH3 levels 
returned to normal after 24 h. A decrease in NH3 
concentration after 24 h seems to be a result of a 
decreased metabolic rate (Gomulka et al. 2008). 
The same tendency was observed in GLU. Elevated 
levels of NH3 and GLU were also observed after 
exposure in 2-phenoxyethanol and Propiscin in 
vimba bream (Lepic et al. 2014), and elevated 
levels of NH3 and GLU were reported in rainbow 
trout after anaesthesia with clove oil (Velisek et 
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al. 2011). On the other hand, we observed changes 
neither in GLU nor NH3 levels after treatment with 
MS 222. Gomulka et al. (2008) described the same 
results in Siberian sturgeon and Lepic et al. (2014) 
in vimba bream. Physiological stress results in an 
increase in cortisol levels in fishes which stimulates 
both glycogenesis and gluconeogenesis, as well as 
an increase in protein catabolism and thus NH3 
production (Mommsen et al. 1999).

Physiological stress can result in increased activ-
ity which is reflected in plasma LACT particularly 
if oxygen availability is diminished (Thomas et al. 
1999). In the present study, the elevated level of 
LACT after exposure in 2-phenoxyethanol and 
Propiscin could be caused by active swimming 
in anaesthesia bath or by limited respiratory 
movement (limiting and cessation of opercular 
movements). Burst swimming and limited oper-
culation are typical initial signs of the first and 
third anaesthesia phases (Yoshikawa et al. 1988). 
In teleosts, high-speed (“burst”) swimming re-
sults in an oxygen debt and therefore, LACT is 
produced in anaerobic metabolism; this would 
be detected after exposure to some anaesthesia 
products. 

Plasma enzymes (LDH, CK) and the transami-
nases (ALT, AST) are indicative of stress and can 
be used as indices (Ishikawa et al. 2007). They 
also may give specific information about organ 
dysfunction (Wagner and Congleton 2004). Only 
significantly elevated AST was detected compared 
to control; therefore, we did not consider higher 
disruption of amino acid metabolism. Higher level 
of ATS would indicate a greater energy demand 
which is normally associated with synthesizing 
activities of the cell (Meister 1955).

Slight increases in Ca2+ level after exposure in 
MS 222 were reported by Congleton (2006) and 
Soivio et al. (1977), but not significantly different from 
the control group. Most of studies on the effects of 
anaesthesia in fish have described no effects on Ca2+ 

levels (Velisek et al. 2005a, b, 2009, 2011; Lepic et al. 
2014). To our knowledge there are limited relevant 
data on Ca metabolism in fish following anaesthesia, 
but an increase in Ca2+ levels can be attributed to 
acute respiratory acidosis (Ghosh and Joshi 2008).

An increased level of TP in clove oil, 2-phe-
noxyethanol, and Propiscin would be an indica-
tor of many different impacts of anaesthetics on 
metabolism. ALB represents the largest protein 
component of blood serum and its increase is 

often caused by dehydration (relative reduction 
of water in blood serum) (Gammopathies 2005).

The present study was the first to describe haema-
tological and biochemical blood profile in burbot. 
We suggest that blood profiles of burbot were very 
slightly altered by MS 222, but changed more by 
clove oil, 2-phenoxyethanol, and Propiscin. Fur-
thermore, because clove oil, 2-phenoxyethanol, 
and Propiscin are not approved for use on food 
fish, we do not advocate their use even on non-food 
fish, until standards for Maximum Residue Limits 
(MRL) (Council Regulation (EEC) No. 2377/90) 
are set and proper licensing is acquired. On the 
basis of our study, it seems that MS 222 is the most 
suitable anaesthetic for burbot.
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