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The aim of this work was to determine the impact of etomidate (Propiscin)
dose (1 and 2 ml 1"") and exposure time (2 and 10 min) on the biochemical and
haematological parameters of juvenile pikeperch (Sander lucioperca) [mean body
length (L¢) 25.9 cm; body weight (W) 189.9 g] that were reared in a recirculating
aquaculture system (RAS). Significant changes in the mean values of total pro-
tein, globulin, calcium, magnesium, and ammonia were noted in all groups imme-
diately following exposure. The greatest changes in the haematological indicators
were observed in groups subjected to 10-min exposure at both doses of the anaes-
thetic. The specimens from these groups had higher values for white blood cells
(WBC), red blood cells (RBC), haemoglobin (HGB), haematocrit (HCT), and
mean corpuscular volume (MCV). Statistically significant differences in these
same parameters were also noted in the groups of fish exposed to the anaesthetic
for 2 min at a dose of 2 ml "', but they were not as pronounced. Twenty-four h
following exposure to etomidate, all blood parameters in the experimental groups
were comparable to those of the control group. Etomidate can be recommended as
a safe, effective anaesthetic for pikeperch.

Key words: Anaesthesia, biochemical blood indicators, etomidate, haema-
tology, pikeperch

The application of anaesthetics is essential and quite common in aquaculture
(Husen and Sharma, 2014). Once the fish are anaesthetised, their bodies relax,
and stress caused by stimuli from the external environment is limited. Addition-
ally, anaesthesia permits shortening the time required for manipulations and
minimises their negative impacts such as mechanical injury or mortality follow-
ing manipulation. In aquaculture, anaesthetics are used during transport, sorting,
tagging, periodic reviews, monitoring breeding, and many other manipulations
(Mundey and Wilson, 1997; Ross and Ross, 1999; Velisek et al., 2011; Kristan et
al., 2012).
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The use of chemical anaesthetics in aquaculture is strictly controlled pri-
marily to ensure their safe and effective application (Taylor and Roberts, 1999).
Anaesthetics used in rearing pikeperch (Sander lucioperca) include etomidate
(Propiscin), clove oil, and MS-222 (Kristan et al., 2014). Propiscin is an anaes-
thetic that was developed at the Inland Fisheries Institute in Olsztyn, Poland (IFI
Olsztyn). It contains a 0.2% stabilised solution of etomidate (Kazun and Siwicki,
2012). Etomidate quickly induces general anaesthesia in fish with a subsequent
short recovery period. Since this anaesthetic does not have a significant impact
on fish physiology, it is viewed as a substance of low toxicity and insignificant
side effects (Kazun and Siwicki, 2012). Etomidate is used fairly widely to induce
general anaesthesia in fish in experimental aquaculture (Hajek and Ktyszejko,
2004). It is often used in research work focusing on the controlled reproduction
and rearing of pikeperch in recirculating aquaculture systems (RAS) (Zakgs et
al., 2013). The recommended dose for pikeperch is 1-2 ml I"" water (Szkudlarek
and Zakes, 1996; Zakes et al., 2013). However, current knowledge on the impact
of Propiscin on the haematological and biochemical parameters of pikeperch
reared in RAS (health status and/or wellbeing) is incomplete. Additionally, it is
not known if this anaesthetic is fully physiologically safe for this species.

Etomidate minimises the negative impacts of manipulation (mechanical
injury and stress) on fish, but it can cause certain changes in haematological and
blood biochemical parameters (Lepic et al., 2014). Determining the impact of
exposure time and dose on pikeperch haematological and blood biochemical pa-
rameters was justified in the light of its application in pikeperch reproduction and
rearing in RAS.

Materials and methods

The study material was obtained from out-of-season pikeperch reproduc-
tion and rearing larval and juvenile stages in RAS. In the current study, an ex-
perimental RAS prototype was used that included 200-1 rearing tanks and a bio-
logical filter filled with RK BioElements (RK Plast, Denmark) (Z. Zakes, unpub-
lished data). During the rearing of the juvenile stages [body weight (W) > 100 g],
the water parameters in the RAS were maintained as follows: temperature 21.7 °C
(range 20.7-22.6 °C); pH 8.24 (range 8.22-8.26); oxygen concentration at rear-
ing tank outflows 7.1 mg O, "' (range 7.0-7.2 mg O, I'"); concentrations of total
ammonia nitrogen (TAN = NH,"-N + NH;-N) and nitrite (NO,) at the outflows
0.034 mg TAN 1" and 0.002 mg NO, 1"'. The fish were fed granulated feed
(2.5 mm) continually for 19 h d”' (09:00-04:00) with an E-1P Stella (Skretting,
Norway) automated band feeder. The feed composition was 47.0% protein,
14.0% lipids, and 21.0% carbohydrates.

The fish were not fed for 24 h prior to the experiment. Fish with a mean
body length (Lc) of 25.9 cm and body weight (W) of 189.89 g were divided into
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eight experimental groups and one control group. Each group comprised seven
specimens (n = 7) (Table 1). The specimens were placed in plastic containers
with a volume of 80 1, each filled with water from the RAS at the intakes to the
rearing tanks in which the fish were held. During the test, the water parameters
were as follows: temperature 21.3 °C; oxygen concentration 7.2 mg O, I''; water
pH 8.2; electrolytic conductivity 380 pS cm'; overall water hardness 170 mg
CaCO; 1I''. The fish were subjected to either short-term (2 min) or long-term
(10 min) anaesthesia at two different doses of Propiscin containing a 0.2% stabi-
lised solution of etomidate (IFI Olsztyn, Poland; Kazun and Siwicki, 2001) of 1
or 2 ml I'' (Table 1). Blood for haematological and biochemical analyses was
collected from the four experimental groups immediately after exposure to the
anaesthetic (0 h). Each fish was anaesthetised individually. After blood had been
drawn from one specimen, a subsequent specimen was removed from the rearing
tank, anaesthetised, and its blood was drawn (n = 7). However, after anaesthesia
the other four groups were moved to rearing tanks in the RAS (volume: 200 I,
stocking density: 6.64 kg fish m~, water flow rate: 4 | min™', water exchange: 1.2
exchanges h''; each group separately), and blood for haematological and bio-
chemical analyses was collected from them after 24 h. The control group com-
prised specimens from which blood was collected immediately after they had
been moved to the container without the addition of any anaesthetic. The meth-
odology of administering the anaesthetic and collecting blood samples was simi-
lar to that described in the works of Velisek et al. (2009), Velisek et al. (2011),

and Kristan et al. (2012).
Table 1

Experimental setup for the application of etomidate to pikeperch (n = 7)

Experimental groups
Specification Units Control P £roup
group 1 2 3 4 5 6 7 8
Concentration ~ ml 1™ 0 1 1 2 2 1 1 2 2
Exposure time min 0 2 10 2 10 2 10 2 10
Sampling h 0 0 0 0 0 24 24 24 24

Approximately 2 ml of blood was drawn directly from the caudal vein using
heparinised syringes. The haematological measurements of white blood cell counts
(WBC), red blood cell counts (RBC), haemoglobin (HGB), haematocrit (HCT),
mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), and
mean corpuscular haemoglobin concentration (MCHC) were performed with a
semi-automatic BC-2800 VET haematology analyzer (Mindray, China). After
centrifugation at 4000 rpm for 3 min (Fresco 17, Thermo Scientific, USA), the
content of the following was determined in the serum with a BS-120 automatic
biochemical analyser (Mindray, China): creatinine (CREA), total protein (TP),
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total bilirubin (BIL-T), alanine transaminase (ALT), alkaline phosphatase (ALP),
calcium (Ca®"), albumin (ALB), globulin (GLB), glucose (GLU), magnesium (Mg”"),
and ammonia (NHj3).

The results were analysed statistically with GraphPad Prism (Soft. Inc.,
USA). The normality of data distribution and homogeneity of variances were
tested using standard procedures. Means were compared with one-way analysis
of variance (ANOVA). When significant differences were found among individ-
ual experimental groups (P < 0.05), further statistical analysis was performed
with the Tukey test. All values are expressed in percentages, and prior to statisti-
cal analyses, they were converted using arcsin.

Results

Full general anaesthesia was induced in the fish from all the groups as was
indicated by, among other signs, the lack of defensive reflexes, a lack of eyeball
movement, and lateral recumbency. No mortality linked to the anaesthetic was
observed. After the fish were held in oxygenated water for 10—15 min, all speci-
mens were roused and regained full consciousness.

Creatinine levels were significantly higher in fish exposed for 10 min at
both doses of the anaesthetic (P < 0.05), but after 24 h, the values of this parame-
ter were comparable to those of the control group (P > 0.05; Table 2). Although
higher levels of total protein and globulin were found in all experimental groups
immediately following anaesthesia, after 24 h these levels were similar to those
of the control group. The 10-min exposure time to the anaesthetic at both doses
had a significant impact on increased glucose levels in the blood of pikeperch,
but these changes reverted to previous levels after 24 h. Similarly, levels of cal-
cium, magnesium and ammonia were substantially higher in the blood of the fish
immediately following anaesthesia as compared to the control group (P < 0.05;
Table 2).

The highest WBC count was observed in specimens that had been exposed
to the anaesthetic for 10 min at doses of 1 and 2 ml "' (P < 0.05; Table 3). How-
ever, after 24 h the WBC count returned to the initial value, i.e. to that of the
control group. Significantly higher values of RBC, HGB and HCT were noted at
both doses in specimens subjected to long-term etomidate exposure. The values
of these parameters in all groups reverted to levels comparable to those of the
control group after 24 h (P > 0.05).
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Discussion

Anaesthesia is essential during many procedures used in aquaculture, since
it permits performing manipulations efficiently and minimises injuries to fish.
Different fish species react differently to doses of and exposure times to anaes-
thetics, which is why it is important to determine the range of their impact on
fish (Topi¢ Popovi¢ et al., 2012). Haematological and blood biochemical values
are used very frequently in toxicology studies (Velisek et al., 2011). The doses of
Propiscin (1 and 2 ml I'") applied in this study are those recommended for pike-
perch, while the exposure times (2 and 10 min) are shorter than those permissible
and/or safe for this species at a water temperature of 22 °C, which is, at a con-
centration of 2 ml Propiscin 1", 15 min (Z. Zake$, unpublished data). The pike-
perch anaesthesia induced with Propiscin in the current study was identical to
that observed in previous studies (Szkudlarek and Zakes, 1996). In none of the
anaesthetic variants tested on pikeperch (W = 189.89 g) in this study were long-
term (= 24 h) changes noted in the values of blood biochemistry parameters. Al-
though the anaesthesia caused increased contents of protein, globulin, calcium,
magnesium, and ammonia in fish blood (during the 0—10 min period following
exposure), the values of these parameters noted after 24 h were significantly
lower and closer to the values demonstrated in the control group and to those de-
termined previously for this species reared in RAS (Siwicki et al., 2003). The
short-term, elevated values of total protein, globulin, calcium and magnesium
noted in all pikeperch groups immediately following exposure to etomidate could
indicate dehydration in the fish. Velisek et al. (2011) did not note elevated values
of these parameters in rainbow trout (Oncorhynchus mykiss) (1 ml I''; exposure
time 10 min), nor did Mourad (2000) in carp (Cyprinus carpio) after exposure to
an aqueous etomidate solution. These findings are most likely illustrations of
species particularities. It is also noteworthy that Kristan et al. (2012) did not note
changes in the following parameters in pikeperch exposed to etomidate
(Propiscin) (1.5 ml I'"; anaesthesia period 10 min): glucose, total protein, albu-
min, globulin, alanine transaminase, alkaline phosphatase, calcium, magnesium,
ammonia.

Glucose concentration increased considerably in pikeperch from both
groups exposed to the etomidate solution for 10 min. This was most likely
caused by the fish bodies releasing catecholamine (adrenalin, noradrenalin and
dopamine) as a result of metabolic stress (Velisek et al., 2009). Similar results
were reported for vimba bream (Vimba vimba) immediately after 10-min expo-
sure and 24 h later (Lepic et al., 2014), and for carp in which the level of this pa-
rameter increased significantly during anaesthesia, reaching maximum values 2 h
after exposure (Mourad, 2000). Velisek et al. (2009) observed substantial in-
creases in blood glucose levels of perch (Perca fluviatilis) exposed to MS-222,
clove oil, and 2-phenoxyethanol for 10 min. However, after exposure to etomi-
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date (Propiscin), they did not observe such high values of this parameter imme-
diately following anaesthesia or 24 h later.

Elevated concentrations of ammonia in the blood of pikeperch from all
groups immediately following exposure to etomidate could indicate increased
protein catabolism and disruption in ammonia excretion (Svoboda, 2001). Vel-
isek et al. (2009) did not observe changes in the level of this parameter when
perch were exposed to etomidate (Propiscin) (I ml 1) for 10 min. Similarly,
Kristan et al. (2012) did not find significant changes in blood ammonia levels
immediately after pikeperch exposure to etomidate; however, 24 h following an-
aesthesia the level of this compound in the blood was significantly lower than in
the control group. In the current study, the ammonia levels 24 h after exposure
were also lower in all experimental groups than in the control group; however,
the differences were not statistically significant. The neutralisation of ammonia
probably occurred through its transformation into non-toxic glutamine (Gomutka
etal., 2014).

After anaesthesia, the WBC count in pikeperch blood increased along with
the etomidate dose and exposure time, but after 24 h the values in all groups ap-
proached the results observed in the specimens from the control group. The in-
tensification of stress factors and exposure to them can have a very big impact on
immune system function. Kristan et al. (2012) did not observe significant de-
creases in WBC counts until 24 h after a 10-min exposure to etomidate and to
other anaesthetics tested (MS-222, clove oil, 2-phenoxyethanol). Severe stress
can induce significant negative changes in WBC counts and in the functioning of
the immune system. Reactions to environmental changes can even lead to leuko-
penia with lymphopenia, and sometimes neutrophilia (Kristan et al., 2012). Blood
levels of cortisol, which is excreted in response to stress and can shorten the life-
span of lymphocytes, foster their apoptosis (Wyets et al., 1998; Verburg van Ke-
menade, 1999) and also reduce their proliferation (Espelid et al., 1996), can affect
WBC counts. This is why lower lymphocyte counts and decreased lymphocyte ac-
tivity are often observed as a stress reaction regardless of the stress factor.

Hypoxaemia, which is a reduction in the partial pressure of oxygen in the
blood, is a commonly occurring phenomenon after exposure to anaesthetics
(Witeska et al., 2015). Oxygen deficits can be accompanied by slow gill move-
ments and decreased heart rates (Mourad, 2000). The values of all of the basic
blood parameters (RBC, HGB, HCT) in pikeperch are observed to increase with
higher doses and longer exposure times to etomidate. Mourad (2000) also noted
higher values of these parameters during exposure of carp to etomidate, but this
anaesthetic did not always induce haematological changes in this species (Kazun
and Siwicki, 2001; Kristan et al., 2012; Lepic et al., 2014). During etomidate ex-
posure in the current experiment, the only red blood cell parameter that changed
significantly was mean corpuscular volume (MCV) immediately after exposure.
In an experiment with pikeperch exposed to Propiscin (1.5 ml 1", 10 min), Kris-
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tan et al. (2012) observed significant changes in mean corpuscular haemoglobin
concentrations; additionally, these were sustained for more than 24 h after anaes-
thesia was induced. These authors concluded that etomidate in the dose tested is
not an appropriate agent for inducing general anaesthesia in pikeperch. The cur-
rent study indicates, however, that all changes occurring as a result of applying
this anaesthetic are reversed after 24 h. Similarly, Lepic et al. (2014) did not ob-
serve etomidate to cause significant differences in the values of red blood cell pa-
rameters in vimba bream. It is possible that the differences detected could be
linked to differences in fish condition or to differences in the chemistry of the
water used during anaesthesia (Sneddon, 2012).

Taking into consideration the significant increases in some parameters fol-
lowing long-term exposure (10 min) to the higher dose of etomidate (Propiscin)
(2 ml 1), one could conclude that good markers of the impact of anaesthesia on
pikeperch reared in RAS are those pertaining to blood, such as levels of total pro-
tein, globulin, glucose, calcium, magnesium, and ammonia. Although short-term
exposure at a lower dose of anaesthetic (2 min, 1 ml 1) had a lesser impact on
the pikeperch, all of the changes in haematological and blood biochemistry pa-
rameters noted with long-term exposure at the higher dose (10 min, 2 ml I'")
were also reversed after 24 h. This study indicates that etomidate (Propiscin) in
the doses tested, i.e., 1 and 2 ml 1", is a safe, effective and non-toxic anaesthetic
for pikeperch, and it can be applied successfully for exposure periods of 10 min.
Propiscin used for short- and long-term manipulation can limit the impact of
stress caused by many factors in pikeperch. The selection of the dose and expo-
sure period can be made according to the requirements of manipulation (e.g.,
monitoring fish measurements, tagging, artificial reproduction). It is noteworthy
that Propiscin can not only be used with freshwater percids, but also in marine
representatives of this taxonomic fish group such as the European seabass
(Dicentrarchus labrax) (Mars$i¢-Luci¢ et al., 2005).
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