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Abstract 
 
Handling or transporting fish can strongly affect physiology and behaviour, and anaesthesia is 
often used to minimize stress or injuries. The potential of propofol as an immersion anaesthetic 
for Nile tilapia (Oreochromis niloticus) was investigated in this study. Nile tilapia were divided 
into groups based on a body mass criteria of 10, 50, 100, 150 and 200 g, and subjected to 
different propofol concentrations (2.5, 5, 7.5, 10 or 12.5 mg L-1) using 3 individuals per size 
class for each prepared anaesthetic solution. Fish were placed in the prepared anaesthetic 
baths and times to lose reflex to mild touch as well as induction of full immobilisation recorded. 
Behavioural markers such as loss of the righting reflex and respiratory responses were also 
monitored. Following the induction of full anaesthesia, blood samples were drawn from each of 
the 200 g fish for haematological analysis. Induction times for deep anaesthesia (Stage IV) 
decreased significantly (p < 0.05) with increasing propofol concentrations for all size classes 
and increased as a function of increasing fish size. Recovery from anaesthesia was smooth in 
all size classes and exposure to higher doses of anaesthesia resulted in a general trend of 
prolonged recovery times. Larger fish showed a general trend of faster recovery times than 
smaller fish under the different propofol concentrations. Besides reporting the practicality of 
propofol as an immersion anaesthetic, this study has also demonstrated the importance of 
considering size when anaesthetizing Nile tilapia with propofol.  
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Introduction 
 
Fish under aquaculture conditions are often subjected to several stressors such as handling for 
biometric measurements, vaccination, invasive blood sampling procedures and transportation. 
With the continued growth of the global aquaculture industry, research into the welfare of 
cultured fish has become increasingly vital despite the scientific arguments regarding the ability 
of fish to experience pain and fear (Ashley, 2007). The use of anaesthetic agents has, therefore, 

                  



become a conventional practice in modern aquaculture, and from ethical and scientific 
perspectives, it is increasingly becoming inconceivable to subject fish to certain stressors 
without anaesthesia (Velíšek et al., 2009). Anaesthetics are used to promote sedation, prevent 
physical injuries, and attenuate the biochemical, physiological and physical stress responses in 
fish (Ross and Ross, 2008; Kiessling et al., 2009). Omitting anaesthesia in laboratory research 
on fish may not only severely impact the welfare of the research animal but also contribute to 
noise in observations through stress-induced changes in behaviour and physiology (Brydges et 
al., 2009). Failure to suppress stress-induced activation of the HPI-axis results in the release of 
cortisol which elicits various physiological responses in a bid to overcome or compensate for the 
stress which can lead to immunosuppression and poor fish performance in severe or chronic 
instances (Pickering, 1998). Several agents are used as fish anaesthetics and/or muscle 
relaxants based on mechanical stimuli tests and visual assessment of induction of anaesthesia 
(Ross and Ross, 2008). The choice of anaesthetic agent for use in aquaculture, however, 
generally depends on availability, cost-effectiveness, ease of use, nature and duration of 
stressful activity and user safety (Cho and Heath, 2000). Ethyl 3-aminobenzoate 
methanesulfonate (MS-222) is the commonest and “standard” fish anaesthetic, widely used in 
fish, but concerns have been raised regarding aversion and stress induction (Readman et al., 
2013; Wong et al., 2014). MS-222 is available as a water-soluble powder that is acidic in 
solution and needs buffering with sodium bicarbonate or sodium hydroxide (Harper and 
Lawrence, 2012) or Tris buffer (Westerfield, 2007). Buffered MS-222 solutions require special 
storage sometimes making its use as an anaesthetic agent less practical (Carter et al., 2011). 
As a local anaesthetic, MS-222 induces neuromuscular blockade instead of loss of 
consciousness which can potentially cause stress in addition to affecting haemodynamic 
equilibrium by lowering heart rates and increasing the risk of accidental death, especially under 
long-term sedation (Huang et al., 2010; Readman et al., 2013). Because of the problems 
associated with the use of MS-222 in fish, establishing anaesthetic protocols using other agents 
are advisable (Martins et al., 2016). 
 
Propofol (2,6-diisopropylphenol) is a widely used parenteral class anaesthetic in human patients 
and in veterinary procedures that allows a smooth anaesthesia induction and a quick recovery 
with little cumulative effects (GholipourKanani and Ahadizadeh, 2013). In contrast to MS-222, it 
is a commonly used anaesthetic in mammalian species (Oda et al., 2014) and has been widely 
used as an intravenous anaesthetic in humans (Andrews et al., 1997) and veterinary practice 
(Glowaski and Wetmore, 1999; Youngblood et al., 2018). Its efficacy and safety in fish are, 
however, still atypical and poorly described (Ross and Ross, 2008; GholipourKanani and 
Ahadizadeh, 2013). In fish, propofol has been tested intravenously or by immersion baths in a 
few species including the Gulf of Mexico sturgeon, Acipenser oxyrinchus (Fleming et al., 2003), 
the Siberian sturgeon, Acipenser baeri (Gomułka et al., 2015) the Nile tilapia, Oreochromis 
niloticus, (Valença-Silva et al., 2014), the spotted bamboo shark, Chiloscyllium plagiosum (Miller 
et al., 2005), the goldfish, Carassius auratus (GholipourKanani and Ahadizadeh, 2013), the 
silver catfish, Rhamdia quelen (Gressler et al., 2012) and the zebrafish, Danio rerio (Valentim et 
al., 2016). In fish, propofol induces quick anaesthesia and allows for rapid and complete 
recoveries (Martins et al., 2019). Propofol immersion baths have been shown to induce 
smoother anesthetization than MS-222 (Gressler et al. 2012) and even works in species such 
as A. oxyrinchus for which MS-222 is not an effective anaesthetic (Flemming et al., 2003). The 
study on propofol use in Nile tilapia by Valença-Silva et al. (2014) focused on the in-vivo 
assessment of the genotoxicity and mutagenicity of the anaesthetic agent in adult individuals. 
Because of the possible side-effects of using anaesthetics in fish, it is essential to establish an 
anaesthetic regimen encompassing doses and combinations that suits research or production 
procedures and also minimizes collateral effects (Sneddon, 2012; Martins et al., 2016). Factors 
such as species, gender, size and developmental stage can confound the establishment of 

                  



anaesthetic protocols for fish (Ribeiro et al., 2015). It is, therefore, necessary to take into 
account these variables in establishing new anaesthetic protocols for fish using propofol to 
ensure the efficacy and safety of the anaesthetic agent.  
 
Thus, the objective of this study was to characterize anaesthesia induction with propofol and 
recovery in Nile tilapia. In aquaculture, the Nile tilapia is one of the most widely cultured fish 
species due to its tolerance of a wide range of environmental conditions, with global production 
increasing exponentially over the years from 1.3 million T in 2003 to about 4.2 million T in 2016 
(FAO 2018). This study specifically sought to establish anaesthetic protocols by monitoring 
depths of anaesthesia induced by different concentrations of propofol in various size classes of 
Nile tilapia and determine the effects on haematology.  

 

Methodology 
 
Experimental Fish and Acclimation to Laboratory Conditions 
 
Sex-reversed, male Nile tilapia (n = 300) with sizes ranging from 5-200 g were purchased from 
a commercial tilapia supplier (Pilot Aquaculture Centre, Ashanti Region, Ghana) and 
transported to a laboratory facility at the Kwame Nkrumah University of Science and 
Technology, Kumasi, Ghana. The fish were visually graded into different size classes and 
separately acclimated to the laboratory conditions for two weeks in 160-L rectangular fibreglass 
tanks fitted with portable aerators (Aqua Forte V-30, Sibo Fluidra BV, Doornhoek, Netherlands) 
before the anaesthetic trials. Dissolved oxygen saturation in each tank was kept above 70% 
during the acclimation period. During this period, fish were hand-fed with a commercial extruded 
diet (Raanan Tilapia Supreme Growth Feed: 2 mm pellet size, 33% crude protein, 6.4% lipid) at 
3% of their estimated total biomass. Daily siphoning of settled faecal matter and uneaten feed 
was carried out before each feeding event and about 50% of the water in each tank was 
manually renewed with clean water daily. Water quality parameters including dissolved oxygen 
(DO), temperature, conductivity, total dissolved solids (TDS) and pH were determined daily for 
each holding tank using a multi-parameter water quality probe (Hach HQ40d, CO, USA) the 
acclimation period. Total ammonia nitrogen and alkalinity were also monitored via optical 
absorbance techniques where specific reagents were added to water samples and the intensity 
of colour produced measured at different wavelengths using a photometer (YSI 9500 
photometer, YSI Inc., Yellow Springs, OH, USA). Dissolved oxygen was kept within a normoxic 
range with a mean of 6.5 ± 0.3 mg O2 L

-1. Mean water temperature and conductivity throughout 
the trials were 29.7 ± 0.9 ºC and 110.1 ± 2.31 µS cm-1 respectively. Mean total ammonia 
nitrogen and alkalinity throughout the trial were 0.4 ± 0.1 and 58.2 ± 6.3 mg L-1 respectively. The 
pH ranged from 6.5-7.1. All monitored water quality parameters were within what is considered 
to be the optimum ranges for Nile tilapia. Fish were kept under a 12 h light: 12 h dark 
photoperiod for the acclimation period. Following the acclimation period, fish were individually 
weighed and selected based on the body mass criteria of 10, 50, 100, 150 and 200 g for the 
trials (Table 1). A total of 100 fish (Twenty individuals per body mass grouping) were selected 
from the starting population of 300 fish and distributed into separate 60-L glass aquaria at a rate 
of 10 individuals per tank for the anaesthesia trials. Within each size class, 15 out of the 20 
selected fish were used in the anaesthetic trials at a rate of 3 individuals per concentration of 
anaesthetic solution. All fish were fasted for 24 h before the start of the trials. 
 
 
Propofol Acquisition and Preparation of Anaesthetic Solutions 
 

                  



Ampoules of 1% propofol (Fresenius Kabi AB, Uppsala, Sweden) were purchased from a 
commercial medical supplier (Biotech Medical Supplies, Kumasi, Ghana). The propofol was in 
the form of a white milky emulsion containing 10 % soybean oil, 2.25 % glycerol and 1.2 % 
phosphate of purified eggs. The propofol emulsions were directly added at different volumes to 
6 L of induction water (Distilled water at 28 ºC) without the need for pre-dilution, to form five (5) 
final working solutions with concentration ranges of 2.5, 5, 7.5, 10 and 12.5 mg L-1. The propofol 
concentrations used for this study were extrapolated from published data on intravenous and 
immersion bath administration in fish (Fleming et al., 2003; Miller et al., 2005; Gressler et al., 
2012; Valença-Silva et al., 2014) as well as initial trial runs. The propofol was relatively water-
soluble and thoroughly stirred to mix with the water and each concentration was freshly 
prepared for the evaluation of its anaesthetic potential in Nile tilapia. A total of 75 anaesthetic 
solutions of varying concentrations were prepared for the different Nile tilapia sizes. 
 
Anaesthesia and Recovery 
 
Anaesthetic parameters of the different propofol concentrations were evaluated using 3 
individuals per size class for each concentration of the anaesthetic solutions. Anaesthesia was 
induced by placing fish into individual anaesthetic solutions for the anaesthetic agent to be 
absorbed through the gills into the arterial blood circulation. Fish were carefully netted 
individually from their respective glass aquaria and immediately placed in the prepared 
anaesthetic baths, and times to lose reflex to mild touch as well as times to reach full 
immobilisation recorded using a digital stopwatch. Behavioural markers such as loss of the 
righting reflex and respiratory response were also monitored for each anaesthetic procedure. 
Fish were considered to have lost equilibrium when it stayed for more than 3 seconds in dorsal 
recumbency (Valentim et al., 2016). To evaluate fish response to mild touch under anaesthesia, 
the lateral side of fish was gently touched with forceps while observing for any signs of 
involuntary muscular reactions. Responses tested every 10 seconds and the period when fish 
showed no sign of involuntary muscular response to touch was recorded. Respiratory rates 
(RR) were measured 15 s after fish were deemed to have lost equilibrium and again, 15 s after 
loss of mild touch reaction. Once a 200 g fish reached the onset of stage IV of anaesthesia, it 
was carefully removed from the anaesthetic solution with a dip net and blood drawn from the 
caudal vasculature using methods described in details below, for haematological analyses for 
stress signs and carefully placed in a recovery tank. All fish under each size class were 
recovered individually in 10 L of water aerated with an air pump that supplied air to each 
recovery tank via airstones. During the recovery period, fish behaviour was monitored and 
recovery times (characterized by complete equilibrium gain) and operculum movement were 
recorded. Fish was considered to have recovered equilibrium if it stayed for more than 3 
seconds in ventral recumbent position (Valentim et al., 2016). To ensure unbiased data 
collection, all observations of the stages of anaesthesia induction, recovery and behavioural 
responses were done by an experimenter who was blinded to the different treatments. 
Anaesthesia overdose leading to mortality did not occur in any of the propofol concentrations 
chosen for this study across the different size classes. The stages of anaesthesia and the 
corresponding behavioural responses at the different stages are shown in Table 1. 
 
Table 1: The stages of anaesthesia and behavioural responses monitored in the different Nile 
tilapia size classes in this study  

Stage Description Appearance Swimming 
activity 

Equilibrium Tactile 
responsiveness* 

Respiration 

0 Normal Normal Normal Normal Normal Normal 
I Light Normal Reduced Normal Slightly reduced Normal 

                  



sedation 
II Excitatory 

stage  
Excited Increased Struggles to 

maintain 
balance 

Normal or 
exaggerated 

Irregular or 
increased 

III Light 
anaesthesia 

Anaesthetised  Stopped Lost Reaction to 
strong tactile 
stimuli 

Normal or 
decreased 

IV Deep 
anaesthesia 

Anaesthetised Stopped Lost None Shallow 

Recovery 
stage 

 Normal Reduced Regained Normal Normal 

Adapted from Zahl et al. (2009) and Tarkhani et al. (2017) 
*Tactile responsiveness: Pinch in the tail and pinprick in the skin 
Equilibrium recovery in this study was defined as more than 3 seconds in ventral recumbence. 

 
 
Haematological Analyses 
 
At stage IV of anaesthesia, each 200 g fish were carefully removed from the anaesthetic 
solution and about 2 ml of blood samples drawn by caudal sampling. Blood samples were 
obtained by puncturing the caudal vasculature of each fish with a 20 G X 1 ½ regular bevel 
hypodermic needle and blood collected into separate Vacutainer® tubes (Becton Dickinson, 
Franklin Lakes, NJ, USA) containing EDTA (1.8 mg/ml) as an anticoagulant, for haematological 
analysis. The automated blood cell count method (Tran-Duy et al. 2008; Fazio et al. 2012) was 
used to assess the haematological parameters of the fish Validation of the reliability of the 
automated method against manual haematological analyses using a Neubauer haemocytometer 
(for RBC count), the cyanmethaemoglobin (for haemoglobin) and microhaematocrit 
centrifugation (haematocrit) methods by Fazio et al. (2012) indicated no significant differences 
in the results of the two methods. All samples were analysed in duplicate by the same operator 
within 2 h of collection. The haematological analysis was carried out as complete red blood cell 
(RBC) counts as well as the other quantitative RBC parameters like haematocrit (Hct) and 
haemoglobin (Hb) levels using an automated haematology analyzer (CELL-DYN 1800, Abbot 
Laboratories, Irving, TX, USA). Blood sampled from five non-anaesthetized 200 g individual Nile 
tilapia served as the control for the haematology assessment. A group of five naïve 200 g fish 
were randomly selected from a communal tank containing the initial fish stock not used in the 
anaesthesia trials. Each fish was firmly held down on a plastic board and blood drawn from the 
caudal vasculature using the same methods describes above. The time between fish capture 
and blood sampling was less than 2 minutes. 
 
 

Statistical Analysis 
 
Data are presented as mean ± SD in tables and graphs. Normality and homoscedasticity were 
respectively assessed using Kolmogorov–Smirnov test and Bartlett’s test and as data complied 
with both tests, One-way ANOVA was used to test for differences between the means of 
measured and calculated parameters among the various fish groups as well as concentrations 
of anaesthetic solutions. In instances where there were significant differences among the 
treatment means, they were compared using the Tukey multiple comparison test (Zar, 1999). 
Two-way ANOVA was used to determine the contributory effects of fish sizes and anaesthesia 

                  



concentrations (independent variables) on induction and recovery times and identify the 
interaction effect between the independent variables. Linear regression was used to analyse for 
the relationship between times of anaesthesia induction resulting in total loss of equilibrium or 
recovery times and propofol concentrations for the various fish sizes. The data on induction and 
recovery times were log-transformed before the linear regression analysis. In all instances, 
differences were considered significant at p < 0.05. Graphs and statistical analyses were 
executed using SPSS ver. 20 (IBM Corporation, Armonk, NY, USA).   
 
 

Results 
 
Induction of Anaesthesia 
 
No mortality occurred during the induction and recovery phases of anaesthesia for all the size 
classes. All the propofol concentrations chosen for this study were able to induce stage IV 
anaesthesia in all the fish groups. The times for induction of deep anaesthesia (Stage IV), 
however, decreased significantly (F4,74=79.71, p<0.0001) with increasing propofol 
concentrations for all size classes (Figure 1). At 2.5 mg L-1 propofol concentration, the 10 g fish 
group entered stage IV of anaesthesia at a significantly slower induction time of 461.30 ± 63.26 
s (~8 minutes) than the largest fish group (200 g) which succumbed to anaesthesia in 290.00 ± 
49.27 s (5 minutes). At higher propofol concentrations (< 7.5 mg L-1), however, there was a 
trend of induction times increasing as a function of increasing fish sizes. At 12.5 mg L-1, the 10 g 
fish entered deep anaesthesia in 47.67 ± 13.05 s post-exposure, which was significantly faster 
than the induction times of the other size groups. Overall, the induction times for deep 
anaesthesia were significantly influenced by fish size across all the groups. (F4,74=6.15, 
p=0.0004). The interaction of fish size and concentration also had a significant effect on 
anaesthesia induction times (F16,74 = 3.73, p < 0.0002). In all the fish sizes used for this trial, 
there were strong negative relationships between propofol concentrations and induction times of 
full anaesthesia (Figure 3). 
 

                  



  
 
Figure 1: Induction times (total equilibrium loss) in different size classes (n = 3 fish per size 
class) of Nile tilapia after being placed in anaesthetic baths of varying concentrations (2.5-12.5 
mg L-1) of propofol. Asterisks denote significant differences (p < 0.05) in times to lose 
equilibrium among the varying Nile tilapia size classes under a given anaesthesia concentration. 
The lower case letters denote significant differences (p < 0.05) or otherwise in anaesthesia 
induction among the groups of Nile tilapia as a function of anaesthesia varying concentrations (p 
< 0.05). Data are presented as minimum and maximum TRL (Median lines are represented as 
black lines inside each bar). 

 

Recovery from Anaesthesia 
 
Results indicated longer recovery times relative to induction times for all the Nile tilapia groups 
under the different concentrations. Recovery was smooth in all size classes and exposure to 
higher doses of anaesthesia resulted in a general trend of significantly prolonged (F4,74=27.40, 
p<0.0001) recovery times (Figure 2). There was also a significant effect of size on recovery 
times with larger fish showing a general trend of faster recovery times than smaller fish under 
the different propofol concentrations (F4,74=16.66, p<0.0001). Unlike induction times, fish size 
effect on recovery times was more pronounced. The shortest mean recovery time of 339.00 ± 
56.47 s (6 minutes) was recorded for the 150 g fish under the 2.5 mg L-1 propofol solution and 
the longest recovery time of 1775.00 ± 37.79 s (~30 minutes) was recorded for the 20 g fish 

                  



following exposure to 12.5 mg L-1 propofol solution. There was a significant interactive effect of 
fish size and anaesthesia concentration in recovery times (F16,74 = 3.73, p < 0.0142). Except for 
the 50 g fish, there were strong positive relationships between propofol concentrations and 
recovery times of full equilibrium in all the other fish sizes used for this trial (Figure 4). 
 

 
 

Figure 2: Recovery times (total equilibrium gain) of different Nile tilapia size classes (n = 3 fish 

per size class) following sedation at varying propofol concentrations (2.5-12.5 mg L-1). Asterisks 

denote significant differences (p < 0.05) in times to regain equilibrium among the varying Nile 

tilapia size classes under a given anaesthesia concentration. The lower case letters denote 

significant differences (p < 0.05) or otherwise in recovery times among the groups of Nile tilapia 

as a function of varying anaesthesia concentrations (p < 0.05). Data are presented as minimum 

and maximum equilibrium gain times (Median lines are represented as black lines inside each 

bar).  

 
 
 

                  



 

Figure 3: Relationship between induction time of anaesthesia resulting in total loss of equilibrium and 
propofol concentration in 10 g (A), 50 g (B), 100 g (C), 150 (D) and 200 g (E) Nile tilapia. Linear 
regression lines and 95% confidence interval bands, together with regression statistics, are presented in 
the graphs.  

 

                  



 

Figure 4: Relationship between equilibrium gain (more than 3 seconds in ventral recumbence) and 
propofol concentration in 10 g (A), 50 g (B), 100 g (C), 150 (D) and 200 g (E) Nile tilapia. Linear 
regression lines and 95% confidence interval bands, together with regression statistics, are presented in 
the graphs.  
 
 

                  



Loss of Response to Touch Stimuli 
 
Increasing the concentration of the anaesthetic agent resulted in significant differences (F4,74 = 
61.70, p < 0.0001) and stepwise reductions in the times taken for fish to lose response to mild 
stimuli (Figure 5). Decreasing response times with increasing propofol concentrations were 
apparent in all the fish size classes, except for the 200 g group that appeared to record fairly 
similar response times regardless of anaesthesia concentration. Although within particular 
anaesthesia concentrations there were significant effects of size on times taken to lose 
response to touch, overall, the effects of fish size on touch response loss was not significant 
(F4,74 = 61.70, p < 0.0001). Similarly, the interactive effects of anaesthesia concentration and 
fish size did not significantly affect the times taken for fish to lose response to mild stimuli (F16,74 
= 7.39, p < 0.6728). The slowest mean time to lose tactile response was 506.33 ± 54.50 s (~ 8 
mins 30 s) for the 50 g fish at 2.5 mg L-1 propofol concentration and the fastest was 68.33 ± 
10.41 s for the 10 g fish at 12.5 mg L-1. 
 

 
Figure 5: Times taken for different Nile tilapia size classes (n = 3 fish per size class) to record 
mild touch response losses (TRL) responses following sedation at varying propofol 
concentrations (2.5-12.5 mg L-1). Asterisks denote significant differences (p < 0.05) in times to 
lose response to mild touch among the varying Nile tilapia size classes under a given 
anaesthesia concentration. The lower case letters denote significant differences or otherwise in 
times taken to lose response to mild touch among the groups of Nile tilapia as a function of 

                  



varying anaesthesia concentrations (p < 0.05). Data are presented as minimum and maximum 
TRL (Median lines are represented as black lines). 
 

Respiratory Rates 
 

Within a size group, anaesthesia with propofol did not allow for the maintenance of ventilatory 
intensities when fish lost equilibrium as well as response to touch. Respiratory rates after the 
loss of tactile responsiveness appeared to be dose-dependent, wherein increasing propofol 
doses generally modulated conspicuous respiratory depressions in all the size classes. In the 
10 g fish for instance, respiratory rates dropped to 30.67 ± 12.22 min-1 at 12.5 mg L-1 compared 
to 68.00 ± 8.00 min-1 at a lower dose of 5 mg L-1. Despite the reductions in respiratory rates, the 
ventilation rates of all individuals remained reasonably steady without any indication of a 
potential respiratory arrest at the high anaesthetic doses. The trends in respiratory responses 
following entry into deep anaesthesia were very similar to the respiratory responses after the 
loss of reaction to tactile stimuli but relatively shallower in all size groups.   
 
 

Haematology 
 
Fish subjected to deep anaesthesia at the different propofol concentrations had significantly 
lower (p < 0.05) mean RBC, Hb and Hct levels compared to the non-anaesthetized control fish. 
All the propofol concentrations selected for this study appeared to induce a similar anaesthetic 
plane for external blood sampling as evidenced by the fairly similar RBC, Hb and Hct levels 
regardless of propofol concentration (Table 2). 
 

 

Table 2: Mean (± SD) of red blood cell count (x106 µL-1), haemoglobin (g dL-1) and haematocrit 
(%) levels of 200 g Nile tilapia (n = 3 per treatment) during the deep narcosis stage after 
sedation with varying concentrations (2.5-12.5 mg L-1) of propofol. Different letters denote 
significant differences between treatments within rows (p < 0.05). 
 

 Control 2.5 mg L-1 5.0 mg L-1 7.5 mg L-1 10.0 mg L-1 12.5 mg L-1 

RBC 2.79 ± 0.08a 1.92 ± 0.06b 2.14 ± 0.04b 2.19 ± 0.22b 2.26 ± 0.03b 2.01 ± 0.08b 

Range (2.70-2.85) (1.86-1.98) (2.10-2.17) (1.94-2.34) (2.22-2.29) (1.94-2.01) 
       
Hb 10.80 ± 0.40a 8.73 ± 0.40b 8.87 ± 0.31b 8.90 ± 0.61b 8.43 ± 0.61b 8.30 ± 0.27b 
Range (10.40-11.20) (8.30-9.10) (8.60-9.20)  (8.50-9.60) (7.90-9.10) (8.10-8.60) 
       
Hct  39.97 ± 4.12a 26.20 ± 2.55b 27.13 ± 1.48b 25.80 ± 1.93b 24.33 ± 3.70b 23.97 ± 1.90b 
Range (35.40-43.30) (24.30-29.10) (25.50-28.40) (23.70-27.50) (21.40-28.50) (22.00-25.80) 

 

Discussion 
 
In this study, we aimed to establish anaesthetic protocols by monitoring depths of anaesthesia 
induced by different concentrations of propofol in various size classes of Nile tilapia and 

                  



determine the effects on haematology. The route of administration of propofol used in this study 
allowed for the rapid diffusion of the anaesthetic through the secondary lamellae into efferent 
branchial arteries, resulting in a significantly shortened pathway to the brain (Ross and Ross, 
2008). Similar to this study, lower doses of propofol took longer to achieve full immobilisation 
and induced a quicker recovery/equilibrium gain in zebrafish (Valentim et al., 2016). Ideally, an 
anaesthetic agent for fish should induce full anaesthesia characterized by total loss of 
equilibrium and muscle tone in less than 3 or 5 minutes, and should allow an uneventful and 
rapid recovery in less than 10 minutes leaving very low tissue residue (Gilderhus and Marking, 
1987; Hseu et al., 1998; Park et al., 2003). Except for the 2.5 mg L-1 dosage, all the other 
concentrations induced full and smooth anaesthesia in less than 5 minutes in all the Nile tilapia 
size classes. Short induction times are desirable because it reduces the possibility of hypoxemia 
and acute stress responses (Gilderhus and Marking, 1987; Mommsen et al., 1999). The 10-
minute recovery time limit was only met by the 150 and 200 g fish anaesthetized at 2.5 mg L-1. 
All other fish groups anaesthetized at the different concentration achieved full recovery in more 
than 10 minutes. In a study by Valentim et al. (2016), propofol induced longer recovery times in 
zebrafish compared with MS-222, with some individuals achieving full recovery in more than 30 
minutes. Despite the longer recovery times recorded in this study, recovery was uncomplicated 
and complete and anaesthesia overdose leading to mortality did not occur in any of the propofol 
concentrations chosen for this study across the different size classes. There were largely 
significant effects of anaesthesia concentrations and fish sizes on sedation and recovery times, 
but larger sample sizes than what was used in this study might have detected more minute 
differences, although it could potentially have also lad to inferential errors.  
 
Propofol is delivered in a lipid emulsion that is rapidly distributed into peripheral tissues (Gibaldi 
et al., 2007), and the drug washout for fish recovery may depend on the body mass and lipid 
content (Valentim et al., 2016). The body size effect on anaesthesia induction times in the 
present study was variable at the different propofol concentrations. At the lowest propofol 
concentration, the 10 g fish had significantly slower induction time than the 100 and 200 g fish, 
but there was a trend of longer induction times for larger fish sizes at higher propofol 
concentrations (>5 mg L-1). Larger fish, however, generally had distinctly shorter recovery times 
than smaller fish at same propofol concentrations. Although factors such water temperature has 
direct effects on induction and recovery times in several teleost species (Houston et al., 1976; 
Sylvester and Holland, 1982; Hikasa et al., 1986; Bowser, 2001; Zahl et al., 2009), the 
importance of fish body size on induction and recovery times is less clear. While some studies 
have demonstrated no direct relationship between body size and induction as well as recovery 
time, others suggest a more defined relationship. Hoskonen and Pirhonen (2004) found no 
relationship between size and induction time for clove oil in Atlantic salmon (Salmo salar) and 
brown trout (Salmo trutta). Conversely, increasing induction and recovery times with increasing 
fish weight have been reported for the Atlantic cod, Gadus morhua (Houston et al., 1976; Zahl 
et al. 2009) and the for Korean rockfish, Sebastes schlegeli (Son et al., 2001). Suggestions 
might be that the rate of absorption of the anaesthetic as a function of body weight is slower in 
larger fish which may be reflective of the larger gill surface area relative to body size and, thus, 
a larger area for drug diffusion (Oikawa and Itazawa, 1985). According to Clarke and Johnston 
(1999), larger fish have relatively lower basal metabolism which may contribute to a slower rate 
of anaesthetic absorption. Some of the variability in inductions times can be explained by 
possible unequal distribution of the lipid emulsion in water and incomplete solubilization, despite 
the agitation that was performed during the preparation of anaesthetic solutions (Valentim et al., 
2016). 
 
Respiratory rates after the loss of equilibrium and tactile responsiveness appeared to be dose-
dependent, wherein increasing propofol doses generally modulated conspicuous respiratory 

                  



depressions in all the size classes. This finding corroborates the decrease in respiratory rate 
with increasing propofol doses in zebrafish after the loss of equilibrium or after the loss of light 
stimulus reflex (Valentim et al., 2016). Fish subjected to deep anaesthesia at the different 
propofol concentrations had significantly lower mean RBC, Hb and Hct levels compared to the 
non-anaesthetized control fish. Goldfish (Carassius auratus) exposed to propofol also showed 
significantly reduced Hb content (5.20 ± 0.73 g dL-1) compared with an unexposed control group 
(15.41 ± 4.76 g dL-1) (Gholipourkanani and Ahadizadeh, 2013). Propofol administration has also 
been reported to temporarily decrease RBC, Hb or Hct levels in humans (Shabir et al., 2014), 
dogs (Gill et al., 1996), rabbit (Mazaheri-Khameneh et al., 2012). Propofol induces moderate 
systemic hypotension, arterial vasodilatation and venodilatation (Branson and Gross, 1994), and 
it has been suggested that decreases in RBC, Hct and Hb during anaesthesia can occur due to 
sequestration of red blood cells in non-splenic sites (Costa et al., 2013). The decrease in these 
RBC parameters during periods of anaesthesia or sedation might also be attributed to the 
shifting of fluids related to the circulatory pathway from extravascular compartments to 
intravascular compartments to maintain normal cardiac output in the animals (Wagner et al., 
1991). 
 
Although it is not conclusive whether fish can experience pain, it is widely accepted that they 
respond to noxious stimuli with a nocifensive response (Chatigny et al., 2018). Because 
propofol is a short-acting hypnotic agent with no analgesic properties, it might be necessary to 
use a balanced anaesthesia approach by combining its use with a fish-friendly analgesic to 
produce an optimum analgesia and anaesthesia. This is particularly necessary when performing 
painful procedures such as fin clippings and surgical procedures (Martins et al., 2019). Fish are 
commonly anesthetized without analgesics even for invasive and painful procedures, but it is 
generally best to adopt a multimodal approach combining anaesthetic and analgesic drugs to 
provide appropriate perioperative care (Lamont, 2008; Matthew et al., 2014). Propofol has been 
successfully used in combination with the analgesic, lidocaine in zebrafish (Valentim et al., 
2016). General anaesthesia without sedatives can, however, reduce handling stress during 
blood collection in active fish by primarily immobilizing fish and allowing blood to be quickly 
drawn without physical restraint and respiratory distress (Groff and Zinkl, 1999). In this regard, 
using propofol alone to induce immobilization can be useful during stressful activities that 
require the handling of fish outside water such as morphometric measurement and blood 
sampling to promote good welfare.  
 
In conclusion, there was a general trend of longer induction times and distinctly shorter recovery 
times for larger fish sizes in this study. Although the route of delivery for propofol is largely 
advertised as intravenous or intraosseous injections, this study has demonstrated its potential 
use as an immersion anaesthetic for Nile tilapia and a possible alternative to more conventional 
anaesthetics. Propofol promoted satisfactory immobilisation at all the tested concentrations with 
very smooth recovery in Nile tilapia. The progressions along the various anaesthesia stages 
were very distinct providing a reasonable safety margin to avoid excessively deep inductions. 
Besides inducing a smooth anaesthesia, the absence of physical restraints during the 
administration of propofol via immersion solutions also reduces the possibility of activating the 
HPI-axis and inducing cortisol release and stress responses 
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