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Anaesthesia and Analgesia in fish
 3Rs - Refinement

 Pain in fish?

 Assessing and alleviating pain in zebrafish

 Analgesia

 Anaesthesia – recovery and euthanasia

 Recommendations



PREPARE Guidelines



Are you PREPAREd?



Use of Protected Animals



Ethical Animal 
Experimentation

JUSTIFY STUDY

Is the study beneficial to humans or animals? Benefits can be 
medical, veterinary, economic, biological or educational.

Will it generate novel knowledge or have applied relevance?

Has the design been logged prior to commencing the 
experiment?

Is the experimental design appropriate to address the research 
question e.g. blinding, randomisation?

REPLACEMENT

Necessity for using whole animals? Can an immature form or 
invertebrate* model be used? Human volunteers, human cells 

and tissues or animal cell and tissue preparations? Is the model 
Relevant?

Mathematical or computational modelling of existing data sets 
rather than a new study using animals?

REDUCTION

Is the sample size just large enough to give sufficiently 
informative results but avoiding the use of too many animals? 

Will the outcomes be published and/or included in a future 
meta-analysis?

REFINEMENT

Husbandry and housing – are animals  kept in good health?

Will health be appropriately monitored and action taken  
quickly to improve welfare before and during experiments?

Are the least invasive techniques being employed to promote 
good welfare during experiments?

Where procedures compromise welfare are protocols in place to 
improve  this e.g. pain-relief?

Publish

PREPARE
3Rs ARRIVE

Sneddon et al. (2017) J. Exp. 
Biol. 220, 3007-3016 



REFINEMENT

Husbandry and housing – are animals  kept in 
good health?

Will health be appropriately monitored and action 
taken  quickly to improve welfare before and 

during experiments?

Are the least invasive techniques being employed 
to promote good welfare during experiments?

Where procedures compromise welfare are 
protocols in place to improve  this e.g. pain-relief?



Pain in fish?



Assessing pain in fish?
 Popular experimental model

 28% increase in Europe likely to reflect global use

 Need to ensure good welfare = good science

 Currently no tools for fish

 Important refinement



Using animal behaviour
 Many advantages

 Non-invasive

 Subtle changes may reflect initial attempts to cope

 Automated alert system would allow us to intervene

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiL-ba8hsnNAhWGI8AKHd94A6cQjRwIBw&url=http://www.iup.edu/newsItem.aspx?id%3D137430%26&psig=AFQjCNHUFzOIGDaxS3PQzCxcFnW7gLAcuA&ust=1467145870848293


Objectives
 Develop an automated software tool

 Test efficacy of immersion analgesia



3D mapping of zebrafish behaviour

Hamza Alzu’bi and Waleed Al-Nuaimy, Electrical Engineering, unpublished data







Automatic analysis of behaviour

 Get real-time information

• Speed

• Distance travelled

• Acceleration

• Deceleration

• Time spent in specific areas

• Time spent active/motionless

• And many more



Recognising  signs of pain in 
individual zebrafish

 Healthy 

• Continuous swimming

• Swimming in mid water

• Calm swimming

• Gentle turns

Unhealthy

• Immobile

• Increased use of tank bottom

• Bursts of erratic swimming

• Unusual behaviours



Behaving normally / healthy? 
Fish A

 Deakin et al. MS submitted



Behaving normally / healthy?
 Fish A – Normal, healthy



Behaving normally / healthy? 
Fish B



Behaving normally / healthy?
 Fish A – Normal, healthy

 Fish B – Unhealthy, fin clip



Behaving normally / healthy? 
Fish C



Behaving normally / healthy?
 Fish A – Normal, healthy

 Fish B – Unhealthy, fin clip

 Fish C – Unhealthy, PIT tag



Behaving normally / healthy? 
Fish D



Behaving normally / healthy?
 Fish A – Normal, healthy

 Fish B – Unhealthy, fin clip

 Fish C – Unhealthy, PIT tag

 Fish D – Fin clip but given lidocaine at 5mg/L



 Tracking behaviour at 2 hours after treatment; Deakin et al. MS submitted

Control

Muscle

Fin clip

ChemicalPIT tag insertion

Sham handled



3D maps of analgesics

Lidocaine 5mg/L

Bupivacaine 1mg/L

Flunixin 2mg/L

Flunixin 8mg/L

Morphine 3mg/L

Morphine 48mg/L

 Tracking behaviour at 2 hours after treatment; Deakin et al. MS submitted



Recognising  signs of pain in pairs
of zebrafish

 Healthy 

• Continuous swimming

• Swimming in mid water

• Calm swimming

• Gentle turns

• Interacting continuously

Unhealthy

• Immobile

• Increased use of tank bottom

• Bursts of erratic swimming

• Unusual behaviours



Pair - control



Pair – fin clip



Recognising  signs of pain in groups of 
zebrafish

 Healthy 
• Continuous swimming

• Swimming in mid 
water

• Calm swimming

• Gentle turns

• Interacting 
continuously -
dominance

Unhealthy

• Immobile (depends on 
pain type)

• Increased use of tank 
bottom

• Bursts of erratic swimming

• Unusual behaviours

• Ostracised from the 
group if immobile

Dominants do not display the same signs of pain when returned to a group; 
Ashley et al. (2009) Animal Behaviour 77, 403–410



Group - control



Group - fin clip



PCA – Key Behaviours
 Distance swum

 Location

 Activity

 Develop software - chromatic analysis

 Data extracted from videos in real time to provide 
health status

 Tested in 2D, blinded to treatment and on other 
species at Blue Planet Aquarium



Health Index
Normal
Ok based on scores for Activity, Location, Distance swum 
Unhealthy 30mins  20mins  10mins  (1min)
Abnormal ALERTS



Sham 3 1 (U) 2 (T) 3 (T)



PIT d10N 1 (U) 2 (T) 3 (T)
ALERTS ALERTS



Normal – paused – fin clip behaviour



Recovery?
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Fin clip in groups
Groups of 6 
zebrafish (n = 8)

Fin clip 1, 3 or 6 fish 
(FC)

Fin clip plus 5mg/l 
lidocaine (A)

Measure saturation 
and hue in 2d = 
measure of activity

White et al. 2017. Animal Behaviour 132, 189-199



Actual Severity - Pain



Species Differences
Fish 

Species

Swimming Ventilation 

Rate

Feeding Plasma 

Cortisol

Light 

Preference

Changes in 

Gill 

Physiology

Anomalous 

Behaviours

Rainbow

trout

↓ ↑ ↓ ↑ NM NM √

Common

carp

↔ ↔ ↓ NM NM NM √

Zebrafish ↓ ↑ ↓ NM NM NM √

Nile

tilapia

↑ NM NM ↔ ↑ ↑ NM



Behaviour of non-protected forms

5dpf 
zebrafish



Replacement for adults?
 Exposed to noxious stimuli

 Chemicals - Lopez Luna et al. 2017 J Exp Biol 220, 1451-1458.

 Thermal - Lopez Luna et al. 2017 App. Anim. Behav. Sci. 188, 
97–105

 CO2 - Lopez Luna et al. 2017 App. Anim. Behav. Sci. in press.

 Predator cue, stress, anxiolytics and anxiogenics – Lopez Luna 
et al. 2017 PLoS One, in press.

 Responses reduced by a range of analgesics



Replacement
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Lopez Luna et al. 2017 J Exp Biol 220, 1451-1458.

Acetic acid

0.1% acetic acid



Pain assessment
 Refinement in assessing fish welfare

 Behaviour invaluable

 Health status, humane endpoints, severity of 
procedures, response to other treatments?

 Replace adults with 5dpf zebrafish



Analgesic use in fish
 When to administer?

 How to administer?

 What dose?

 Confounding effects?



Analgesic Dose Species Side effects Efficacy
Lidocaine 1-5mg/L Zebrafish (immersion) None observed Immersion at 2.5-5mg/L

Morphine 2.5-50mg/kg

20µl of 0.2mg/ml

1 & 48 mg/L

Zebrafish (i.m.)

Zebrafish (i.p)

Zebrafish (immersion)

None observed i.m. at 5mg/kg

Effective

Immersion at 48mg/L

Buprenorphine 0.01-0.3 mg/kg Zebrafish (immersion) None observed Immersion at 0.3mg/ml

Aspirin 1-2.5mg/L Zebrafish (Immersion) None observed Immersion at 2.5mg/L

Indomethacin 20µl of 0.2mg/ml Zebrafish (i.p.) None observed Effective

Analgesia in zebrafish



Analgesic Dose Species Side effects Efficacy

Lidocaine 0.1-2mg/kg Trout (i.m.) None observed Very efficient at 1mg
injection site

Morphine 5-50mg/kg Trout (i.m.)
Flounder (i.p.)
Goldfish (i.m.)

None observed Very efficient at 5mg/kg

Buprenorphine 0.01-0.1 mg/kg Trout (i.m.) Reduced activity
No impact on feeding or 
ventilation

Not efficient

Carprofen 1-5mg/kg Trout (i.m.) Depressed activity
Increased ventilation

Reduced time to feed 
using 2.5mg/kg

Butorphanol 0.25-5mg/kg Koi carp (0.4; i.m.)
Dogfish (i.m.)

NS
Koi – improved behaviour

Ketoprofen 1-4mg/kg Koi carp (2; i.m.)
Dogfish (i.m.)

No impact on behaviour 
in Koi

Not efficient

Flunixin 2-8 mg/l (adults)
2-20 mg/l (larvae)

Zebrafish (Immersion) Decreased velocity in 
larvae

8 mg/l slight
improvement of 
behaviour in larvae
Effective in adults

Aspirin 1-2.5 mg/l Zebrafish (Immersion) Increased velocity of 
larvae
Reduced activity

Improved behaviour at 2.5 
mg/l

Bupivacaine 1 mg/l Zebrafish (Immersion) No impact on behaviour Not efficient

Sneddon, 2012; Sneddon, 2003; Sneddon, unpub. data; Harms et al., 2005, Davis et al., 2006; Newby et al., 2006, Newby et al., 2009; 
Mettam et al., 2011, Nordgreen et al., 2009; Schroeder et al., 2017, Lopez-Luna et al., 2017; Lopez-Luna et al., 2017.



Recommendations
 Invasive procedures – use analgesia

 Untested species – lowest effective dose

 Consider possible side-effects

 Immersion – before to after procedure

 Injection (I.M. or I.P. or site) – during procedure



Anaesthetics
 Aids handling, weighing, tagging, surgery, humane killing

 Biological factors such as species, age, sex, body condition 
and weight, developmental stage, growth and physiological 
status, health, and reproductive condition

 Abiotic factors such as water quality, temperature, and 
oxygenation 

 Recovery and euthanasia “good death”

 In UK Schedule 1 – overdose followed by brain destruction 
or exsanguination

 Evidence for avoidance in some species



Monitoring of anaesthesia

Sneddon 2012 J. Exotic. Pet Med. 21, 32-43



Anaesthetics



Humaneness of anaesthetics
 Tests measuring avoidance to low dose

 Conditioned place avoidance

 Recovery

 Physiological stress



Avoidance vs Aversion
Species Water HCl Ethanol Benzocaine Etomidate MS222

Carp No Yes No No Yes No

Fathead 
minnow

No No No No No Yes

Medaka No Yes No Yes No Yes

Zebrafish* No Yes No Yes No Yes

Rainbow 
trout

No Yes No No No No

*Readman et al. 2013 PLoS ONE 8(9): e73773; Readman et al. 2017 Scientific 
Reports 7, 7102.



Avoidance



Figure 1. Image of the 
output from the ViewPoint
software video tracked 
movement of a single adult 
zebrafish during exposure 
to hydrochloric acid (pH 
3.0) viewed from above the 
choice chamber.
Readman et al. 2013 PLoS ONE 
8(9): e73773



Figure 2. Shows the average time (seconds) spent 
in the exposure (red) and control (blue) lanes for 
each experiment (± SE, n = 10), ranked by aversion 

(highest to lowest) for the anaesthetics.



Wong et al. (2014) 
Conditioned Place Avoidance of 
Zebrafish (Danio rerio) to Three 
Chemicals Used for Euthanasia 
and Anaesthesia. 
PLOS ONE 9(2): e88030. 





International survey on the use and welfare of zebrafish Danio rerio in research

Lidster et al. 2017. Journal of Fish Biology, 90, 1891-1905



International survey on the use and welfare of zebrafish Danio rerio in research

Lidster et al. 2017. Journal of Fish Biology, 90, 1891-1905

Not important
Extremely 
important



After effects of MS222

Nordgreen et al.(2014) PLOS ONE 9(3): e92116. 



Recovery, CPA and Euthanasia



Recovery and Euthanasia
 Concussion (E)

 Benzocaine (100; 150 mg)

 MS222 (100; 200 mg)

 2-Phenoxyethanol 
(Aquased 2; 6 ml)

 Etomidate (5; 10 mg)

 Eugenol (100; 200 ml)

 Low (R) and high 
concentrations (E)

 25 l vessel with lid

 Water from system

 Same temperature

 Aerated

 Opercular beat rate

 Time to lose equilibrium, 
slow and no OBR, to death 
(E), loss of reflex response 
(tail pinch) and then 
cortisol immediately, 1 and 
2 h afterwards



Euthanasia
 No difference in plasma 

cortisol between 
concussion and overdose 
of any drugs

 Etomidate longer 
induction



Recovery

Pounder et al. 2018. Appl. Anim. 
Behav. Sci.  199, 94-102



Conditioned Place Avoidance
 Home tank split into two 

by partition
 Doorway allowed 

swimming between
 Fed in one side left or right 
 Developed CPP
 Anaesthetised in preferred 

side
 Held in vessel for 1h then 

returned and fed
 Latency to return and feed
 Water and plasma cortisol 

 Trout very calmly went 
under anaesthesia

 No differences in the 
latency of return to the 
positive conditioned side 
(H = 3.00, p = 0.558) or in 
the time taken to resume 
feeding (H = 2.48, 
p = 0.648).

 MS222 higher plasma 
cortisol at 2h

 2-phenoxyethanol lowest 
cortisol



Combination anaesthesia
 If drugs are avoided – can we use lower doses in 

combination?

 Routinely done in medical practice

 Propofol/lidocaine in zebrafish 2.5/50μg/ml P/ L

 Valentim et al.(2016) PLoS ONE 11(1): e0147747. 

Equilibrium Tail pinch Painful stimulus       

MS222 MS222 MS222



Novel Compounds
Essential oils and plant 
extracts in gilthead 
seabream

Comparison with 3 
anaesthetic drugs

Survival and genotoxicity 
(DNA damage)

Cinnamon was evaluated as 
an equal competent 
anaesthetic agent satisfying 
the criteria of the ideal 
anaesthetic, reducing DNA 
strand breakage and 
indicating anti-stress, anti-
genotoxic and geno-
protective effect

Golomazou et al. 2016. Aquaculture 464, 673-682.



Non-chemical method
 Electrosedation

 Largemouth bass – increased glucose and lactate; 
pallid sturgeon – higher plasma osmolality

 Grass carp, cobia, hybrid striped bass – acute stress 
response

 Orientation to electrodes affects recovery in bluegill 
pulsed DC with a standardized frequency (100 Hz), 
voltage (90 V), and shock duration (3 s)



Electrosedation

Rous et al. 2015. Transactions of the American Fisheries Society 144, 820-828, 

http://onlinelibrary.wiley.com/doi/10.1002/tafs.2015.144.issue-4/issuetoc


Non-chemical method
 Electrosedation

 Largemouth bass – increased glucose and lactate; 
pallid sturgeon – higher plasma osmolality

 Grass carp, cobia, hybrid striped bass – acute stress 
response

 Orientation to electrodes affects recovery in bluegill 
pulsed DC with a standardized frequency (100 Hz), 
voltage (90 V), and shock duration (3 s)

 Electrical stunning – cod, herring – followed by a 
secondary method



Recommendations
 Long term impact of anaesthetics?

 Repeated anaesthesia?

 Novel compounds and electrosedation?

 Most humane methods – avoidance versus analgesia

 Home tank preferable

 Euthanasia



Fish Euthanasia
Guidelines Research

 UK Schedule 1 – overdose

 Concussion followed by 
destruction of the brain before 
the return of consciousness

 AVMA 2013 –CO2-saturated 
water, decapitation, cervical 
transection, concussion followed 
by pithing, rapid chilling

 CO2 saturated water excites 
nociceptors in trout (Mettam
et al. 2012 J. Exp. Biol. 215, 
685-693.)

 Euthanasia in iced water less 
stressful and quicker than 
overdose in zebrafish (Wilson 
et al. 2009 JAALAS 48, 785-
789). Only small tropical sp.



Euthanasia of zebrafish
 Small tropical species – overdose using MS222 or ice 

bath (Matthews & Varga 2012, ILAR J 53, 192-204)

 Comparison of MS222 and ice (<10 s; Wilson et al. 
2009, JAALAS 48, 785-789)



Euthanasia in fish
 More research required e.g. species specific responses, 

humaneness of immersion anaesthetics, abiotic and 
biotic factors

 Public health
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