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Module K

Euthanasia of experimental animals
Introduction

The Animals (Scientific Procedures) Act 1986 requires that at the end of a series of regulated procedures, the animals used be killed. In addition, animals should be killed if they are suffering severe pain. Animals may also be killed if they have reached the end of their breeding life, or if tissues and blood are required. Killing an animal is always an unpleasant task for the operator, but it does not have to be unpleasant for the animal, provided it is carried out competently, swiftly, and humanely.

The 1986 Act states that ‘an animal shall be regarded as continuing to live until the permanent cessation of the circulation or the destruction of the brain’. The Act imposes restrictions on the methods of killing which may be employed for experimental animals, or any stock animals of a species listed in schedule 2 which are surplus to requirements. Schedule 1 to the Act lists standard methods of humane killing. Killing an animal using a method listed in Schedule 1 for that particular type of animal is not a regulated procedure. If a method of killing is used which is not in Schedule 1, then it becomes a regulated procedure, and must be authorised on both project and personal licences. 

It may be possible for an establishment licence holder to request permission from the Home Office to have non-schedule 1 methods listed on the Establishment Licence, if these methods can be shown to be at least as humane as those listed in schedule 1. Methods so authorised then do not need licence authority.  

General considerations
It is important to minimise fear and distress as much as possible. Animals must therefore be handled carefully, with gentle restraint. Euthanasia should always be performed in the absence of others, and traces of one animal removed before introducing another, so as not to cause distress through pheromones. The operator must be competent in the method to be used, and fully trained in the use of any equipment. An appropriate method should be selected, then death confirmed prior to disposal of the carcase. 

Choice of methods

Factors to consider include the requirements of experiment, the species – weight, age, developmental stage, the equipment available, the expertise of the operator, and the legal constraints (Schedule 1). 
Preparation for humane killing

Humane killing requires a certain amount of preparation. Points to be considered are:

1. Practice. You must be suitably trained and competent in the methods you will be using. 

2. Handling. Animals must be handled carefully and competently without causing them distress until unconsciousness has occurred.  You must be trained and competent to hold animals properly and securely. Some methods of killing may require two or more people to hold the animal.

3. Location. If an animal is frightened but conscious it may exhibit show behavioural responses such as vocalisation, urination, or defaecation. Any fear or distress can be communicated by sound or smell to other animals causing distress. It is most important that animals are removed to another room away from the group before they are killed.

4. Equipment. Some methods of killing require equipment. It is essential to make sure that any equipment is clean, prepared and ready for use at the start, and that you are fully trained and competent to use it. 

Schedule 1 methods

A licence is not required to kill animals is, but competence is. Before conducting humane killing, whether under schedule 1 or as a regulated procedure, you need to be listed on the Schedule 1 register at your establishment  – you will need to discuss this with your NACWO. 
The aim of any method is to produce unconsciousness, swiftly followed by cardiac and respiratory arrest
Schedule 1 is in two parts. Paragraph A describes methods suitable for animals other than fetal, larval and embryonic forms, and paragraph B methods for fetal, laval and embryonic forms. 

A: Animals other than foetal, larval and embryonic forms

Overdose of anaesthetic, using a route and agent suitable for the species and size of animal. 

This method is considered to be suitable for all animals. For injection, the drug of choice for euthanasia is pentobarbitone. It is preferable to give it intravenously for the most rapid action. In the smaller species it may be administered intraperitoneally. Pentobarbitone must not be given intramuscularly as it is very irritant to the tissue.
For inhalation, the animal is exposed to a high concentration of a volatile agent. Ideally, this is used in an induction chamber. Unconsciousness usually occurs quite rapidly but death may take rather longer.  It is 
important to ensure that the animal is left in the chamber for long enough, and to confirm that it is dead, since if it is removed too soon and allowed to breathe room air, it may recover.  The chamber should cleaned between batches of animals.

For immersion, agents such as tricaine methanesulphonate (MS 222) which is then absorbed percutaneously.  The animal must be left in the solution for an adequate length of time to ensure that death has occurred when it is removed.

Exposure to carbon dioxide

Schedule 1 restricts the use of carbon dioxide to the killing of rodents (but not neonates less than 10 days of age), rabbits and birds up to 1.5kg in weight. The concentration of carbon dioxide used for euthanasia must be rising, otherwise the inhalation of high concentrations of carbon dioxide causes pain. Carbon dioxide is aversive to breathe, and animals killed by this method frequently exhibit epistaxis and damage to the nasal mucosa. If animals huddle together some animals may be held in pockets of air and avoid the gas. 
Physical methods 

These methods should cause immediate loss of consciousness through physical trauma to the brain. If carried out properly, they are often more humane than some chemical methods, since death is very quickly achieved. It is essential to practise on dead animals, before carrying out these methods on live animals to ensure competence. 

Dislocation of the neck may be used for rodents up to 500g, rabbits up to 1kg, and birds up to 1kg. 

Concussion may be used on rodents and rabbits up to 1kg, birds up to 250g, amphiboa and reptiles up to 1kg, and fishes.  
Recognised methods of slaughter: 
Ungulates may be killed under Schedule 1 by one of the standard methods of slaughter, such as use of a free bullet, a captive bolt, or electrical stunning followed by destruction of the brain or exsanguination.  These methods are controlled by other pieces of legislation and are only available to those who have been appropriately trained and licensed.

B: Foetal, larval and embryonic forms. 

Overdose of anaesthetic 

This may be used for all animals. In large fetuses or embryos, anaesthetics may be given by the intravenous or intraperitoneal routes, smaller animals and larvae may be immersed in anaesthetics. 

Refrigeration, disruption of membranes, maceration or exposure to 100% carbon dioxide.

These methods can be used for birds and reptiles. In birds, cooling to below 4oC is effective, but reptile embryos are resistant to hypothermia and hypoxia, so death must be ensured by overdose of anaesthetic, maceration or immersion in tissue fixative.

Cooling followed by immersion in fixative 

Mouse, rat and rabbit fetuses may be chilled until movement has stopped, then immersed in cold (4oC) tissue fixative.

Decapitation 

This is a humane and quick method that can be used for mammals and birds up to 50g weight, using a strong pair of sharp scissors. 

Confirmation of death and disposal of carcases

After carrying out any method of killing it is vital to check that the animal is dead before disposing of the body. Thus the process of killing must be completed by one of the following six methods, regardless of the initial method used:

1.  Confirmation of permanent cessation of the circulation, e.g. by severing the major vessels. 

2.  Destruction of the brain with a permanent loss of brain function. 

3.  Dislocation of the neck

4.  Exsanguination

5.  Onset of rigor mortis.

6.  Mechanical disruption by instantaneous destruction of the body in a macerator.

Further information on methods of humane killing can be found in the Home Office Guidance.
Other methods of killing
Other methods of killing may be employed if there is a scientific need. These will require authority on both personal and project licences.

Microwaves can be used to fix brain metabolites without losing anatomical integrity. Specialist apparatus is required. 

Electrical stunning is used in ungulates under schedule 1, but may also be used for other species such as poultry or rabbits. It requires specialist equipment, and death must be confirmed using another method. 

Pithing may be carried out in unconscious fish, amphibia or reptiles. A sharp needle is inserted through the foramen magnum and agitated to destroy the brain. This requires technical skill in order to ensure rapid death, and must NOT be carried out in conscious animals.

Rapid freezing. Liquid nitrogen is used in situ or following decapitation to freeze the brain. The animal must be rendered insensible first, as it can take up to 90 seconds to freeze deep structures. 

Decapitation. This may not be humane in conscious animals, because of the length of time it takes for the decapitated head to lose consciousness, particularly in cold blooded vertebrates. 

Summary
Euthanasia must ensure death without producing pain and with minimal distress to the animal. The time required to produce loss of consciousness must be as short as possible, and be followed quickly by death. The method must be reliable and non-reversible,  there must be minimal psychological stress to the operators and any observers, it must be safe, and in particular it must be compatible with the requirements of the experiment.

Euthanasia is not necessarily the most difficult part of the procedure for the animal, indeed if carried out competently it can be easier for the animal than any parts of the procedure that may have caused pain, suffering or distress.  However, euthanasia is frequently the most difficult part for the researcher, particularly if the animal has been used on a long term project and is one of the higher species.   By becoming a personal licence holder you must accept that you are responsible for taking that animal's life, and feeling compassion is a necessary part of that responsibility. Whichever method of humane killing is chosen, it is very important to be confident and competent to carry it out swiftly and humanely. However, if there is any hesitancy, animals may experience unnecessary distress. No-one should be expected to carry out a method of humane killing with which they are not comfortable. So, if in doubt, don’t do it.   
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