Carbon D oxi de Use for Euthanasia of Laboratory Aninals
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Victorian Animal Ethics Commttees should consider when making
recomrendations to their institutions.
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Summary:

The literature on the wuse of carbon dioxide for inhalation euthanasia of
| aboratory animals can be considered separately for rodents and poultry. It

di scusses neasurenent of aversion to carbon dioxide at different concentrations
and with different methods of use, the inportance of wuser training and the
variation anongst exi sting international gui del i nes. Recent literature
recommends the use of halothane for rats and enflurane for nice as the nost
humane met hods of inhal ation euthanasia. For chickens a mixture of 60 % argon
and 30% carbon dioxide mxture in air is considered to be the nobst humane net hod
of inhal ation euthanasi a.

The Victorian Code of Practice for the Housing and Care of Laboratory M ce,
Rats, Quinea Pigs and Rabbits states that euthanasia by inhalation for rats and
mce using carbon dioxide is an ‘acceptable’ nmethod. The use of hal othane,
i soflurane and nethoxyflurane is stated as ‘acceptable with reservations’. The
reservations are based on occupational health and safety considerations that can
be overcome with the use of appropriate scavenging equipnent. Based on the
literature, the promption of the use of these inhalation agents as the preferred
met hod of euthanasia is advisable.

A table of recommendations of various euthanasia nethods for adult rodents and
experinmental needs based on existing literature is provided. The literature al so
i ndi cates that gaseous euthanasia in the honme cage anongst faniliar conspecifics
has a neasurabl e wel fare benefit.

I ntroduction

Carbon dioxide is commonly used to euthanase adult rats, mce and chickens in
the laboratory setting, the focus species of this review Its use is a subject
of debate within the animal research conmunity. Human studies report that carbon
dioxide inhalation is adversive, with a |inear relationship between
concentration and distress and/or pain sensation at concentrations ranging from
7- 1009 HSUS 2002). This has raised concern as to the humaneness of the use of
carbon dioxide for animls, which has been the subject of nunerous studies and
recent literature reviews.

Scientific Literature On The Use and Effects OF Carbon Di oxi de

Revi ewi ng the actual physiological nechani sm of excessive carbon dioxide helps
to understand the associated clinical signs, which may vary between species and
i ndividuals to some degree. The prinmary nechani sm of anaesthesia and death is
the direct action of carbon dioxide on vital systens (Pritchett et al, 2005).
Sinmplified, the gas nolecule essentially diffuses into the blood, body and brain
fromthe lungs. Faced with excessive levels of the gas, the inherent capacity of
the blood to buffer for carbon dioxide is overwhelned and results in acidosis
(the lowering of the pH of the blood and associated fluids). Low to noderate
concentrations of carbon dioxide (ranging from 5-35% Conlee et al, 2005) cause
mld respiratory acidosis leading to a conpensatory increase in depth and rate



of respiration in an effort to ‘blow off’ the excess carbon dioxide
(hyperventilation), changes in heart rate and blood pressure. Hi gher
concentrations then lead to nore profound respiratory acidosis, suppressing the
respiratory centres of the brain leading to a slow, gasping respiratory pattern

W t hout the buffering capacity of blood, the pH of the cerebrospinal fluid (CSF)
drops precipitously which is directly related to anaesthetic depth and
subsequent insensibility to pain, stupor and finally unconsci ousness and death.
In addition, another nechanism is the acidosis-induced depression of heart
muscl e, precipitating heart arrhythm as and failure.

O welfare interest, however, is the duration and effect prior to insensibility
and unconsci ousness (ie. anaesthesia). A nunber of articles refer not only to
the sensation and signs of respiratory distress and asphyxia (including sone
hi stol ogical indications of a state simlar to conscious drowning) but also to
the acidification of nucous nmenbranes (eg. eyes, nouth, respiratory). The
particular sensory capacity of nasal nucosa associated wth degrees of
di sconfort and pain is reported in humans and aninmals (Conlee et al 2005).

The literature on the use of carbon dioxide in rats and mce differs to that of
chi ckens due to behavioural differences between rodents and chickens and al so
the nethods of killing of poultry for food production. Methodol ogical
limtations create the tendency to compare various inhalation agents, rather
than to conpare other methods of euthanasia or aspects of the euthanasia
process. The earlier studies involving rodents vary in the nethods used to
assess welfare whereas the npbst recent and vigorous studies include exploratory
behaviour in order to gain insights into the | east aversive agents.

In conparison the literature on chicken euthanasia is nobre extensive due to
their use as a food producing species. The nature of the research is nostly

applicable to the food industry but still useful when considering the | aboratory
setting. This |literature has noved beyond behavioural indicators, which
indicated that carbon dioxide is aversive. It «currently focuses on the
effectiveness of |l ess aversive agents and mixtures using spontaneous

el ectroencephal ograns (EEGs) and somatosensory evoked potentials (SEPs) as
i ndi cators of |levels of consciousness and the establishnment of death.

Rodent s

Rodent studies have investigated behavioural, physiological and histol ogical
changes associated with carbon dioxide use. They have exam ned the effects of
different concentrations, adding oxygen and the use of pre-filled chanbers
versus gradual induction. Observations that may be consistent with pain and/or

distress that have been reported with carbon dioxide use include: increased
| oconption, excitation and serious agitation, increased rearing, defecation and
urination, irritation of nmucosal nenbranes (including frequent washing),

hyperventil ation, gasping and ‘heads turned upwards and backwards’. These signs
generally increase in frequency and intensity with the increase in concentration
of carbon dioxide from 25-100% until anaesthesia is induced. Studies
consi dering histological effects are conprehensively reviewed in Conlee et al
2005.

Recent literature on rats and mice concludes that carbon dioxide is the |east
preferred inhalation agent when conpared to hal othane, isoflurane, enflurane
desfl urane, sevoflurane and argon. These speci es show aversion to carbon di oxide
at concentrations high enough to cause a loss of consciousness. Variations in
use including humdification, mxture with argon or oxygen, the use of pre-
filled chanmbers versus gradual increase in concentration all failed to renove
the aversive effects (Leach et al 2002a; Leach et al 2002b). The degree of
averseness of the previously nmentioned inhalation agents was established by
evaluation of the wllingness of rodents to enter and dwell in chanbers
contai ning these agents. The only agents the authors concluded were non aversive



are hal ot hane and sevoflurane for rats. Al of these inhalation agents had sone
degree of aversion in the case of nmice. The authors concluded (Leach & Morton
2004) :

‘ Theref ore, based on the findings of these studies the
recommended anaesthetic agent for rats is halothane and for nice
is enflurane as at appropriate concentrations they induced a
rapid and effective induction with the m ninmum of distress. The
recommended nmethod of euthanasia using a single agent would be

argon. However, inducing unconsciousness with a volatile liquid
anaesthetic (eg halothane and enflurane) and subsequently
rapidly killing with carbon dioxide after the animals are

unconsci ous can be considered nore humane than argon alone. As
once an aninmaml is unconscious then exposure to carbon dioxide
which is an effective killing agent, is not a welfare issue.’

Al t hough outside the scope of this report, the inpact on aninmal welfare by the
manner in which inhalation agents are used is deserving of attention. There is
evidence to suggest that the use of the home cage and inclusion of a faniliar
conpani on ani mal nmay offer a significant wel fare advantage during the euthanasia
process (Maguire & Arthur 2003). This is consistent with the broader literature
on stress in animals. The use of telemetry and new technologies may see
i ncreased research specifically investigating these sorts of parameters during
the eut hanasia process (WIIlians 2004).

Chi ckens

The speci ali sed anatomnmy and physi ol ogy of the avian respiratory system which is
hi ghly adapted for efficient gaseous exchange, makes poultry extrenely sensitive
to inhaled gases and therefore nmakes it vital that inhalation nethods are
denmonstrated to be humane. Carbon dioxide in older and adult birds is currently
still a commonly used technique for the euthanasia of |arge nunbers of poultry,
al though not permitted in UK slaughterhouses since 1995 (NCCAW 2005). There is
substantial recent international review of controlled atnospheric stunning (CAS)
techniques, a comercial killing practice of chickens which provides an
alternative to the nbst comon process involving electrical stunning or the use
of carbon dioxide alone. There are a nunber of types of gas nixtures that stun
birds by different mechanisms involving various conbi nations of carbon di oxide,
inert gases (Argon or N trogen) and oxygen or air, and the mxtures nust be
carefully controlled. Choosing between these m xtures is arguably one of the
nost contentious questions about CAS (Wat hes 2004).

The use of EEG and SEP technol ogy has provided evidence to suggest that carbon
di oxide inhalation is nore aversive to chickens than argon and argon-carbon
di oxide mxes (Raj et al 1998). The use of 90% argon in air results in greater
time to isoelectric EEG and cessation of SEPs consistent with |oss of
consci ousness and death conpared to 60% argon and 30% carbon dioxide in air.
Resi dual oxygen |evels when euthanasing chickens with 90% argon in air are
critical as levels of greater than 2% oxygen can increase the tinme to death and
decrease nortality rates substantially (Raj & Whittington 1995). This critical
effect of residual oxygen does not occur in the 60% argon and 30% car bon di oxi de
in air mxture when euthanasi ng batches of chickens (Raj et al 1992).

There are however, still sonme differing opinions on the interpretation of sone
wel fare indicators of inhalation euthanasia of chickens. Mst experts and recent
studies consider specific behaviours such as gasping, head shaking, w ng
flappi ng, defecation as indicators of aversion, but some still consider them
aut onomous (i nvoluntary) responses. Further research results are pending. It is
al so hoped that a new statistical technique, validated in human anaesthesia may
provide further information of the conplex EEG wave and its extent to which it
i ndi cates | evel of consciousness (Wathes 2005).



Gui del i nes, Codes and Scientific Review Bodi es

The Australian Code of Practice for the Care and Use of Animals for Scientific
Pur poses advi ses that decisions regarding the animal’s wel fare nust be based on
the assunption that where pain and distress cannot be easily evaluated in
animals, it nust be assuned that aninmals experience pain in a simlar manner to
humans unl ess there is evidence to the contrary. This principle is in line with
the U.S. Public Health Service Policy on the Humane Care and Use of Laboratory
Animals. In light of these policies and the reviewed body of scientific
literature, various international guidelines would appear to be in conflict on
the use of carbon dioxide as a sole euthanasia agent as follows:

The 2001 Australian and New Zeal and Council for the Care of Animals in Research
and Teachi ng (ANZCCART) guidelines on the Euthanasia of Animals for Scientific
Pur poses recommends the use of carbon dioxide with specialised equipnent for
rodents, preferring gradual induction but acknow edging and accepting the
variation in information and thus nethodol ogy of carbon dioxide use. Based on
these guidelines, the Australian Veterinary Association (AVA) policy also
currently ‘approves’ such carbon dioxide application. The American Veterinary
Medi cal  Association (AVMA) 2000 Panel Report on Euthanasia reconmends
unreferenced) 70% CO2 in a pre-filled chanber for the euthanasia of rodents,
simlar to a 1996 European Commission report. The UK Hone Ofice Code of
Practice (1997), which is currently being reviewed, indicates that carbon
dioxide is appropriate only for rodents, rabbits and birds up to 1.5 kg and
recommends exposure to a rising concentration. The UK University Federation of
Ani mal Welfare (UFAW and Canadi an Council for Animal Care (CCAC) acknow edge
that neither slow nor swift carbon dioxide induction is stress-free (HSUS 2002).
One author coments on behalf of 2 independent scientific review comrittees
(Morton, 2005):

‘the overwhel mi ng consensus of published work in animals including
humans shows clear evidence of aversion. This is the view arrived
at by both the EU European Food Standards Authority’'s Scientific
Panel on Animal Health and Welfare as well as the UK s Farm Ani ma
Wel fare Council’.

McDonal d’s Aninmal Welfare Team have also recently considered the scientific
literature concerning the existing nmethods of stunning and sl aughter of poultry
and is noving towards the use of controlled atnospheres using inert gases
(McDonal d’s 2005). The (Australian) National Consultative Committee for Aninal
Wel fare revi ewed nethods of poultry euthanasia in 2005. This report acknow edges
that there is an increasing discrepancy between the npbre recent scientific
literature and sonme international policies and reconmendati ons ( NCCAW 2005).

Concl usi ons:

The evidence of distress and aversive responses associated with the use of
carbon dioxide as an anaesthetic agent or as a sole agent for the euthanasia of
| aboratory animals is considered conclusive by a number of independent review
bodi es and recent scientific studies. Leach et al (2004) specifically conclude
that exposing rats and mce to carbon dioxide in any form either for
anaesthesia or for euthanasia, is likely to cause considerable pain and distress
and is therefore unacceptable when efficient and nore humane alternatives are
readily avail abl e.

It is recomended that carbon dioxide be coupled with inhalant pre-anaesthetic
gases, such as isoflurane, halothane or methoxyflurane if used for euthanasia.
The use of other gaseous conbi nations for euthanasia of rodents or chickens, as
di scussed, are also preferred over the sole use of carbon dioxide. It should be



noted that argon/oxygen/air and various argon/carbon dioxide gas mxtures are
comercially available from BOC Gases Ltd.

Proper training of personnel in all techniques involving euthanasia is also
fundamental . Inportantly the welfare of rodents and chickens undergoing
i nhal ation euthanasia could be further enhanced by drafting institutional
recommendations as to what constitutes preferred practical procedure(s).

In summary, it is recommended that the scientific community carefully reconsider
the routine use of carbon dioxide as a sole agent for anaesthesia or euthanasia
and adopt these nobre humane practices wherever possible.

Tabl e conparing recommendations for various euthanasia nethods for rodents,
based on existing literature (HSUS 2002, Conlee et al 2005).Note this table does
not include the use of injectable anaesthetics or barbiturates for euthanasia

which are considered acceptable by the Victorian Code of Practice for the Housing
and Care of Laboratory Mce, Rats, Guinea Pigs and Rabbits.

co2 *Pre- Argon/ Q2 | **Decapitation | Cervical
al one | anaesthetic Di sl ocati on
&Co?2
Lar ge nunbers | No Yes Yes No No
surpl us rodents
Few noder at e No Yes Yes No Yes***
nunbers of rodents
on experinents
Few noder at e No No Maybe When Justified | Yes***
nunbers of rodents
wher e no
cont ami nati on is
permtted

*Pre-anaesthetic refers to the gaseous agents, as nentioned in the conclusion,
wi th appropriate scavengi ng equi pnent.

** Decapitation produces a quicker |oss of consciousness (3-6 seconds) than sole carbon
di oxide use. Wth regard to the adverse inpact on the aninal, however, the entire
process from handling to execution nust be considered. This nethod may be considered
acceptable to be carried out by trained personnel for a snall nunber of snmall rodents
and chi ckens where other resources are currently unavail able (Conlee et al, 2005).

*** Authors’ note: The original table does not recomrend cervical dislocation for any
category. There is limted published information on cervical dislocation, but it is
accepted that this nethod does not induce instantaneous unconsciousness and is very
reliant on operator technique and skill (Gegory and Wtton, 1990). In conbination with
this discussion and the Victorian Code of Practice for the Housing and Care of
Laboratory Mce, Rats, Quinea Pigs and Rabbits, cervical dislocation may be considered
acceptable for small nunbers of rodents less than 150 grans conducted by a skilled
operator.
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