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Euthanasia of Neonatal Rats and Mice using 
Carbon Monoxide

Debra L Hickman1,2,*

Minimization of potential pain and distress of rodents undergoing euthanasia is a touchstone of veterinary clinical medi-
cine. Evaluation of this issue in postweanling rodents has supported revisions to the AVMA (American Veterinary Medical 
Association) Guidelines on Euthanasia in 2020. However, relatively little information is available on humane aspects of 
anesthesia and euthanasia in neonatal mice and rats. These neonates are not reliably euthanized by exposure to commonly 
used inhalant anesthetic agents due to their physiologic adaptations to hypercapnic environments. Therefore, options such 
as prolonged inhalant anesthetic gas exposure, decapitation, or use of injectable anesthetics are recommended for neonates. 
All of these recommended methods have operational implications, ranging from reported job dissatisfaction by animal care 
staff to rigorous reporting requirements associated with the use of controlled substances. This lack of a euthanasia method 
that does not entail operational issues hampers the ability of veterinary professionals to provide appropriate guidance to 
scientists working with neonates. This study was designed to assess the effectiveness of carbon monoxide (CO) as an alter-
native euthanasia agent for mouse and rat pups on postnatal days (PND) 0 to 12. The study demonstrates that CO may be a 
potential alternative for preweanling mice and rats at PND6 or older but is not appropriate for neonates at PND5 or younger.

Abbreviations and acronyms: CO, carbon monoxide; PND, postnatal day
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Introduction
Minimization of potential pain and distress of rodents 

undergoing euthanasia is a touchstone of veterinary clinical 
medicine. Substantial resources have been allocated to the 
evaluation of this question in postweanling rodents,9,11,12 re-
sulting in revisions to the AVMA Guidelines on Euthanasia in 
2020.2 However, relatively little information is available on the 
humane aspects of anesthesia and euthanasia of neonatal mice 
and rats. These young animals are not reliably euthanized by 
exposure to commonly used anesthetic agents due to their physi-
ologic adaptations to hypercapnic environments.6,7,8 Therefore, 
options such as prolonged gas exposure, decapitation, or use 
of injectable anesthetics are recommended for neonates. All of 
these recommended methods have operational implications, 
ranging from reportedly greater job dissatisfaction by animal 
care staff to the rigorous requirements associated with the use of 
controlled substances. This lack of a humane euthanasia method 
that does not involve operational constraints hampers the ability 
of veterinary professionals to provide appropriate guidance to 
scientists working with neonates. Thus, alternative methods are 
needed for euthanasia of preweanling, altricial rodents.

Carbon monoxide (CO) has been used to euthanize a wide 
variety of species (for example, poultry, piglets, dogs, cats, and 
mink).1 It is a highly toxic, odorless, and colorless gas that kills 
via induction of hypoxia. When inhaled, CO binds to hemo-
globin, forming a highly stable carboxyhemoglobin molecule 
that competes with oxygen in the blood for binding to the same 
heme group of hemoglobin. On initial exposure, people report 

headache and fatigue. With higher concentrations or prolonged 
exposure, loss of consciousness and cardiorespiratory arrest 
follow.1 However, CO exposure is not associated with distress 
or pain. Homes and businesses are encouraged or mandated to 
maintain CO alarms that can alert inhabitants to the presence of 
toxic levels before unconsciousness occurs.5 Initial assessment of 
the responses of rats to CO suggests that it is not highly aversive, 
especially as compared with carbon dioxide,4 although findings 
in mice were less conclusive.3

The high toxicity of CO has led to reluctance to consider it 
as an alternative method for animal euthanasia. After lengthy 
conversations with colleagues in the Purdue University School 
of Engineering and representatives of the Indiana University 
Environmental Health and Safety (EHS) group regarding the 
possible use of CO, we determined that CO toxicityis a manage-
able risk. Our discussions indicated the value in determining 
whether low concentrations of CO can provide a safe, effective, 
and irreversible method of euthanasia for preweanling rodents. 
It should be noted that both carbon dioxide and isoflurane have 
potentially significant animal welfare and personnel safety 
concerns.

This study was designed to assess the effectiveness of CO as 
a euthanasia agent for preweanling rats and mice. We hypoth-
esized that CO gas would be better than carbon dioxide and 
halogenated anesthetics in providing a humane euthanasia 
for altricial neonates because the binding of heme by CO was 
expected to cause consistently rapid death in these animals.

Materials and Methods
As reported previously for carbon dioxide,67 we used the fol-

lowing procedures. Neonatal rats were placed in groups of 2 to 
6 (depending on number of available neonates) into a clear glass 
container (pint canning jar [5 in. tall × 3 in. in diameter]; Ball Pint 
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Mason Jars, Ball, Broomfield, CO) with a lid modified to allow 
placement of a 0.5-in. plastic tube and two 2-mm (about 0.08-in.) 
holes to prevent over-pressurization of the container (Figure 1). 
CO (8% in room air; custom blend by Praxair, Indianapolis, IN) 
flowed continuously into the container at 0.75 L/min. To place 
the neonates into the jar, they were placed just within the neck 
of the jar, then the jar was gently tipped to arrange the neonates 
so that they were dispersed along the glass, with the jar laying 
on its side. The concentration of 8% was selected based on 
review of the literature, which indicated that concentrations of 
6 to 12% were used for the euthanasia of other species.1 These 
procedures were repeated for neonatal mice, which were also 
placed in the euthanasia container in groups of 2 to 6. The 
experimental unit was each individual neonate. All activities 
were performed in a fume hood with CO sensors placed at the 
sash for the protection of personnel. If a sensor was triggered, 
the CO was immediately turned off and the space vacated until 
the alarm stopped. At that point, the apparatus was assessed to 
ensure that connections were set up appropriately.

The neonates were assessed visually for movement, appar-
ent consciousness, and respiratory activity to ensure that death 
had occurred prior to their removal from the container. After 
removal from the container, the neonates were placed on a 37 °C 
surface and monitored for 20 min for signs of recovery from CO 
exposure such as breathing, return of pink color, or movement. 
Neonates were initially exposed to CO for 5 min. Any neonate 
that recovered was immediately euthanized by decapitation 
with sharp scissors. If any neonate from any age group recov-
ered, the trial was scored as a fail, and the CO exposure period 
was lengthened by 30 to 60 s, and another group of that age was 
tested. If no animals recovered, the trial was scored as a pass, 

and that duration treatment was repeated until 40 neonates 
had been successfully euthanized with this exposure time to 
the CO. Exposure times ranged from a minimum of 5 min to 
a maximum of 30 min. We assessed neonatal rats and mice at 
13 ages, ranging from the day of birth (PND0) to 12 days after 
birth (PND12).

Experimental design. When an exposure time was identified 
that resulted in death of 40 neonates of a particular age group, 
2 more exposure times (at least 30 to 60 s longer than the initial 
successful exposure time) were assessed to identify the useful 
range of exposure times to ensure death for that age of neonate. 
For example, if 5 min of CO exposure resulted in the death of 
40 neonatal mice, 5.5 and 6 min were also assessed for an additional 
40 neonates for each exposure time. If all 40 neonates were also 
died after these exposure times, data collection was stopped, 
and the appropriate exposure time was noted as 5 to 6 min.

Animals. Care was taken to distribute the different stocks, 
strains, and ages across all exposure times to avoid inappropri-
ate weighting of any given exposure time. To accomplish this, 
each cage of rats or mice used from a given colony and age 
would be assigned a different exposure time until all times had 
representation from that colony.

To reduce the overall number of animals used on this study, 
we partnered with our researchers to establish breeder pairs 
from animals that were scheduled for euthanasia and to use their 
offspring. Although using surplus animals from our breeding 
colonies would have been preferable, the generation of trans-
genic mice does not facilitate this option. Because genotyping 
typically does not occur until PND 10 to 14, most “surplus” 
mice (for example, those of the undesirable genotype) would 
be too old for use in this study. Therefore, we had to generate 
most of the litters to obtain pups of the correct age. However, 
over 70% of the breeding colonies on campus were managed 
by the animal care staff. This gave us a unique opportunity to 
refine our use of animals. We worked closely with the breeding 
colony management team to identify and divert neonatal mice 
scheduled for euthanasia before 12 d of age (for example, unin-
tended litters) whenever possible to reduce the overall number 
of animals produced specifically for this study. We were able 
to obtain approximately 25% of the animals used for this study 
through this collaboration.

The breeding mice were pair-housed in IVC (Alt Design; 
Siloam Springs, AR) with corncob bedding (Bed-O-Cobs; The 
Andersons, Maumee, OH) and nesting materials (Enviro-Dri; 
Shepherd Specialty Papers, Milford, NJ). The mouse colonies 
were screened quarterly using indirect sentinels. At the time 
of the study, the colonies were free of the following pathogens: 
Sendai virus, pneumonia virus of mice, mouse coronavirus, 
parvoviruses (mouse parvovirus 1 and 2 and mouse minute 
virus), murine rotavirus (EDIM), mouse adenovirus 1 and 2, 
ectromelia, GDVII, reovirus, lymphocytic choriomeningitis 
virus, Clostridium piliforme, Mycoplasma pulmonis, pinworms 
(Aspicularis tetraptera, Syphacia spp.), and fur mites (Radfordia 
ensifer, Ornithonyssus bacoti).

The breeding rats were pair-housed in IVC (Alt Design, 
Siloam Springs, AR) with hardwood bedding (Sani-Chip; PJ 
Murphy Forest Products, Montville, NJ) and wood gnawing 
blocks (BioServ, Fleminton, NJ). The rat colonies were also 
screened quarterly using indirect sentinels. At the time of 
the study, the colonies were free of the following pathogens: 
coronavirus (sialodacryoadenitis virus), parvoviruses (NS1, 
rat pneumonia virus, Kilham rat virus, H1 virus, rat minute 
virus), theliovirus, Clostridium piliforme, Mycoplasma pulmonis, 

Figure 1. Experimental setup including clear glass pint jar with lid 
and CO meter.
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pinworms (Aspicularis tetraptera, Syphacia spp.), and fur mites 
(Radfordia ensifer, Ornithonyssus bacoti).

All rodents received food (Teklad 2018×; Envigo, Indian-
apolis, IN) free choice, with reverse-osmosis water provided 
through an automatic watering system. Cages were changed 
at least every other week for mice and at least weekly for rats 
in a laminar flow workstation (Nuaire, Plymouth, MN) and 
were autoclaved prior to reuse. Hands and implements were 
disinfected with Rescue (Quip Labs, Wilmington, DE) between 
cages. The macroenvironment included a 12:12-h light:dark 
cycle (lights on, 0700), temperature of 72 ± 1 °F (22 ± 1 °C), and 
humidity between 30% and 70%.

Statistical analyses were not performed for this study as the 
goal was to assess the success or failure of various exposure 
times to CO to cause the death of preweanling rats and mice.

All studies were performed at Indiana University School of 
Medicine and were approved by the Indiana University School 
of Medicine IACUC before the start of the study. This program 
is accredited by AAALAC, International and compliant with 
all applicable federal regulations.

Results
From a safety perspective, we considered the use of CO for 

euthanasia to be a manageable risk for personnel. When we 
used a 0.75-L/min flow rate, CO never reached the concentra-
tions necessary to trigger sensors during use of the system, 
including a sensor placed at the exhaust holes in the lid of the 
euthanasia chamber.

A total of 1081 neonatal mice were used for this study. Over 
half of the mice recovered from CO exposure for 30 min at PND5 
(20 neonates), PND4 (9 neonates), PND2 (9 neonates), and PND1 
(10 neonates). Therefore, PND3 and PND0 neonates were not 

tested (Table 1). This refinement allowed us to bypass exposure 
times that were highly likely to permit recovery.

For PND6, 10 mouse pups were tested with 15 min of exposure 
(90% died), and 40 mouse pups each were tested with 20, 21, 
and 22 min of exposure (100% died). For PND7, 11 mouse pups 
were tested with 10 min of exposure (100% died), 12 with 11 min 
(91% died), 11 with 12 min (100% died), and 4 with 13 min (75% 
died). Forty mouse pups each were tested with 14, 15, and 16 min 
of exposure, which resulted in 100% deaths. The percentage of 
mice that died for PND8 to PND12 and the total number tested 
are shown in Table 2.

Between PND6 and 9, mice required exposure times that 
ranged from 10 to 20 min to reliably produce death (Table 2). 
Mice that were older than PND10 required exposure times of 
between 5 and 8 min to produce death (Table 2).

A total of 1459 neonatal rats were used for this study. Over 
50% recovered after 30 min of exposure time for PND5 (65 
neonates), PND4 (16 neonates), and PND3 (2 neonates). PND0 
through 2 were not tested, thus omitting exposure times that 
were not likely to cause death.

For PND6, 4 rat pups were tested with 15 min of exposure 
(100% died), 19 with 17 min (89% died), 14 with 18 min (14% 
died), 9 with 19 min (9% died), and 33 with 20 min (90% died). 
Forty PND6 rat pups each were tested at 21, 22, and 23 min of 
exposure, all with 100% death. For PND7, 29 rat pups were 
tested with 10 min of exposure (100% died), 16 with 11 min (100% 
died), 20 with 12 min (100% died), 30 with 13 min (96% died), 
13 with 14 min (100% died), 32 with 15 min (96% died), and 31 
with 16 min (90% died). Forty PND7 pups each were tested for 
17, 18, and 19 min of exposure with 100% death. The percentage 
of rats that died between ages of PND8 to PND12 is presented 
in Table 3, with the total number of rats tested in parentheses.

Rats of ages that were between PND6 and PND9 required 
exposure times that ranged from 13 min to 23 min to reliably in-
duce death (Table 1). Rats that were older than PND10 required 
exposure times of between 6.5 to 10 min to cause death (Table 1).

Discussion
This study supported the findings of previous studies sug-

gesting that administration of inhalant anesthetics and other 
compounds does not reliably kill neonatal rats and mice after 
30 min of exposure to the gas.6,7,8 This lack of efficacy may oc-
cur because altricial rodents of this age are highly resistant to 
hypoxic environments like those present in the uterus.10 Previ-
ous reviews have described the mechanisms that underly this 
tolerance for hypoxic environments, such as the low metabolic 
rate of neonates and innate resistance of the brain to hypoxic 
damage.2,10 Therefore, methods of euthanasia such as barbitu-
rate administration via the intraperitoneal route or decapitation 
have been recommended for neonatal mice and rats that are 
PND5 or younger.2

Considering the data presented in previous studies,6,7 CO may 
be slightly advantageous over carbon dioxide in mice, as CO 
seems to cause death in older neonates after a shorter exposure 

Table 1. Range of exposure times that resulted in the deaths of 
120 of 120 (100%) of neonatal mice of the listed age. Mice and rats 
were assessed 20 min after removal from the carbon monoxide. 
Forty neonates of each species were tested at 30-s (indicated by *) 
or 60-s intervals to obtain 40 animals at each of the 3 time points 
in the range.

Age CO time range for mice CO time range for rats
PN0 > 30 min (presumed) > 30 min (presumed)
PN1 > 30 min > 30 min (presumed)
PN2 > 30 min > 30 min (presumed)
PN3 > 30 min (presumed) > 30 min
PN4 > 30 min > 30 min
PN5 > 30 min > 30 min
PN6 20 to 22 min 21 to 23 min
PN7 14 to 16 min 17 to 19 min
PN8 8 to 10 min 12 to 14 min
PN9 8 to 10 min 13 to 15 min*
PN10 7 to 8 min* 9 to 10 min*
PN11 7 to 8 min* 8 to 9 min*
PN12 5 to 6 min* 6.5 to 7.5 min*

Table 2. Percentage of neonatal mice that died, with the total number of mice tested in parentheses.

5 min 5.5 min 6 min 6.5 min 7 min 7.5 min 8 min 9 min 10 min
PN8 0 (4) 0 (4) 92 (40) 100 (40) 100 (40) 100 (40)
PN9 50 (8) 0 (4) 62 (8) 100 (40) 100 (40) 100 (40)
PN10 95 (40) 100 (40) 100 (40) 92 (12) 100 (40) 100 (40) 100 (40)
PN11 76 (13) 60 (5) 74 (27) 100 (40) 100 (40) 100 (40)
PN12 100 (40) 100 (40) 100 (40)
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time. However, this difference may not apply to neonatal rats 
(Table 4).

Although the use of CO can entail significant occupational 
health and safety risks, we managed these risks by using low 
concentrations of CO in well-ventilated spaces. This finding is 
consistent with previous use of CO as an approved method of 
euthanasia for multiple species.2

Our study confirms previous reports of the difficulty of using 
inhalant agents to euthanize very young neonatal mice and rats 
(PND5 or younger).6,7,8 However, as postnatal development 
continues, inhalant agents become more effective for the eu-
thanasia of preweanling rodents.
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Table 4. Table modified from previous studies6,7 to allow com-
parison of carbon monoxide and carbon dioxide minimal exposure 
times to ensure death in neonatal mice and rats

Age 
of mouse

Carbon monoxide 
minimal exposure time

Carbon dioxide 
minimal exposure time

PN0 to PN6 > 30 min (not 
recommended)

60 min (not 
recommended)

(PN7 to PN13 16 min 20 min
Age of rat Carbon monoxide 

minimal exposure time
Carbon dioxide 
minimal exposure time

PN0 to PN6 > 30 min (not 
recommended)

40 min (not 
recommended)

PN7 to PN13 20 min 20 min
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