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In planning a study, investigators are mandated to consider 
alternatives that avoid or minimize discomfort, distress, and 
pain.3,30 This mandate includes handling, restraint, surgical 
and nonsurgical procedures, and euthanasia. The Guide for 
the Care and Use of Laboratory Animals defines euthanasia as 
“the act of humanely killing animals by methods that induce 
rapid unconsciousness and death without pain or distress.”24 
The Guide also recommends that researchers follow the AVMA 
guidelines27 when selecting euthanasia methods. The AVMA 
considers the ability to induce loss of consciousness and death 
while pain and distress are minimized to be of high importance 
and places the responsibility on veterinarians to use “humane 
techniques to induce the most rapid and painless and distress-
free death possible.”27

All acceptable euthanasia methods (and those acceptable 
with conditions) for laboratory mice in the AVMA guidelines27 
involve some degree of stress, fear, anxiety, or pain. Euthanasia  
methods are often categorized by methodology: injectable, 
physical, or inhalant. Both injectable and physical euthanasia 
methods require animal restraint, which is a stressor in mice.10,23 
Parenteral injections elicit a physiologic stress response and 
momentary pain.28,34 Inhalant agents such as carbon dioxide 
cause anxiety and breathlessness,5,11 and inhalant anesthetics 
produce a stress response.4,6 A possible alternative method 
for euthanasia is voluntary ingestion. Voluntary ingestion of 
effective euthanasia agents would alleviate all of the previ-
ously mentioned concerns, because it does not involve restraint, 
injection, or the inhalation of noxious substances. The AVMA 
currently considers oral administration of euthanasia agents 

to be unacceptable, due to a lack of established dosages and 
drugs, concerns about bioavailability and absorption, potential 
aspiration, vomiting or regurgitation of drug (in species able to 
do so), and administration difficulty.27 If these disadvantages 
are addressed, then voluntary ingestion of an oral euthanasia 
agent is more likely to be considered acceptable.

The goal of the current study was to identify a method of 
presenting an orally effective euthanasia drug that mice ingest 
voluntarily. The ideal drug will be easily delivered, be reliably 
and quickly ingested, and result in rapid death consistently 
without pain or distress. Voluntary ingestion of an oral eutha-
nasia drug might improve the welfare of the animal during the 
procedure and might also be useful during emergencies when 
rapid depopulation is required. To identify a potential suitable 
voluntary euthanasia drug requires 2 steps: 1) identification of 
a highly palatable drug delivery vehicle, and 2) identification 
of a euthanasia agent that is efficacious when delivered orally. 
To address the first step, we evaluated the palatability of vari-
ously flavored cookie dough as a vehicle for oral euthanasia 
drug delivery. For the second step, we tested a commercially 
available pentobarbital–phenytoin euthanasia solution added 
to cookie dough. We hypothesized that voluntary ingestion of a 
lethal dose of a pentobarbital-containing solution would result 
in sedation, followed by unconsciousness and death, without 
the development of negative affective states.

Materials and Methods
Mice. We used 180 mice (99 male, 81 female; mean weight, 

27.0 ± 5.6 g; median age, 96 d), including inbred strains, out-
bred lines, and transgenics. The majority of mice used in the 
study were transgenic on a C57BL/6 background. All mice 
were drug- and test-naïve and healthy at the time of testing. 
Transgenic mice were phenotypically normal, with no known 
effects of the altered genetics on appetite. Except where noted, 
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food (Envigo Teklad, Madison, WI) and tap water were pro-
vided without restriction, with water removed at the time of the 
experiment. Aspen chip bedding (Envigo Teklad) and nesting 
material (Nestlets, Ancare, Bellmore NY) were provided. Due 
to variation in the manner which specific strains were housed 
prior to experiments, some mice had additional enrichment 
items, such as cardboard tubes (Jonesville Paper Tube, Jones-
ville, MI) and plastic huts (Alternative Design, Siloam Springs, 
AR) in their cages. Lighting was maintained on a 12:12-h 
light:dark cycle (lights on, 0630), and ambient temperature 
maintained at 23.3 ± 2.2 °C. Most mice were socially housed 
prior to experimental use, but tests were conducted with a 
single mouse present in each cage, unless otherwise indicated 
(additional mice were removed from the cage 30 min prior to  
experimental activities).

All mice were negative for the following pathogens:  
Mycoplasma pulmonis, mouse parvovirus, minute virus of mice, 
mouse hepatitis virus, Theiler murine encephalomyelitis virus, 
epizootic diarrhea of infant mice virus, pneumonia virus of 
mice, reovirus, lymphocytic choriomeningitis virus, ectromelia 
virus, mouse adenovirus 1 and 2, polyoma virus, and Sendai 
virus (IDEXX RADIL, Columbia, MO). All procedures were 
reviewed and approved by the IACUC at Wright State Univer-
sity. Animals were housed in an AAALAC-accredited facility, 
and all procedures were completed in accordance with federal 
guidelines and regulations.

Experimental procedures. Except where noted, experimental 
procedures occurred during the light phase (between 1300 
and 1600) in nonfasted mice that remained in their home 
cages during the experiment (standard conditions). Cages were 
transferred to a procedure room within the facility, and mice 
were allowed to acclimate for 30 min prior to experimental 
procedures. Experimental group size was 10, with approximate 
equal numbers of male and female mice in each group. Group 
size was determined through a power analysis (α, 0.05; β, 0.2; 
estimated effect size, 0.25; and estimated standard deviation, 
0.2). Pair-housed mice were tested, with 10 pairs in each group. 
No adverse events occurred during any experimental procedure. 
At the conclusion of each experiment, all mice were euthanized 
with carbon dioxide gas administered at 30% chamber replace-
ment rate, according to AVMA guidelines.27

Palatability of sugar-cookie dough. We first evaluated the 
palatability of sugar-cookie dough (Pillsbury, General Mills, 
Minneapolis, MN) in 4 groups of mice (40 total; Figure 1). 
Cookie dough with or without flavor enhancers was formed into  
225-mg spherical boluses, and one was offered to each mouse 
by either placing the bolus on the wire bar feeder over the nest 
or by dropping directly into the nest, to minimize bedding ad-
herence. Group treatments included sugar cookie dough and 
cookie dough with one of the following additions: peanut butter 
powder (Honeyville, Brigham City, UT), berry-flavored gelatin 
powder (Kraft Heinz, Glenview IL), and finely minced bacon 
crumbles (Hormel Foods, Austin, MN). The flavor enhancers 
and cookie dough were mixed in the following amounts: 1.8 g 
cookie dough mixed with 0.45 g berry-flavored gelatin powder 
or bacon crumbles, or 2.0 g cookie dough mixed with 0.25 g 
peanut butter powder. The amount of cookie dough remaining 
after 1 h was weighed and percentage consumption determined. 
Latency to ingest the cookie dough was recorded for mice that 
ingested the entire bolus.

Oral ingestion of pentobarbital–phenytoin. Ten experimental 
groups (total, 140 mice) were evaluated to determine whether 
mice voluntarily eat a treat containing euthanasia solution 
(Figure 1). Four groups of single-housed mice and 4 groups of 

pair-housed mice were offered the treats under standard condi-
tions. In addition, one group of single-housed mice was tested 
30 min after onset of the dark phase, and another group was 
tested during the light phase after a 16-h fast. For single-housed 
mice, 0.14 mL Euthasol solution (390 mg/mL pentobarbital 
and 50 mg/kg phenytoin, Virbac, St Louis, MO) was added 
to sugar-cookie dough with and without flavor enhancers in 
the proportions described previously; the resulting compound 
was divided into 10 equal doses. For single-housed mice, each 
dose was formulated to contain pentobarbital equivalent to ap-
proximately 200 mg/kg for a 25- to 30-g mouse. When offered 
to pair-housed mice, two 750-mg cookie-dough boluses were 
placed in each cage, with the same concentration of pentobar-
bital in the cookie dough (0.02 mg pentobarbital/mg cookie 
dough) as previously. The size of the bolus was increased for 
pair-housed mice to allow both mice to ingest portions of 
the same bolus and to accommodate increases in the amount 
ingested that might occur under pair-housed conditions. Eu-
thanasia solution was added on the day of testing, and unused 
cookie dough discarded daily. Cookie dough was presented to 
single-housed mice either on the wire bar lid or directly into the 
nest. For pair-housed mice, each bolus was placed on the cage 
wall adjacent to the nest, to minimize the adherence of bed-
ding and nesting material to the larger bolus, thus facilitating 
accurate quantification of remaining dough at the conclusion of 
the study. Mice were monitored for 1 h, and clinical effects (for 
example, lethargy, ataxia, recumbency) were recorded. At the 
conclusion of 1 h, any remaining cookie dough was removed 
from the cage and weighed. The ingested dose of pentobarbital 
was calculated for each mouse or mouse pair by multiplying 
the amount of cookie dough ingested by the concentration of 
pentobarbital in the cookie dough and then dividing by the body 
weight of the single-housed mouse or the combined weight of  
the mouse pair.

Results
Palatability of cookie dough. All flavors of cookie dough were 

well accepted, with a mean of 82% to 94% of boluses ingested 
within 1 h, depending on flavor (Table 1). In both the sugar-
cookie and bacon-flavored dough groups, all mice except 1 
ingested the entire cookie dough bolus. In addition, 7 of the  
10 mice receiving berry-flavored dough ingested the entire 
bolus, as did 8 of the 10 mice receiving peanut-butter cookie 
dough. The latency (mean ± 1 SD) to eat the entire dough bolus 
was lowest with plain sugar-cookie dough (8.4 ± 11.0 min) and 
longest with berry-flavored dough (29.0 ± 18.0 min).

Oral ingestion of pentobarbital–phenytoin. The ingestion 
of cookie dough decreased sharply when pentobarbital– 
phenytoin solution was added (Table 1). Under single-housed 
standard conditions, the mean dose of pentobarbital ingested 
was highest for unflavored cookie dough (83.2 ± 52.0 mg/kg) 
and lowest for bacon-flavored cookie dough (45.1 ± 71.4 mg/kg; 
Table 2). Only 4 of the 40 mice in this experiment ingested the 
entire bolus, and 12 mice ingested less than 10% of the bolus. 
Of mice that ingested the entire bolus, 2 developed symptoms 
of moderate to severe ataxia and reduced activity, whereas 
the other 2 mice showed no identifiable signs of pentobarbital 
intoxication. In addition to the mice that ingested the entire 
bolus, 6 others developed ataxia after ingesting a portion of the 
bolus. The lowest ingested dose of pentobarbital that caused 
clinically apparent (mild) ataxia in a mouse was 59 mg/kg; 
however other mice ingested higher doses and did not de-
velop ataxia. Under standard conditions, single-housed mice 
appeared to ingest higher doses of pentobarbital than paired 
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mice when offered 3 of the flavors of cookie dough but ate 
less of the fourth flavor; these perceptions were not confirmed 
statistically (Table 2). Of the 80 mice tested under pair-housed 
conditions, 12 became mildly ataxic, but no other clinical signs  
were apparent.

Mice that were offered cookie dough containing euthanasia 
solution appeared to ingest (albeit not confirmed statistically) 
higher doses of pentobarbital during the dark phase (149.1 ± 
94.7 mg/kg) than during the light phase (83.2 ± 52.0 mg/kg; 
Table 2). After a 16-h fast, mice ingested even larger doses of 
pentobarbital (194.3 ± 70.3 mg/kg). Three of the 10 mice in each 
of these 2 groups ingested the entire bolus of cookie dough. Two 
of the 10 mice that were tested during the dark phase became 
ataxic, whereas all 10 of the mice tested after a 16-h fast rapidly 
became ataxic. One mouse that was tested after a 16-h fast also 
became less responsive to stimuli (gentle touch), although it 
never became recumbent. Regardless of experimental group, 
no mouse that ingested pentobarbital–phenytoin-containing 
cookie dough lost the righting reflex, became unconscious,  
or died.

Discussion
The euthanasia solution used in these experiments contained 

pentobarbital (390 mg/mL) and phenytoin (50 mg/mL) and 
typically is administered parenterally. Pentobarbital is a barbi-
turate that may be used clinically as a sedative, anesthetic, and 
euthanasia agent, whereas phenytoin is used therapeutically 
in animals as an anticonvulsant.32 Phenytoin is often added to 
euthanasia solutions because of its additional cardiodepressant 
effects, and its addition changes the solution from a Schedule II 
to a Schedule III controlled substance.32 Parenteral administra-
tion of a lethal dose of pentobarbital–phenytoin solution to an 
animal leads to depression of the respiratory and vasomotor 
centers, resulting in death.32 The LD50 of oral pentobarbital so-
dium in rats is 118 mg/kg,35 and because the standard parenteral 
pentobarbital euthanasia dosage for mice at our institution is 
150 mg/kg, we chose 200 mg/kg as our target dose for single-
housed mice.

Although pentobarbital-containing euthanasia solutions 
are designed to be administered parenterally, pentobarbital is 
absorbed rapidly from the gut.13,25,33 Pentobarbital is described 
as the “best euthanasia drug” for human suicide,31 and oral 
administration is a frequent route of administration for this 
purpose.7-9,20,29 In a study evaluating treatments for pentobar-
bital toxicity, rats administered 40 mg/kg pentobarbital by oral 
gavage lost their righting reflex within 8 min, and remained 
anesthetized for 1.5 to 2 h, with peak plasma concentration 
reached within 1 h.13 Pentobarbital administered orally to 
fasted dogs at a dose of 63 mg/kg caused lateral recumbency 
in 6 of 7 dogs.33 In addition to those studies, numerous fatali-
ties or near-fatalities in wildlife and companion animals have 
been reported after ingestion of incorrectly discarded carcasses 
or contaminated food containing pentobarbital residues.2,16,19 
Given these studies and reports, we considered oral ingestion 
of a pentobarbital-containing solution a possible method for 
euthanizing mice.

The first step in trying to have mice voluntarily eat the 
euthanasia solution was to find a highly palatable food to po-
tentially mask the bitter taste31 of the pentobarbital–phenytoin 
combination. Previous studies in rodents evaluated various 

Figure 1. Experimental groups. Standard conditions involved testing during the light phase and without fasting.

Table 1. Ingestion of sugar-cookie dough with and without flavorings and pentobarbital–phenytoin solution

Amount of dough ingested  
(%, mean ± 1 SD)

Latency to ingest  
(min, mean ± 1 SD)

Amount of pentobarbital–phenytoin-containing 
dough ingested (%, mean ± 1 SD)

Sugar-cookie dough 91 ± 29 8.4 ± 11.0 42.1 ± 30.5
Peanut-butter cookie dough 82 ± 38 17.0 ± 10.7 30.0 ± 37.4
Bacon-flavored cookie dough 94 ± 19 16.1 ± 16.1 19.5 ± 29.1
Berry-flavored cookie dough 88 ± 21 29.0 ± 18.0 26.3 ± 13.7

Each group contained 10 mice.

Table 2. Pentobarbital dose ingested by single- and pair-housed mice

Pentobarbital dose ingested  
(mg/kg, mean ± 1 SD)

Single-housed 
mice

Pair-housed 
mice

Sugar-cookie dough 83.2 ± 52.0 79.6 ± 28.5
Peanut-butter cookie dough 64.1 ± 83.1 61.5 ± 46.0
Bacon-flavored cookie dough 45.1 ± 71.4 69.7 ± 35.7
Berry-flavored cookie dough 56.6 ± 34.5 43.5 ± 29.2
Sugar-cookie dough, dark phase 149.1 ± 94.7 not tested

Sugar-cookie dough, 16-h fast 194.3 ± 70.3 not tested

For single-housed mice, each group contained 10 mice; for pair-housed 
mice, each group contained 10 pairs of mice (total, 20)
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food items as vehicles for oral drug delivery.1,12,14,15,21 Success-
ful oral administration of medications including losartan,14 
buprenorphine,1,15,21 and fluoxetine,12 has been achieved by 
using flavored gelatin,15 chocolate–hazelnut spread,1,21 sugar 
paste14 and sugar cookie dough,12 We chose sugar-cookie dough 
as the vehicle for the pentobarbital–phenytoin solution because 
of its availability and semisolid form, which accommodated 
both liquid and solid additives. We anticipated that adding 
pentobarbital–phenytoin solution would have a negative effect 
on palatability, so we evaluated cookie dough both with and 
without flavor additives. All flavors of cookie dough were well 
accepted by mice, with bacon-flavored cookie dough having the 
highest ingestion (mean, 94%). Many mice ingested the entire 
cookie dough bolus. Of these mice, latency to ingest was 30 min  
or less for all flavors tested. Plain sugar-cookie dough was 
ingested most rapidly, with a mean of 8.4 min before complete 
ingestion. According to these findings, cookie dough was con-
sidered an excellent potential vehicle for the oral delivery of 
euthanasia solution to mice.

Results of the palatability testing of cookie dough indicated 
that all flavors evaluated were well accepted. Mice ingested 
nearly all of the cookie dough relatively quickly. We therefore 
included all flavors in the next phase of testing, the evaluation 
of cookie dough to which pentobarbital–phenytoin solution had 
been added. When pentobarbital–phenytoin solution was added 
to the cookie dough, the amount eaten declined sharply. Despite 
the subeffective dose, clinical signs of pentobarbital–phenytoin 
intoxication occurred in 8 of the 40 single-housed mice tested 
under standard conditions. Two mice that ingested at least  
180 mg/kg pentobarbital were notably affected: one mouse be-
came lethargic and less reactive, whereas the other was severely 
ataxic. The remaining mice most commonly demonstrated mild 
to moderate ataxia, but no mouse lost the righting reflex, became 
unconscious, or died.

We considered 2 aspects of mouse behavior in the ex-
perimental design: social tendencies and nocturnal nature. 
Group-housed mice develop social hierarchies and may display 
dominance behaviors, and we considered that hoarding or glut-
tonous ingestion of a limited resource such as cookie dough 
might occur. However, the amount of pentobarbital–phenytoin-
containing cookie dough ingested was lower in pair-housed 
mice for all varieties except bacon-flavored cookie dough, of 
which the paired mice ingested more. Although unexpected, 
this result may reflect empathy in the mice. Studies have found 
that mice show empathy toward other mice when they are fa-
miliar with that mouse, but mice do not have empathy toward 
unfamiliar mice.22,26 We tested pairs of mice in addition to single 
mice to determine whether social condition affected the amount 
of pentobarbital ingested. All pairs of mice in our study were 
familiar to each other, because they had been housed together 
for at least 3 wk prior to the experiment. As clinical signs took 
effect, the observing mouse may have changed its behavior, 
effectively reducing the intake of cookie dough. To determine 
whether the nocturnal nature of mice affected ingestion of 
cookie dough, we gave sugar-cookie dough containing pento-
barbital–phenytoin solution to single-housed mice at 30 min 
after the beginning of the dark phase and found that the mean 
dose of pentobarbital ingested was nearly twice the amount in-
gested during the light phase. However, only 2 of these 10 mice  
became ataxic.

Studies of the efficacy and pharmacokinetics of oral pento-
barbital have used fasted animals;13,25,33 however the majority 
of mice in the present study were not fasted prior to experi-
mental use, because we wanted to simulate conditions under 

which an oral euthanasia drug might be used. After oral ad-
ministration, pentobarbital undergoes pronounced intestinal 
metabolism,25 which might be affected by stomach ingesta. 
Variability in stomach content volume could account for the 
observed differences in clinical signs in mice ingesting similar 
pentobarbital dosages. To determine the effects of stomach 
ingesta on clinical efficacy, we tested one group of mice after a 
16-h fast. All 10 mice in that group ingested some or all of the 
cookie dough containing pentobarbital–phenytoin, and all mice 
developed subsequent clinical signs of intoxication. Although all 
of these mice became ataxic, none died as a result of the cookie  
dough ingestion.

United States regulations for extralabel drug use and 
compounding drugs limit prescribers’ options regarding for-
mulating an oral euthanasia agent for use in mice. The Animal 
Medicinal Drug Use Clarification Act permits extralabel drug 
use under specific conditions.18 However, drugs that are com-
pounded from unapproved drugs or bulk drugs are considered 
adulterated and may not be administered.18 We chose Euthasol 
as our euthanasia agent because it is an approved drug and 
can therefore be compounded legally. Although the addition 
of Euthasol decreased the palatability of cookie dough, an 
oral euthanasia drug compounded from bulk pentobarbital 
likely would be better accepted by rodents, given that Eu-
thasol contains as much as 10% ethyl alcohol and as much as 
10% benzyl alcohol in its formulation.35 The compounding of 
animal drugs from bulk ingredients is currently illegal in the 
United States, although the FDA recognizes that doing so may 
be appropriate in limited situations. This topic is under active 
consideration by the FDA, and further guidance is expected.17 
Additional research is needed to evaluate oral compounds 
containing bulk-sourced pentobarbital, as well as other an-
esthetic or barbiturate compounds that might be effective  
for euthanasia.

We identified several limitations in this study. The poor 
palatability of the pentobarbital–phenytoin solution limited 
its ingestion by mice, and mice therefore ingested a sublethal 
dose. We were therefore unable to fully evaluate its use as an 
oral euthanasia drug. Another limitation was that assessing mice 
for gait abnormalities such as mild ataxia is highly subjective, 
and more specific assessments for clinical effects are needed. 
The person who performed these assessments was not blinded 
to the procedures, and unintentional bias might have occurred. 
Finally, it was sometimes difficult to collect all of the remaining 
cookie dough bolus from the bedding at the conclusion of the 
testing period, and this difficulty may have affected the meas-
urement of amount ingested.

We successfully identified a drug vehicle that consistently was 
readily and rapidly eaten by mice without the need for previous 
exposure or acclimation. We consider the use of sugar-cookie 
dough as a carrier for an oral euthanasia drug to be a prudent 
choice. However, we failed to identify a method for presenting 
a pentobarbital-containing euthanasia solution that resulted in 
voluntary ingestion and subsequent death in mice. The results 
of this study indicate that Euthasol is distasteful to mice, thus 
precluding its voluntary ingestion in amounts sufficient to cause 
death. In the few instances in which enough agent was ingested 
to yield doses sufficient to cause death of rats, mouse awareness 
showed little effect. We found that mice ingested higher dosages 
of pentobarbital during the dark phase and after a 16-h fast and 
therefore recommend further evaluation of voluntarily ingested 
oral euthanasia agents under these conditions. Future research 
also is needed to identify alternative compounds that might be 
useful as oral euthanasia agents in mice.
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