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Xylazine is an α2 agonist commonly used in veterinary medi-
cine as a sedative and as a component in balanced anesthesia 
combinations. The sedative effects of the α2 agonists are believed 
to be caused by stimulation of α2A adrenoreceptor subtypes in 
the locus ceruleus of the brainstem, thus decreasing norepineph-
rine release.23,34,42 Various studies across many species either 
compare or individually explore the relative merits of the α2 
agonists clinically available to veterinarians, including xylazine, 
detomidine, medetomidine, and the purified active enantiomer 
of medetomidine, dexmedetomidine.3-5,10,11,18,21,41 Xylazine has 
an α2:α1 selectivity ratio of 160, in addition to lesser affinity for 
β-adrenergic, dopaminergic, cholinergic, serotoninergic, H2 
histamine, and opioid receptors.21,29

Although the newer drugs medetomidine and dexmedeto-
midine have higher affinity and specificity for the α2 receptor, 
xylazine continues to be used extensively in laboratory animal 
medicine for the anesthesia of rodents.5,10,37,42,43 A study com-
paring 8 injectable anesthetic protocols for mice concluded that 
cocktails containing xylazine and ketamine were preferable over 
similar mixtures containing medetomidine in terms of both 
safety and surgical tolerance; however even the optimal combi-
nation induced significant hypoxia, hypercapnia, and acidosis.5 
These side effects, which are common to all α2 agonists, are 
due primarily to the activation of α2 receptors as well as lesser 
activation of α1 and β receptors. Documented side effects of 
xylazine are transient hypertension, peripheral vasoconstriction, 
prolonged hypotension, 30% to 50% decrease in cardiac output, 

diuresis, hypothermia, hyperglycemia, cerebral hypoxia, and 
decreased gut motility lasting for hours.10,17,19,20,26,38,41

Despite these recognized undesirable side effects, a major 
advantage of α2 agonists is the availability of antagonists, which 
anesthetists can administer to negate these effects. Effective re-
versal of xylazine sedation with an antagonist results in prompt 
awakening of the patient, as well as normalization of most of 
the earlier listed side effects.4,6,12,15,16,17,26,38,39 The anesthetist 
must consider several factors in the decision to administer an 
antagonist. An antagonist should not be administered until the 
sedative, anxiolytic, and analgesic effects of the agonist are no 
longer needed. In most species, ketamine, if administered alone, 
results in unacceptable excitement and agitation during awaken-
ing from anesthesia. These ‘emergence reactions’ are commonly 
managed by concurrent use of an adjunct sedative, typically 
a benzodiazepine, phenothiazine, or, an α2 agonist.40 Caution 
should therefore be exercised in removing the effect of the α2 
agonist from a ketamine–xylazine or ketamine–dexmedetomidine 
anesthetic event before sufficient time has elapsed for ketamine 
metabolism.6,28 If both a phenothiazine, such as acepromazine, 
and an α2 agonist are included in the combination, as previ-
ously recommended,5 reversal of the α2 agonist should result in 
improved hemodynamic function but not prompt awakening or 
ketamine-associated emergence reaction, because the sedative 
properties of the phenothiazine remain in effect.5,6,7

The selected dose of antagonist should counteract the amount 
of unmetabolized agonist remaining in the subject, account-
ing for the time needed for metabolism.40 When given alone 
to unsedated subjects, both atipamezole and yohimbine are 
used as research models to create anxiety and are expected 
to cause similar effect when dosed in excess of that necessary 
to counteract the remaining agonist.24,32 Resedation, in which 
antagonist is metabolized faster than agonist, has occasionally 
been reported with this class of drugs.6,40 Due to the relatively 
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of doses originating in research literature and propagated by col-
lection into reference material. For this study the most commonly 
recommended atipamezole dose was chosen. A higher yohimbine 
dose than typically recommended was intentionally chosen.

A 1992 booklet noted specifically that “Atipamizole can be 
used to reverse the effects of either xylazine or medetomidine” 
and “Yohimbine seems to be less effective than atipamezole as an 
antagonist.”35 The atipamezole dose recommended in the rodent 
section of this reference is 1 mg SC or IM per 10 mg xylazine, with 
a note that “It is advisable to use rather low doses of atipamezole 
as very rapid and complete reversal may induce excitement.” 
There was no recommended yohimbine dose for rodents, and 
no reference to a controlled study comparing atipamezole to 
yohimbine.35 A more recent reference states that atipamezole is 
preferable to yohimbine for reversal of both xylazine and medeto-
midine, claiming fewer side effects, but does not cite a specific 
study comparing them.13,14 On different pages within this same 
text, 3 dose ranges applicable to mice are given for atipamezole. 
Specifically dose ranges of 0.5 to 1 mg/kg (route not specified) 
and 0.1 to 1 mg/kg IM, IP, SC, or IV are listed respectively for 
“small laboratory animal species” and in a table without cita-
tions for “rabbits and rodents.”13,14 These represent the lowest 
recommended doses found in the literature, and the 0.1- to 1-mg 
range is often repeated in other formularies, with reference back 
to the earlier publication.13,14 The third atipamezole dose given in 
this same text, in the paragraph specifically addressing ketamine 
xylazine anesthesia in mice and therefore recommended for this 
specific purpose, is 1 mg/kg Sc.13,14 For the purpose of revers-
ing medetomidine, a more potent agonist than xylazine, other 
authors used 5 mg/kg SC.6 Also for medetomidine reversal, 
another group recommended atipamezole 1 to 2.5 mg/kg IP 
in mice, with female Swiss Webster mice requiring more than 
males.11 These doses represent the upper limits of recommended 
atipamezole doses for mice.

A 1991 study compared 4 doses of yohimbine (1, 5, 10, and 20 
mg/kg IP) with 3 doses of tolazoline (10, 20, and 50 mg/kg IP) 
for the reversal of xylazine–ketamine sedation in rats. The authors 
concluded that the optimal dose of yohimbine was 1 mg/kg due 
to adverse effects at the higher doses but that yohimbine was 
less effective than tolazoline (20mg/kg IP). The authors specifi-
cally stated that although yohimbine was effective at reversing 
respiratory depression and reducing the appearance of corneal 
and pedal reflexes, “only tolazoline was effective in reducing time 
to appearance of the crawl reflex and recovery time.”25 A ‘rab-
bits and rodents’ table in the preceding text13,14 lists yohimbine 
doses of 0.2 mg/kg IV and 0.5 mg/kg IM for “any regimen using 
xylazine or medetomidine” but also notes “not recommended.” 
The rodent sections of 2 other formularies8,30 provide yohimbine 
doses of 0.2 mg/kg IP for “rabbits and rodents” and 0.5 to 1 mg/
kg IV for “all species.” As stated earlier, the dose of yohimbine that 
we chose for the current study was intentionally slightly higher 
than the “optimal” dose in a previous study,25 although still less 
than the next higher dose, which showed adverse effects, and was 
significantly higher than all other recommended rodent doses.

Despite the availability of a choice in antagonists, it is com-
mon practice to administer no antagonist to mice and rats 
sedated with ketamine–xylazine, leaving the animals to remain 
sedated until the drugs are metabolized, therefore prolonging 
hypotension, hypoperfusion, and hypoxia unnecessarily. For 
researchers to consider the addition of a reversal agent to their 
anesthetic protocols, the lab animal veterinarian must present 
data regarding the effectiveness of the proposed change, and, 
when more than one option is available, comparative data to 
support the recommendation of a specific drug. Furthermore, 

long half-life of dexmedetomidine as compared with xylazine 
and the relatively short half-life of atipamezole as compared 
with yohimbine, resedation, possibly manifested as ‘prolonged 
recovery’ is more likely with dexmedetomidine–atipamezole 
than with other combinations.33,40 An antagonist should be 
administered in the event of life-threatening anesthetic compli-
cations believed to be a result of the agonist. Judicious use of an 
antagonist at the end of an anesthetic event, giving consideration 
to all of the previously mentioned factors, is expected to result in 
prompt normalization of physiologic function, most importantly 
perfusion and tissue oxygenation. Minimizing the duration 
of hypoperfusion and hypoxia will likely improve anesthetic 
outcomes and overall animal health. In the case of regulatory 
mandates that animals must be attended by an anesthetist until 
fully awake, decreasing unnecessary anesthesia time may also 
decrease the time that staff spend observing sleeping mice.

Yohimbine and atipamezole are 2 α2 antagonists currently 
available to veterinarians. Tolazoline is a mixed α2α1 antagonist 
that is FDA-approved for use by veterinarians to reverse the ef-
fects of xylazine, but it was temporarily unavailable at the time 
of this study. In contrast to the agonists, less has been published 
directly comparing the clinical utility of the different antagonists 
for the purpose of reversing the effects of xylazine across spe-
cies. We found no controlled studies comparing atipamezole to 
yohimbine for reversal of xylazine in rodents.1,4,20,25,27,38

Yohimbine, with an α2:α1 affinity ratio of 40, was the pro-
totypic α2 antagonist used for pharmacologic exploration of 
adrenoreceptors and has been in clinical use since the early 
1980s. However, FDA approval for yohimbine is limited to the 
reversal of xylazine in dogs and deer. Atipamezole, which was 
FDA-approved in 1996, is far more selective for the α2 recep-
tor, with an α2:α1 affinity ratio of 8526, and its affinity for the 
α2 receptor is 100 times greater than that of yohimbine.21,29 Ati-
pamezole was marketed and FDA-approved only for reversal 
of medetomidine, and later dexmedetomidine, in dogs; it is not 
labeled for the reversal of xylazine in any species.35 Therefore 
veterinarians, educated with dogs as the basis of their stud-
ies and encouraged to follow drug labels in private practice, 
continue to frequently choose or recommend yohimbine as the 
reversal agent of choice for xylazine across species and often fail 
to consider using atipamezole. Neither xylazine, atipamezole, 
nor medetomidine are familiar to physicians, because none is 
FDA-approved for use in humans. Dexmedetomidine is FDA-
approved for anxiolysis and sedation in humans, but although 
atipamezole safely reverses the sedative effects of dexmedetomi-
dine, it is not approved for any purpose in humans.24 Therefore 
physicians performing research on animals likely will not typi-
cally even think of reversing xylazine in an anesthetic protocol, 
much less to question which available drug is most effective.

In veterinary specialties such as exotic pet medicine and zoo 
animal medicine, where ‘extra-label drug use’ as defined by the 
Animal Medicinal Drug Use Clarification Act of 1994 is routine 
and where anecdotal evidence and clinical judgement are suf-
ficient to guide drug choice, atipamezole has been commonly 
used to reverse xylazine with good effect.1,2,21,22,26,27 Extra-label 
drug use is similarly common in laboratory animal medicine, 
and it is the role of the veterinarian to advise physicians on 
the selection of drugs for use in animals. However, anecdotes 
without supporting controlled studies are rarely sufficient to 
justify a change to an established model, particularly when that 
model predates the availability of newer drugs.

Doses for comparison in this study were chosen from formularies 
and texts available to practicing lab animal veterinarians. Refer-
ences cited by these sources were explored to determine the context 
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a cotton square and a Shepherd Shack (PharmaServ, Framingham, 
MA.) Water was reverse-osmosis–purified, hyperchlorinated to 3 
to 5 ppm, and delivered without restriction through rack-mounted 
valves (Edstrom, Waterford WI).

Drug dilution and dosage. Mice were anesthetized with keta-
mine (80 mg/kg IP) and xylazine (10 mg/kg IP); atipamezole 
was administered at 1 mg/kg IP, and yohimbine was adminis-
tered at 1.5 mg/kg IP. All injections were administered in the 
lower right quadrant of the abdomen.

The anesthetic cocktail and the reversal drugs were formu-
lated in house, mixed, and diluted in 0.9% sterile saline to 
provide for consistent dosing volume of 0.01 mL per gram of 
body weight. All components were pharmaceutical grade inject-
able solutions, were transferred to sterile multiuse vials by using 
aseptic technique, handled to maintain sterility, protected from 
light, and assigned an expiration date of 2 mo after dilution.

The anesthetic cocktail, administered to all mice, included 0.8 
mL ketamine (100 mg/mL, lot 110803B, Butler Animal Health 
Supply) and 0.5 mL xylazine (20 mg/mL, lot LA31309, Tran-
quiVed) into 8.7 mL of 0.9% sterile saline for a final volume of 
10 mL and concentration of 8 mg/mL ketamine and 1 mg/mL 
xylazine. Mice were weighed and dosed at 0.01 mL of cocktail 
per gram of mouse, resulting in doses of 80 mg/kg ketamine 
and 10 mg/kg xylazine.

We added 0.75 mL yohimbine (2 mg/mL, lot LB 09510, Lloyd 
Laboratories) into 9.25 mL sterile saline (lot C856909, Abbott) 
for a concentration of 0.15 mg/mL. This solution was adminis-
tered at 0.01 mL per gram of mouse for a dose of 1.5 mg/kg. We 
diluted 0.2 mL atipamizole (5 mg/mL, lot 1330519 or 1372314, 
Pfizer) into 9.8 mL saline for a final concentration of 0.1 mg/mL. 
This solution was administered at 0.01 mL per gram of mouse 
for a dose of 1 mg/kg. Saline was administered, as control for 
the antagonists, at the same 0.01 mL per gram.

Study design. In this crossover study using Latin squares rand-
omization, 18 mice of identical age were randomly assigned into 
groups of 3 and then tail-tattooed with sequential numbers. Each 
group of mice was anesthetized on 3 occasions by using the same 
anesthetic cocktail and arranged on a heating pad (Deltaphase 
Isotherm Pad, Braintree Scientific, Braintree, MA) in order of tattoo 
number from left to right. In most cases, at 15 min after anesthetic 
injection, the 3 mice were each injected with a different reversal 
drug; on one occasion, a single cohort was inadvertently injected 
after 10 min. After a washout period of at least 1 wk, mice were 
again anesthetized, arranged in the same order, and the reversal 
drugs rotated one position right, such that each mouse received 
a different drug from the previous experiment. The process was 
repeated a third time, completing the crossover such that each 
mouse received each reversal drug on only one occasion.

Data collection. Time from injection of the reversal agent until 
“return of righting reflex” was the primary dependent variable. 
Return of righting reflex was defined as ability to roll from dorsal 
to sternal recumbency 3 times within a 60 second period. Time 
was kept by inserting time stamps for significant events into the 
data stream from 3 pulse-oximeters (MouseSTAT or PhysioSuite, 
Kent Scientific, Torrington CT). Serial data from the oximeters 
was logged on a PC using Free Serial Port Terminal 1.0.0.710 
per the manufacturer’s recommendation. Oximeters were set 
to sample SPO2, HR and Perfusion at 5 second intervals, and 
annular probes were used on either tails or paws. At minimum 
the time of xylaxine + ketamine injection, time of antagonist 
injection, and time of return of righting reflex 3× within 60 
seconds were noted. In addition, other observations such as 
incomplete anesthesia, paddling, first attempt at righting, or 
an abrupt onset of whisker twitch were noted on some animals.

for the proposed change to be willingly adopted by the research 
team, the additional step must not be technically difficult and 
must be consistently repeatable. The purpose of the current 
study is to encourage researchers who use ketamine and xyla-
zine in mice to add an antagonist to their anesthetic protocol. 
Although yohimbine or atipamezole might be given to mice 
by the intravenous, intramuscular, or subcutaneous routes, the 
intraperitoneal route is the least technically demanding method 
of parenteral drug administration commonly used in mice and 
therefore the one most likely to be accepted by a research lab. 
Although the outcomes of this study might have been different 
had other routes of administration been used, we believe that 
the comparison of these 2 drugs at recommended doses by the 
easiest route of administration is the most clinically relevant.

We compared the 2 α2 antagonists yohimbine and atipamezole 
and saline (as a control) to determine which is more clinically 
effective when injected IP for reversing the sedative effects of 
xylazine in male C57BL\6J mice anesthetized with ketamine and 
xylazine. For the purpose of this experiment, a relatively low 
ketamine dose and a relatively high xylazine dose were chosen 
to best determine the effect of xylazine antagonism.5,15,31,37 
Time from administration of the antagonist to return of right-
ing reflex, defined as ability of the mouse to roll from dorsal 
to sternal recumbency 3 times within 60 s, was the primary 
endpoint. The hypothesis was that this variable would differ 
significantly among these 3 regimens, with the expectation, in 
light of experience in other species, that atipamizole at the most 
commonly recommended dose for mice would produce shorter 
recovery times than yohimbine, despite the use of a yohimbine 
dose higher than commonly recommended. We also monitored 
heart rate because clinical experience in other species suggests 
that correction of bradycardia indicates effective antagonist de-
livery and impending awakening of the animal from anesthesia.

Materials and Methods
Mice. Male C57BL\6J mice (n = 18; Jackson Laboratory, Bar 

Harbor, ME) were used for this study. The strain was chosen 
because they are commonly used in research as an inbred strain 
and are a common background strain for genetically engineered 
models. Mice were all born on the same day and arrived in the 
vivarium at 7 wk of age. Ages at time of experiments ranged 
from 10 to 21 wk. On arrival, mice were randomly housed 3 per 
box in IVC (Optimice IVC, Animal Care Systems, Centennial 
CO.); each cage of 3 mice became a cohort that subsequently 
were anesthetized together on 3 occasions. Mice were indi-
vidually identified by tail tattoo (Labstamp system, Somark 
Innovations, San Diego CA.) to ensure that each mouse received 
all 3 treatments overall.

All animal work was performed within the University of Pitts-
burgh’s AAALAC-accredited animal program and was reviewed 
and approved by the IACUC. Animals were housed on a 12:12-h 
light:dark cycle at 22 ± 1 °C and 45% ±10% humidity. Animals 
were maintained SPF for Myobia, Mycoptes, Radfordia, Aspicularis, 
Syphacia, Mycoplasma pulmonis, CAR bacillus, Encephalitozoon cu-
niculi, mouse parvovirus, minute virus of mice, mouse hepatitis 
virus, Theiler murine encephalomyelitis virus, murine rotavirus, 
Sendai virus, pneumonia virus of mice, reovirus, lymphocytic 
choriomeningitis virus, mouse adenovirus types 1 and 2, ectromelia 
virus, mouse pneumonitis virus (K virus), polyoma virus, mouse 
cytomegalovirus, Hantaan virus, mouse thymic virus, and lactate 
dehydrogenase elevating virus. Mice had unrestricted access to 
an irradiated diet (Purina ISO Pro Rodent 3000, LabDiet, St Louis, 
MO). Bedding was certified coarse-grade Aspen Sani-Chip (PJ 
Murphy Forest Products, Montville, NJ.) Standard enrichment was 
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formularies and administered by the technically simple intra-
peritoneal route, to determine which agent produced more rapid 
arousal of mice anesthetized with a commonly used ketamine– 
xylazine combination. The clinically relevant conclusion of this 
study is that mice anesthetized with xylazine and ketamine 
become ambulatory much sooner when the effects of xylazine 
are reversed by using an antagonist and that, at the doses and 
route of administration used, atipamezole returns the heart rate 
to normal and awakens the mice more quickly than yohimbine. 
We consider this effect to be desirable, provided that the factors 
mentioned in the Introduction are considered.

The normal resting heart rate of a mouse has been reported 
to be 450 to 500 beats per minute.36 The same reference states 
that the normal heart rate of a sleeping mouse is 350 to 450 beats 
per minute, 600 to 650 beats per minute after light activity, and 
750 to 800 beats per minute during hand restraint or treadmill 
exercise. The recorded heart rate of all our anesthetized mice 
was in the range of 250 to 350 beats per minute, confirming the 
bradycardia expected with use of an α2 agonist. After the ad-
ministration of atipamezole, heart rate began to increase within 
2 min and was fully elevated after 4 min. In contrast, the same 
initial effect was not seen with yohimbine until at least 7 min 
after administration, with full effect about 2 min later. In both 
cases, the peak elevated heart rate was less than 725 beats per 
minute and therefore less than the tachycardia associated with 
the stress of handling, indicating that we did no harm but also 
suggesting that we might explore lower doses of atipamezole.

Atipamezole is labeled for intramuscular injection, and there 
is pharmacokinetic data to show that the agent reaches its peak 
plasma concentration in dogs within 15 min after intramuscular 
injection.30,33 In addition, atipamezole is rapidly absorbed after 
subcutaneous injection.21,29 Pharmacokinetic data for yohimbine 
distribution and excretion after intravenous injection are pub-
lished, but data regarding the absorption and distribution of 
yohimbine after intramuscular or intraperitoneal injection have 
not yet been reported. Yohimbine is labeled only for intravenous 
injection in all species. We believe that the mice would have 
recovered more quickly had the yohimbine been given intrave-
nously as labeled. However, the administration of intravenous 
injections to mice is technically demanding due to the small 

Data analysis and statistics. Data generated by the oximeters 
were saved as .log text files, which were imported into a spread-
sheet program (Excel, Microsoft, Redmond, WA) as fixed-width 
data fields. The interval between time stamps at ‘administration 
of reversal agent’ and ‘return of righting reflex 3 times within 60 
s’ was calculated. Preliminary statistics were run in Excel, and 
further statistical analysis run in Minitab (Minitab, State Col-
lege, PA.) Repeated-measures ANOVA was run on the complete 
dataset. To confirm that the accidental early administration of 
the reversal agents to 3 mice on the same day did not affect 
the study conclusions, the dataset was also analyzed by using 
single-factor ANOVA with those data points included and ex-
cluded. Tukey post hoc tests and 95% confidence intervals were 
obtained to confirm significant differences between groups.

Results
After the injection of xylazine–ketamine, mice lost righting 

reflex after 3.0 ± 1.3 min (mean ± 1 SD). Mice treated with saline 
15 min after ketamine–xylazine administration remained anes-
thetized for an additional 38.2 ± 7.5 min, for an approximate 
total of 50 min of lateral recumbency. Mice recovered 21.3 ± 5.6 
min after intraperitoneal administration of yohimbine, and mice 
treated with intraperitoneal atipamezole recovered in 10.3 ± 6.4 
min. Statistical analysis confirmed a significant main effect of 
reversal drug on recovery time (F2,34 = 134.98, P < 0.001) and 
that the means of all groups differed significantly with each 
other (Figure 1). These data indicate that recovery time after 
intraperitoneal administration of atipamezole (1 mg/kg) is 
significantly faster than that after yohimbine (1.5 mg/kg IP), 
which is still faster than the time to recovery after no antagonist. 

Heart rate data from 2 of the 3 oximeters contained many 
gaps due to use of too-large annular probes on tails and paws; 
the sole oximeter with an appropriately fitting probe generated 
high-quality data (Figure 2). From the data collected, we made 
the following generalizations. Heart rates of mice anesthetized 
with ketamine–xylazine were typically in the bradycardic range 
of 250 to 350 beats per minute. Heart rates of mice injected 
with saline remained in this same range for an additional 25 
min and then increased only slightly as mice awakened. The 
groups treated with yohimbine and atipamezole both showed 
increases in heart rate, with similarly shaped curves, to a physi-
ologically normal range of approximately 600 beats per minute 
shortly before waking. The difference between the yohimbine 
and atipamezole groups is that, after atipamezole treatment, 
this effect on heart rate began within 2 min and was complete 
within 4 min, whereas after yohimbine treatment there was 
a 7-min lag before the effect was first noted. Abrupt onset of 
a characteristic whisker twitch was noted in most animals, 
including the saline controls. It typically coincided with the 
steep upslope in heart rate in mice treated with reversal agents 
and with the subtle increase in heart rate seen in the controls 
and is a useful indicator of animal awakening when advanced 
monitoring equipment is unavailable.

Discussion
Although very effective and used frequently, α2 adrenergic 

agonist sedatives, including xylazine, inherently produce 
undesirable side effects due to the activation of α2 receptors 
throughout the body. Animal wellbeing can be improved by 
minimizing the duration of this derangement and returning the 
animal to a normal physiologic state through the administration 
of an α2 adrenergic antagonist as soon as anesthesia is no longer 
required. Here we compared the 2 available α2 antagonists, 
atipamezole and yohimbine, at doses recommended in rodent 

Figure 1. Time to return of the righting reflex in mice anesthetized 
with the α2 agonist xylazine, in combination with ketamine, after in-
traperitoneal administration of either of the α2 antagonists atipam-
ezole (1 mg/kg IP) and yohimbine (1.5 mg/kg IP) or saline (control). 
At these dosages, atipamezole (mean ± 1 SD, 10.3 ± 6.5 min) resulted 
in the most rapid recovery of the mice to sternal recumbency, allow-
ing for prompt return of the mice to the home cage after anesthesia, 
compared with yohimbine (21.3 ± 5.6 min) and saline (38.2 ± 7.5 min). 
The 3 data points designated by triangles indicate a technical error, in 
which the antagonist was given at 10 min, rather than 15 min, after the 
anesthetic combination.
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beneficial and indicated and agree with the authors of the previ-
ous study6 that the ideal time of administration must be carefully 
weighed. Finally, we note that the half-life of medetomidine is 
much longer than that of xylazine, and the receptor affinity much 
greater; therefore, although parallels can be drawn between our 
current and the previous study,6 direct comparisons may not.

In conclusion, we recommend that when mice are sedated or 
anesthetized with a drug combination containing xylazine for a 
procedure of short duration, xylazine-associated effects should 
be reversed at the end of the procedure by the administration of 
an antagonist, unless a specific contraindication is present. The 
effects of all other medications that have been administered to 
the animal should be considered in the decision to remove the 
effects of the α2 agonist, with particular attention given to the 
time allowed for metabolism of ketamine and to the adequacy 
of pain control. The dose of antagonist should be minimized, to 
avoid anxiogenic effects. At the doses and route (intraperitoneal) 
tested, atipamezole safely awakened ketamine–xylazine-
anesthetized mice more quickly than yohimbine. We believe 
that lower doses of atipamezole should be explored, in light of 
the mild tachycardia that occurred. The use of yohimbine by 
alternative routes of administration or at higher doses might be 
explored, but in light of published data from rats25, higher doses 
by the intraperitoneal route might be expected to cause adverse 
effects without improved time to recovery. We also recommend 
the comparison of atipamezole with tolazoline.
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size of the veins, and although many researchers successfully 
inject mice intravenously, many others are uncomfortable with 
the technique. The intent of this study was to encourage the use 
of an antagonist as an anesthetic reversal agent by researchers 
who are not currently using one and to evaluate which of 2 read-
ily available drugs is more efficacious when given by a route 
of administration with which most researchers are proficient.

A similar study in which medetomidine was reversed with 
atipamezole (5 mg/kg SC) recommended against administering 
the α2 antagonist too soon after administration of the ketamine–
medetomidine combination.6 The authors noted vocalization and 
a delay in return to full ambulation in mice given atipamezole 
after 10 min as compared with 40 min. The vocalization can be 
accounted for by the premature administration of the antagonist, 
leaving the ketamine as a sole agent, as the authors surmised. 
However, we also suggest that the 5-mg/kg dose of atipamezole 
may have been excessively high to counter the 1-mg/kg medeto-
midine dose and might have led to anxiogenesis as a direct result 
of the α2 antagonism at the brainstem and resulting norepinephrine 
release.40 Other authors, using yohimbine and atipamezole as an 
established research model for anxiogenesis, demonstrated that 
atipamezole given at 3 mg/kg to an unsedated mouse caused a 
measurable increase in startle.40 From this finding, we speculate 
that any atipamezole given in excess of the minimum necessary 
to reverse the sedative effect may add undue anxiety. We make 
this suggestion to encourage further refinement by tailoring both 
dose and time of administration of the antagonist to the sedation 
protocol used and the type of procedure performed. Regarding the 
delay in return of ambulation observed in a previous study,6 we 
note that although the mice that received atipamezole prematurely 
took longer to ambulate than those given the antagonist later, both 
groups regained the ability to ambulate more than 2 h sooner than 
the control group, which was not given any antagonist. We inter-
pret this result as clear evidence that the use of an α2 antagonist is 

Figure 2. Stacked graph of heart rates of mice anesthetized with the α2 agonist xylazine, in combination with ketamine, from the time of intra-
peritoneal administration of either of the α2 antagonists atipamezole and yohimbine or saline (control) until return of righting reflex. The lower 
graph represents mice given saline, which remain anesthetized for an additional 38.0 ± 7.46 min and are bradycardic for most of that time. The 
heart rate of mice given atipamezole (1 mg/kg IP; top graph) begins to rise almost immediately and is normal or mildly tachycardic within 4 
min; some mice begin to recover the righting reflex shortly thereafter. Yohimbine (1.5 mg/kg IP, middle graph) causes a similar rise in heart rate 
as that of atipamezole, but there is a delay of 7 to 10 min before the first effect is seen. The end of each tracing (circled) represents the return of 
the righting reflex, removal of the oximeter probe, and return of the mouse to its home cage. The upward spikes (asterisks) are artificial and were 
placed in the data stream to mark the time of onset of a characteristic rapid whisker twitch that was observed in all groups and which seemed 
to be an easily noted sign of impending recovery.
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