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Effects of Early Atipamezole Reversal of
Medetomidine-Ketamine Anesthesia in Mice

Naomi J Baker," John C Schofield,? Mark D Caswell,? and Alexander D McLellan’*

Rodents are often anesthetized by using ketamine and medetomidine, with reversal by atipamezole. Methods vary for
times of administration of the atipamezole, and literature is lacking regarding appropriate reversal time. We investigated
the recovery of mice reversed with atipamezole 10 min (early) or 40 min (late) after induction of anesthesia. Time to regain
pinch-reflex or righting reflex did not differ between the 2 reversal points, but time to walking was significantly greater in
mice that underwent early reversal with atipamezole. This delay was not mitigated by administration of atropine as part of
the anesthetic regimen. Inclusion of acetylpromazine in the anesthetic regimen shortened the time needed to reach a surgical
plane of anesthesia but also prolonged recovery times as determined by righting reflex and time to walking.

The combination of ketamine and medetomidine is used
widely for injectable anesthesia of sheep, primates, cats, dogs,
pigs, rabbits, and small rodents.>¢°2* Atipamezole is used in
conjunction with these to reverse medetomidine-induced an-
esthesia, analgesia, and muscle relaxation, resulting in much
shorter recovery times for animals than can be achieved with
barbiturate-based anesthesia. The manufacturer’s protocol
is unclear regarding the optimal time at which to administer
atipamezole to achieve reversal, and little is known about how
the timing of reversal may affect anesthetic outcome. One
study noted prolonged recovery times with early reversal in
reindeer, which showed an elimination half-life of 76 min for
medetomidine and 60 min for atipamezole,? and suggested
that residual medetomidine may lead to a ‘resedation effect.’
In a recent survey, approximately 5% of veterinarians reported
observing resedation effects after atipamezole administration.!4
An interval of 15 to 40 min between administration of medeto-
midine and reversal with atipamezole was recommended for
use in rabbits, but the reasoning behind this recommendation
was not given.??

Ketamine acts as an antagonist of the N-methyl-D-aspartate
receptor by blocking the effects of the excitatory neurotransmit-
ter glutamate at this receptor and perhaps preventing central
sensitization.? In addition, ketamine is a sympathetic nervous
system stimulant of cardiovascular activity.”? Medetomidine is
an o2-adrenoceptor agonist that acts at central receptors to cause
sedative and analgesic effects. In addition, medetomidine is a
depressant of the sympathetic nervous system, lowering heart
rate and blood pressure, and has diuretic effects.!>” In humans,
medetomidine has the benefit of reducing ketamine-induced
postanesthetic delirium, but a similar benefit in small animals
has not been shown.!” The stimulatory effects of ketamine on the
heart and circulation counterbalance the depressant effects of
medetomidine,'*!8 and together these agents achieve adequate
anesthesia and analgesia for surgical procedures.3612152224,25

Atropine, an anticholinergic agent,*'%!° is sometimes used
in conjunction with ketamine-medetomidine, because it pre-
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vents medetomidine-induced bradycardia.>?!?” In addition,
atropine causes bronchodilation and decreased bronchial
secretions.*>1921 Acetylpromazine is a dopamine receptor
antagonist with tranquilizer effects and can be used with
ketamine-medetomidine to induce a surgical plane of an-
esthesia.!® Atipamezole is an 02-adrenoceptor antagonist that
rapidly reverses the effects of medetomidine on central and
peripheral receptors to restore cardiovascular, respiratory, and
gastrointestinal function, thereby markedly decreasing recovery
time.!2 Because medetomidine-induced anesthesia can result in
hypothermia, hypotension, and bradycardia, 122327 the use
of atipamezole may benefit anesthetic recovery in rodents, by
speeding recovery to walking, drinking, and eating and reduc-
ing the chances of anesthesia-induced hypothermia.

We completed an observational study to investigate recovery
parameters for mice treated with ketamine-medetomidine and
reversed with atipamezole at 10 min (early) or 40 min (late) after
initiation of anesthesia. Both early and late reversal times were
assessed, because early reversal might be used after short-term
immobilization, as for minimally or noninvasive procedures
(such as radiography or bioimaging), whereas later reversal
typically would follow surgery. In addition, because little infor-
mation is available on the effect of atropine and acetylpromazine
on induction time to surgical plane of anesthesia and time to
recovery, we investigated the effect of the addition of these
2 drugs to the medetomidine-ketamine regimen.

Materials and Methods

Mice and anesthetic protocols. Protocol approval was ob-
tained from the local Animal Ethics Committee. Mice were
obtained from Jackson Laboratory (Bar Harbor, ME) and bred
under SPF conditions at the University of Otago, maintained at
20 + 2 °C under a 12:12-h light:dark cycle, housed on corncob
bedding, and tested for specific pathogens in accordance with
international guidelines.!! All mice were maximally bright, alert,
and responsive and were within the weight range of 17 to 23 g.
All mice were female, inbred BALB/cJ mice of similar age (9 to
12 wk), from the same breeding facility. Groups of 6 BALB/cJ
mice were weighed, treated with mineral oil to prevent corneal
drying, and injected (subcutaneously in the right flank) with ket-
amine (75 mg/kg; Parnell NZ, Auckland, NZ) and medetomidine
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Figure 1. Individual scores (mean, n = 6) for hindfoot, forefoot, and

tail reflexes of mice anesthetized with ketamine-medetomidine only.

(1 mg/kg; Pfizer Animal Health, Auckland, NZ) with or with-
out atropine (0.05 mg/kg) or acetylpromazine (1mg/kg; both
from Phoenix Pharm, Auckland, NZ, and both administered
subcutaneously in the left flank). Anesthesia was reversed with
atipamezole (5 mg/kg SC left flank; Pfizer Animal Heath) at 10
or 40 min after injection of ketamine-medetomidine. All drugs
were diluted in saline and administered in a final volume of
100 pL. Saline was given in the place of omitted drugs to main-
tain the injection volume among mice. Dosing was staggered,
with mice being anesthetized 5 to 10 min after one another.
Mice were placed supine in separate plastic containers on a
prewarmed 37 °C heated pad. In all experiments, mice were
monitored until normal walking ability had returned, after
which they were monitored for general condition (bright, alert,
responsive) and food and water intake for a further 48 h.
Reflex testing. For each mouse, a forelimb, a hindlimb, and
the tail were pinched with blunt, plastic forceps for as long as 2 s
every 5 min after administration of drugs until complete loss or

Atipamezole reversal of ketamine-medetomidine anesthesia in mice

gain of reflexes was recorded at 2 successive time points. Reflex
scoring was performed by a single operator, based on the strength
of the reaction on a scale of 0 to 3: 0, no reaction; 1, slow and weak
reaction; 2, strong but slow reaction; 3, quick and strong reaction
(consistent with the normal preanesthetic state). Summing the
scores for each of these reflexes yielded a possible maximal com-
bined reflex score (CRS) of 9. The time taken to regain the righting
reflex (turning supine to prone) was recorded. Regarding quantita-
tion of ‘recovery of walking,” we observed in a preliminary study
that recovery of walking begins with movement of the forefeet
alone, followed by dragging of the hindquarters, and eventual
involvement of the hindfeet to allow sustained walking. Therefore,
time to recovery of walking is defined in the current study as the
time to sustained walking that involves the hind feet. One or more
instances of audible vocalisation?® (defined here as a high-pitched
noise occurring with respiration) were recorded by the operator
as a positive value for vocalization. Mice were anesthetized at
the same time of day to control for circadian (diurnal) variation.
The data first were assessed for normality, and selected data sets
assigned a priori were analyzed for significance by parametric,
2-tailed t tests by using Graph Pad Prism 5 (GraphPad Software,
La Jolla, CA). A P of less than 0.05 was defined as the level of
statistical significance.

Results

Reflex monitoring. We initially investigated the reflex response
at different anatomic sites in mice after ketamine-medetomidine
anesthesia, but the time to loss of hindfoot, forefoot, and tail
reflexes varied greatly (Figure 1). Due to these differences, we
monitored the combined reflex score (CRS) in the current study.
Therefore a CRS of 0 reflects complete loss of reflex response
after pinch stimulation at the forelimb, hindlimb, and tail sites.

Effect of acetylpromazine and atropine on reflex loss and
recovery. The average time between administration of ketamine—
medetomidine and reaching a surgical plane of anesthesia (CRS
= 0) was significantly (P < 0.05) shorter when acetylpromazine
was included (Figures 2 and 3 A). However, acetylpromazine
significantly (P < 0.05) increased recovery time, as determined
by righting reflex and time to walking (Figure 3 C and D). In
contrast, coadministration of atropine did not significantly alter
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Figure 2. Time course showing the combined reflex scores (mean) of mice (1 = 6) treated with different regimens. Anesthesia was initiated at time
0. ACE, acetylpromazine; ATI, atipamezole; ATRO, atropine; KET, sketamine; MED, medetomidine.
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Figure 3. Time to (A) achieve a combined reflex score (CRS) of 0, (B) achieve a CRS of 9, (C) regain righting reflex (RR), and to (D) resume walking
well according to treatment group. Times to recovery for each parameter for ketamine-medetomidine-only mice are plotted (from ¢ = 0) in panels
B through D and are shown for descriptive comparison only. Values for atipamezole-reversed mice are plotted as times starting from the point
of atipamezole reversal (f = 10 or ¢ = 40). Unless indicated, there was no significant difference between atipamezole-reversed groups. *, P < 0.0001;
*, P <0.05; ACE, acetylpromazine; ATI, atipamezole; ATRO, atropine; K/M, ketamine-medetomidine; Sal, saline.

the time to complete reflex loss in ketamine-medetomidine-
anesthetized mice (Figures 2 and 3 A), nor did it alter recovery
time (Figures 2 and 3).

Reflex response after early and late reversal with atipamezole.
Groups that received atipamezole at 10 min after initiation of
anesthesia did not differ from the those that received the reversal
agent at 40 min in the time needed to regain a CRS of 9 (Fig-
ure 3 B) or the righting reflex (Figure 3 C). However, the time

to walking was significantly (P < 0.05) delayed in the groups
undergoing early (10 min) as compared with late (40 min) ati-
pamezole reversal (Figure 3 D). Vocalization was recorded in
4 of the 6 mice that underwent atipamezole reversal at 10 min.
This vocalization was not mitigated by atropine (5 of 6 mice)
and was not observed in mice reversed at 40 min. Regardless of
group, there were no mortalities and no weight loss or reduced
water intake at 24 and 48 h after anesthesia.
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Discussion

In the current study, we have shown that early administration
of atipamezole to reverse ketamine-medetomidine-induced an-
esthesia (that is, at 10 min after anesthesia induction) can prolong
the recovery time of mice. This effect was exemplified by the
delayed time to walking in the early atipamezole reversal group.
The lack of a significant difference in the regaining of full CRS
and righting reflex between the 10 min and 40 min atipamezole
reversal groups suggests that the prolonged time to walking was
not related to pedal withdrawal reflex activity, because the mice
had full reflexes at similar times in both of these groups. The
time to normal locomotion is a biologically important parameter
because the more rapid the return to normal water and food
intake, the faster the animal will regain homeostasis. In addition,
prompt regaining of locomotion may reduce anesthesia-induced
hypothermia. Vocalization was noted in groups that underwent
early atipamezole reversal. Vocalization may occur during
painful or stressful procedures.?® Although we did not try to
determine the cause of vocalization in the current study, it may
have been indicative of animal disorientation, nausea, or pain.
Anecdotal evidence at our facility, supported by reports in the
literature,'#?" alerted us to the possibility that early atipamezole
reversal of ketamine-medetomidine-induced anesthesia might
lead to delayed recovery or even death. Because atipamezole
administration may antagonize the antinocociceptive effects
of opioids,'® we urge consideration of inclusion of appropriate
analgesia to accompany atipamezole use.

Because the addition of atropine to the anesthetic regimen did
not alter the variables measured in this experiment, atropine
does not seem to alter the extended recovery time associated
with early atipamezole reversal of ketamine-medetomidine
anesthesia. The effectiveness of atropine in preventing medeto-
midine-induced bradycardia or reducing lung secretions*!° was
not investigated in the current study. Atropine has the potential
to induce hypertension and tachycardia in dogs? and humans."”
The effect of atropine on blood pressure and heart rate in mice
has not been investigated extensively and may be minimal.*”8
However, the use of atropine for anesthetic protocols remains
controversial.>? Although no mice died during the current
study, further trials on larger groups, using both sexes and
other strains of mice, may be necessary to uncover adverse
effects of either atropine administration? or early atipamezole
reversal.420

Our additional finding was significant differences in the time
to loss of forelimb, hindlimb, and tail reflexes (Figure 1). This
finding emphasizes the need to test all of these reflexes before
beginning a major surgical procedure. The tail reflex appears
to give a false-negative test result, and neither forelimb nor
hindlimb should be used alone. This dilemma presents an
animal welfare concern if personnel performing surgery rely
on a single reflex test to judge the depth of surgical anesthesia.
In mice anesthetized with medetomidine—ketamine, consider-
able delay in the loss of pedal withdrawal after induction (as
determined by sedation and loss of righting reflex) has been
reported.®’ Although the pedal withdrawal test is likely to be
a conservative indicator of the surgical plane of anesthesia, it
is a useful benchmark to include in the CRS for major surgery,
particularly when access to more sophisticated monitoring
equipment is not available.

The time to achieve a CRS of 0 was shortened significantly
when acetylpromazine was added, providing a useful regimen
for those wishing to begin procedures more promptly. The use
of acetylpromazine, however, did significantly prolong recovery
times, as determined by the righting reflex and time to walking.

Atipamezole reversal of ketamine-medetomidine anesthesia in mice

Therefore, acetylpromazine-mediated delays in recovery from
ketamine-medetomidine anesthesia may delay homeostatic
recovery and increase the probability of hypothermia. The deci-
sion to add this drug to the regimen should be made based on
the specific requirements of the intended procedure.

In light of the current study, we make the following recom-
mendations to optimize anesthetic protocols to avoid prolonged
recovery in rodents: anesthesia should be administered 40 min
before surgery when medetomidine-ketamine is used or 25 min
beforehand when acetylpromazine is added; both forelimb and
hindlimb reflexes should be absent before commencement of
surgery; and atipamezole should be administered no sooner
than 40 min after administration of ketamine-medetomidine.
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