Hindawi Publishing Corporation
Anesthesiology Research and Practice
Volume 2017, Article ID 9161040, 7 pages
http://dx.doi.org/10.1155/2017/9161040

Research Article

Injectable Anesthesia for Mice: Combined Effects of
Dexmedetomidine, Tiletamine-Zolazepam, and Butorphanol

Laura A. Cagle,' Lisa M. Franzi,' Steven E. Epstein,’ Philip H. Kass,’
Jerold A. Last," and Nicholas J. Kenyon'

'Division of Pulmonary, Critical Care, and Sleep Medicine, School of Medicine, University of California, Davis, CA, USA
Department of Surgical and Radiological Sciences, School of Veterinary Medicine, University of California, Davis, CA, USA
3Department of Population Health and Reproduction, School of Veterinary Medicine, University of California, Davis, CA, USA

Correspondence should be addressed to Laura A. Cagle; lacagle@ucdavis.edu
Received 26 October 2016; Revised 9 December 2016; Accepted 19 December 2016; Published 22 January 2017
Academic Editor: Ronald G. Pearl

Copyright © 2017 Laura A. Cagle et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Anesthetic protocols for murine models are varied within the literature and medetomidine has been implicated in the development
of urethral plugs in male mice. Our objective was to evaluate the combination of butorphanol, dexmedetomidine, and tiletamine-
zolazepam. A secondary objective was to identify which class of agent was associated with urethral obstructions in male mice.
BALB/c male (n = 13) and female (n = 23) mice were assigned to dexmedetomidine and tiletamine-zolazepam with or
without butorphanol or to single agent dexmedetomidine or tiletamine-zolazepam. Anesthesia was achieved in 58% (14/24) of
mice without butorphanol and in 100% (24/24) of mice with butorphanol. The combination of dexmedetomidine (0.2 mg/kg),
tiletamine-zolazepam (40 mg/kg), and butorphanol (3 mg/kg) resulted in an induction and anesthetic duration of 12 and 143
minutes, respectively. Urethral obstructions occurred in 66% (25/38) of trials in male mice that received dexmedetomidine with a
mortality rate of 38% (5/13). Tiletamine-zolazepam, when used alone, resulted in a 0% (0/21) incidence of urethral obstructions.
Combination use of dexmedetomidine, tiletamine-zolazepam, and butorphanol results in a longer and more reliable duration of
anesthesia than the use of dexmedetomidine and tiletamine-zolazepam alone. Dexmedetomidine is not recommended for use in
nonterminal procedures in male mice due to the high incidence of urethral obstructions and resultant high mortality rate.

1. Introduction

Optimized injectable and inhalational anesthetic protocols
for hours-long anesthesia are essential for laboratory animal
research. Many laboratories do not have the ability to use
inhalational vapor anesthesia, necessitating the use of injecta-
ble anesthetics. Researchers have utilized a wide array of
injectable anesthetic protocols including the use of barbitu-
rates, ketamine, or xylazine with varying success [1-9].

The use of dexmedetomidine in conjunction with tileta-
mine-zolazepam with or without the addition of an opioid
as an anesthetic protocol has yet to be evaluated in a mouse
model. An opioid receptor agonist can be added to an anes-
thetic regimen to reduce the dosing of other agents or prolong
the duration of anesthesia in some species [10], but we do not
know whether this is true in a murine model. Urethral

obstructions using medetomidine (combination of lev-
omedetomidine and dexmedetomidine isomer) in combina-
tion with ketamine have been documented in male mice [11,
12]. The occurrence of urethral obstructions with the use of
medetomidine and ketamine is presumed to be due to the use
of medetomidine, as ketamine-xylazine anesthesia has not
been associated with this adverse effect [12].

The purpose of this study was to determine whether the
addition of an opioid would prolong the anesthetic effects
of the combination of dexmedetomidine and tiletamine-
zolazepam (Telazol®). A secondary objective was to establish
a reliable anesthetic protocol for use in mice by determining
appropriate drug dosages. A tertiary objective of this study
was to determine which anesthetic agent was associated with
urethral obstructions in male mice.
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TABLE 1: Anesthetic combinations of dexmedetomidine and tiletamine-zolazepam with or without butorphanol. BALB/c female mice were
assigned with the intent for six mice in each group, but, due to the high mortality associated with the use of tiletamine-zolazepam above
50 mg/kg, groups were reduced. Dexmedetomidine and tiletamine-zolazepam were given IP and butorphanol was given SC.

Dexmedetomidine (mg/kg)
Tiletamine-zolazepam (mg/kg)

Dexmedetomidine (mg/kg)
Tiletamine-zolazepam (mg/kg)

Butorphanol (3 mg/kg)
(n)
()

0.4 0.4 0.4 0.2 0.2 0.2
20 40 60 10 20 40
(n=6) (n=6) (n=3) (n=6) (n=6) (n=6)
0.6 0.6 0.6 0.4 0.4 0.4
20 40 60 10 20 40
(n=106) (n=06) (n=3) (n=106) (n=06) (n=06)
0.8 0.8 0.8 0.6 0.6 0.6
20 40 60 10 20 40
(n=6) (n=35) (n=2) (n=6) (n=16) (n=16)
2. Animals respectively. Mice were given at least 48 hours between

Specific pathogen-free BALB/c mice (n = 36), 14-25 grams,
4-16-week-old males and females, were obtained from Jack-
son Laboratory (Bar Harbor, ME) and allowed to acclimatize
for one week prior to study enrollment. Animals were housed
in plastic cages over autoclaved bedding in a HEPA-filtered
laminar flow cage rack on a 12-hour light/dark cycle. All mice
were allowed free access to water and a standard diet (Purina
Rodent Chow). Procedures with the mice were performed in
accordance with an approved IACUC protocol. Mice were
routinely screened and cared for by the veterinary staft of
the Animal Resource Service at the University of California,
Davis, in AAALAC-accredited facilities.

3. Materials and Methods

3.1. Anesthetic Protocols. Females (n = 23) were assigned to
receive combinations of dexmedetomidine and tiletamine-
zolazepam (DTZ) or combinations of dexmedetomidine,
tiletamine-zolazepam, and butorphanol (DTZB) as shown
in Table 1. Mice were not assigned to the same dosage
group more than once. Dosages in the DTZ group started
at 0.4 mg/kg and 20 mg/kg and increased to 0.8 mg/kg and
60 mg/kg, respectively. Dosages in the DTZB group started at
0.2 mg/kg, 10 mg/kg, and 3 mg/kg and increased to 0.6 mg/kg,
40 mg/kg, and 3 mg/kg, respectively. Dexmedetomidine and
tiletamine-zolazepam were administered intraperitoneally
(IP) while butorphanol was administered via a subcutaneous
(SC) injection.

Male mice (n = 13) were assigned to groups receiving
dexmedetomidine and tiletamine-zolazepam (n = 7), dexme-
detomidine (n = 2), or tiletamine-zolazepam (n = 4). Mice
were not assigned to the same dosage group more than once.
Dexmedetomidine-only animals received dosages ranging
from 0.025 to 0.6 mg/kg, while the tiletamine-zolazepam-
only groups received dosages ranging from 10 to 80 mg/kg.
Combination groups of dexmedetomidine and tiletamine-
zolazepam received 0.2 to 0.8 mg/kg and 0 to 50 mg/kg,

injections and each mouse received multiple injections over
a four-week period.

3.2. Anesthetic Monitoring and Recovery. Mice were placed on
warming pads and monitored continuously, with assessment
of heart rate, respiratory rate, response to noxious stimula-
tion, movement, and ambulation every 15 minutes. Heart and
respiratory rates were determined by auscultation. Response
to noxious stimulation was determined by a negative toe
pinch response. Urinary bladder palpation and expression, if
needed, were performed every 15 minutes in the male mice
and every 60 minutes in the female mice. Urethral plugs, if
noted in the distal urethra, were manually extracted. Induc-
tion time, anesthetic duration, heart rate, respiratory rate, and
the time for return of movement, ambulation, and righting
ability were recorded. Induction time was defined, for the
purpose of this paper, as the time from anesthetic injection to
an absent response to noxious stimulation. Anesthetic dura-
tion was defined as the period of time without a response to
noxious stimulation after anesthetic induction with survival
to anesthetic recovery. Anesthetic recovery was defined as the
time for movement, ambulation, and righting ability to return
from the initial injection; we used this definition to keep con-
sistency amongst groups that did not result in an anesthetic
level. Mice were given at least 48 hours of recovery between
injections. Mice were euthanized at the end of the study
period with an intraperitoneal overdose of pentobarbital.

3.3. Statistics. Data were analyzed using GraphPad Prism
version 6 (San Diego, CA) and Stata/IC 13.1 (College Station,
TX). Mice were grouped based on anesthetic drug combina-
tions (DTZ and DTZB) and then subgrouped based on drug
dosages. Mixed-effects logistic regression was used to evalu-
ate the effects of anesthetic drug doses on the ability to induce
an acceptable level of anesthesia; results are presented as odds
ratios and 95% confidence intervals (95% CI). Mixed-effects
linear regression was used to compare the effects of anes-
thetic drug dosages on anesthetic induction, duration, and
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TABLE 2: Trials with dexmedetomidine and tiletamine-zolazepam (DTZ). Dexmedetomidine and tiletamine-zolazepam were administered
IP and butorphanol was administered at 3 mg/kg SC. Data is reported in marginal means and standard error.

Anesthetic

Recovery

duration time Agesthesia Heart rate Respiratory
(minutes) (minutes) achieved (%) (bpm) rate (bpm)
Dexmedetomidine 0.4 mg/kg
Tiletamine-zolazepam
20 mg/kg 63 (£22) 279 (£25) 50% (3/6) 187 (+14) 128 (£3)
40 mg/kg 67 (+22) 240 (+25) 33% (2/6) 222 (+14) 136 (£3)
60 mg/kg 77 (£22) 240 (+25) 33% (1/3) 227 (+20) 135 (+4)
Dexmedetomidine 0.6 mg/kg
Tiletamine-zolazepam
20 mg/kg 23 (+16) 222 (£17) 67% (4/6) 229 (+14) 134 (£3)
40 mg/kg 73 (+13) 265 (£16) 100% (6/6) 209 (+14) 132 (£3)
60 mg/kg 47 (£22) 243 (+25) 67% (2/3) 193 (+20) 130 (+4)
Dexmedetomidine 0.8 mg/kg
Tiletamine-zolazepam
20 mg/kg 58 (+18) 253 (+20) 50% (3/6) 254 (+14) 145 (£3)
40 mg/kg 48 (+18) 286 (£35) 40% (2/5) 207 (+16) 130 (+3)
60 mg/kg 175 (£31) 404 (+35) 50% (1/2) 233 (£25) 125 (£5)

recovery time, as well as their effects on heart and respiratory
rates; results are reported as predicted marginal means and
standard errors. Cox proportional hazards regression with
robust variance estimation to account for replicate measure-
ments in individuals was used to determine whether the
rate of induction varied depending on the anesthetic drug
administered; results are reported as hazard ratios (HR) and
95% confidence intervals (95% CI). p values < 0.05 were
considered statistically significant.

4. Results

4.1. Outcomes and Anesthetic Monitoring in Female Mice.
Female mice (n = 23) were assigned to the DTZ and DTZB
groups with the intent for six mice in each group, although,
due to the high mortality associated with the use of tileta-
mine-zolazepam above 50 mg/kg, numbers in each group
were adjusted. Anesthetic trials for the female mice amounted
to 43 in the DTZ group and 54 in the DTZB group, resulting
in an average of 4 anesthetic trials per mouse, and data are
reported in Tables 2 and 3.

Use of dexmedetomidine and tiletamine-zolazepam
(DTZ) achieved anesthesia in 58% (25/43) of the anesthetic
trials; there were three reported fatalities within this group
(dexmedetomidine 0.6 mg/kg and 0.8 mg/kg with tiletamine-
zolazepam 40 mg/kg). A strong association with acceptable
induction was noted with increasing the dosage of dexme-
detomidine from 0.4 mg/kg to 0.6 mg/kg (OR: 10.5, 95% CI:
1.4-80.8, p = 0.024), but the higher dosage of 0.8 mg/kg
compared to 0.4 mg/kg was not significantly improved (OR:
2.1,95% CI: 0.4-12.1, p = 0.40).

Anesthetic duration varied from 15 minutes to 165
minutes. Anesthetic duration was not significantly altered

by increased dosages of dexmedetomidine and tiletamine-
zolazepam. Heart rate was significantly elevated with
increased dosages of dexmedetomidine from 0.4 to 0.6 mg/kg
(187 t0 229 bpm, p = 0.041) and from 0.6 to 0.8 mg/kg (229 to
254 bpm, p = 0.001). Respiratory rate significantly increased
(128 to 145 breaths per minute) with increasing dosages of
dexmedetomidine in the tiletamine-zolazepam 20 mg/kg
group (p < 0.001). However, significant interactions were
noted for heart rate and respiratory rate with various dosages
of dexmedetomidine and tiletamine-zolazepam. At tileta-
mine-zolazepam dosages greater than 20 mg/kg, increasing
the dosages of dexmedetomidine resulted in a decreasing
trend in the respiratory rate.

Use of dexmedetomidine, tiletamine-zolazepam, and
butorphanol (DTZB) resulted in an anesthetic occurrence of
91% (48/54) in all groups and 100% (36/36) at dexmedetomi-
dine dosages of 0.2 to 0.6 mg/kg and tiletamine-zolazepam 20
to 40 mg/kg. One fatality was reported at dexmedetomidine
0.6 mg/kg, tiletamine-zolazepam 20 mg/kg, and butorphanol
3 mg/kg. Anesthetic duration ranged from 0 to 270 minutes.
Induction time ranged from 0 to 69 minutes and recovery
time ranged from 75 minutes to 425 minutes. No significant
changes in heart rate or respiratory rate were noted with
increasing the dosage of either dexmedetomidine or tileta-
mine-zolazepam within these groups. Anesthetic duration
and recovery time were increased with higher dosages of dex-
medetomidine and tiletamine-zolazepam (Table 3). The rate
of induction was significantly decreased with increased
dosages of tiletamine-zolazepam from 10 to 20 mg/kg (HR =
2.2,95% CI = 1.6-3.0, p < 0.001) and from 20 to 40 mg/kg
(HR = 4.6, 95% CI = 2.1-10.1, p < 0.001).

Dexmedetomidine and tiletamine-zolazepam at dosages
of 0.4 to 0.6 mg/kg and 20 to 40 mg/kg, respectively, were
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TABLE 3: Trials with dexmedetomidine, tiletamine-zolazepam, and butorphanol (DTZB). Dexmedetomidine and tiletamine-zolazepam were

administered IP and butorphanol was administered at 3 mg/kg SC. Data is reported in marginal means and standard error.

Anesthetic

Recovery

duration time Agesthesia Heart rate Respiratory
(minutes) (minutes) achieved (%) (bpm) rate (bpm)
Dexmedetomidine 0.2 mg/kg
Tiletamine-zolazepam
10 mg/kg 28 (+21) 105 (+16) 50% (3/6) 188 (12) 132 (+4)
20 mg/kg 73 (+16) 168 (+16) 100% (6/6) 191 (+12) 137 (+4)
40 mg/kg 143 (+16) 217 (+16) 100% (6/6) 198 (+12) 137 (+4)
Dexmedetomidine 0.4 mg/kg
Tiletamine-zolazepam
10 mg/kg 90 (+18) 161 (+16) 33% (2/6) 199 (+12) 129 (+4)
20 mg/kg 110 (+16) 224 (+16) 100% (6/6) 202 (+12) 134 (+4)
40 mg/kg 163 (+16) 273 (£16) 100% (6/6) 209 (+12) 134 (+4)
Dexmedetomidine 0.6 mg/kg
Tiletamine-zolazepam
10 mg/kg 80 (+16) 213 (+16) 100% (6/6) 195 (+12) 131 (+4)
20 mg/kg 195 (17) 276 (+17) 100% (6/6) 198 (+12) 136 (+4)
40 mg/kg 216 (+16) 325 (+16) 100% (6/6) 205 (+12) 136 (+4)
compared to the same dosages with the addition of butor- Urethral plug occurrence
phanol at 3 mg/kg SC. Anesthesia was achieved in 58% (14/24) 109
of mice without butorphanol and in 100% (24/24) of mice that »
received butorphanol. Induction time ranged from 16 to 90 ED 0.8
minutes without butorphanol and 8 to 51 minutes with butor- Y
phanol. The rate of induction was significantly decreased with < 0.6
the addition of butorphanol (HR = 4.2, 95% CI = 1.8-9.8, g
p =0.001). Direct statistical comparison between the groups e 04
with butorphanol and without butorphanol was unable to be §
evaluated, as all animals that received butorphanol achieved QE; 02
anesthesia. The odds ratio of dexmedetomidine at 0.4 mg/kg A
compared to 0.6 mg/kg for resulting in induction of anes-
thesia was 42.3 (95% CI: 1.0-1855, p = 0.052). Anesthetic 00 ' '
No urethral plug Urethral plug

duration ranged from 15 to 150 minutes without butorphanol
and from 60 to 270 minutes with butorphanol. Recovery time
ranged from 125 to 318 minutes without butorphanol and
from 124 to 425 minutes with butorphanol.

4.2. Outcomes and Adverse Effects in Male Mice. Male mice
(n = 7) had a total of 27 anesthetic trials in the DTZ group.
The two male mice (n = 2) receiving only dexmedetomidine
had a total of 12 anesthetic trials and male mice (n = 4) receiv-
ing only tiletamine-zolazepam had a total of 21 anesthetic
trials.

The incidence of urethral obstructions was 66% (25/38) in
male mice that received dexmedetomidine. Use of dexmedet-
omidine alone resulted in a 67% (8/12) incidence of urethral
plugs. When used in combination with tiletamine-zolaze-
pam, dexmedetomidine resulted in a 65% (17/26) incidence
of urethral plugs. Tiletamine-zolazepam, when used alone,
resulted in a 0% (0/21) incidence of urethral obstructions.

FIGURE I: Seminal coagulum plugs occurred at dosages ranging
from 0.05 to 0.8 mg/kg. No significant differences were noted in the
occurrence of a urethral plug based on the dosage of dexmedet-
omidine (p = 0.61). Data are presented as the mean + SEM.

The mean dosages of dexmedetomidine were 0.38 mg/kg in
the no urethral plug group and 0.42 mg/kg in the urethral
plug group, respectively. Increasing the dosage of dexmedeto-
midine was not associated with an increased occurrence of
urethral plugs as shown in Figure 1. Seminal coagulum plugs
varied in size from 2 mm to 8 mm. Necropsy confirmed the
presence of eosinophilic homogenous proteinaceous material
within the urinary bladder and the proximal urethra in one
mouse as shown in Figure 2. No bacteria or inflammatory
cells were noted within the plug, or within a seminal plug
submitted separately from a second mouse.
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TABLE 4: Recommended dosages of dexmedetomidine, tiletamine-zolazepam, and butorphanol. Dosages recommended for use were
determined based on anesthetic duration, induction, and recovery time, as well as safety, as measured by mortality. Increased dosages of
dexmedetomidine and tiletamine-zolazepam resulted in an increasing trend of anesthetic duration and recovery times. Dexmedetomidine
and tiletamine-zolazepam were administered IP and butorphanol was administered in all above listed trials at 3 mg/kg SC. Data are reported

in predicted marginal means and standard error.

Anesthetic

Recovery

duration time An.esthesia Heart rate Respiratory
(minutes) (minutes) achieved (%) (bpm) rate (bpm)
Dexmedetomidine 0.2 mg/kg
Tiletamine-zolazepam 20 mg/kg 73 (£16) 168 (£16) 100% (6/6) 191 (£12) 137 (+4)
Tiletamine-zolazepam 40 mg/kg 143 (+16) 217 (+16) 100% (6/6) 198 (+12) 137 (+4)
Dexmedetomidine 0.4 mg/kg
Tiletamine-zolazepam 20 mg/kg 110 (+16) 224 (£16) 100% (6/6) 202 (+12) 134 (4)
Tiletamine-zolazepam 40 mg/kg 163 (£16) 273 (+16) 100% (6/6) 209 (+12) 134 (+4)

(a)

(®)

FIGURE 2: Urinary bladder with homogenous proteinaceous material within it (a) and seminal coagulum plug pulled from the urethra in a

male mouse (b).

4.3. Mortality. Mortality due to anesthetic complications was
17.4% (4/23) in female mice and 15.4% (2/13) in male mice,
resulting in an overall mortality rate from anesthetic compli-
cations of 16.7% (6/36) in males and females. Mortality rates,
when calculated per anesthetic trial, gave an overall anes-
thetic mortality of 4.8% (6/124) in all anesthetic trials. Mortal-
ity increased with tiletamine-zolazepam at dosages of
50 mg/kg (n = 1) and 80 mg/kg (n = 1) as well as combina-
tions of dexmedetomidine and tiletamine-zolazepam at
0.6 mg/kg and 40 mg/kg (n = 1) and 0.8 mg/kg and 40 mg/kg
(n = 2) and dexmedetomidine 0.6 mg/kg, tiletamine-zolaze-
pam 20 mg/kg, and butorphanol 3 mg/kg (1 = 1). The mortal-
ity rate due to urethral obstructions was 38% (5/13). Recom-
mended dosages are reported in Table 4 and the drugs used
at these dosages had a 0% (0/36) mortality rate. Use of tileta-
mine-zolazepam at dosages of 40 mg/kg resulted in a 0%
(0/36) mortality rate when used in combination with dexme-
detomidine at dosages less than or equal to 0.4 mg/kg.

5. Discussion

Dexmedetomidine and tiletamine-zolazepam, when used in
combination, provided inconsistent levels of anesthesia. The
addition of an opioid such as butorphanol resulted in ade-
quate to excellent levels of anesthesia at appropriate dosages.
Sedation of male mice with dexmedetomidine resulted in a
66% incidence of urethral obstructions and a 38% mortality
rate due to urethral obstructions.

Use of dexmedetomidine and tiletamine-zolazepam was
poor at inducing a reliable plane of anesthesia and increased
dosages resulted in a higher mortality rate. Induction was
faster when the dosage of dexmedetomidine was increased
from 0.4 to 0.6 mg/kg, but a ceiling affect was reached at
dosages above 0.6 mg/kg. Anesthetic duration was not sig-
nificantly altered by increased dosages of dexmedetomidine
or tiletamine-zolazepam, suggesting that a ceiling effect was
reached with these two anesthetic drugs with no benefit



of increasing dosages above 0.6 mg/kg of dexmedetomidine
or 40 mg/kg of tiletamine-zolazepam. Without the addition
of an opioid, the combination of dexmedetomidine and
tiletamine-zolazepam cannot be recommended as an anes-
thetic protocol. This was an unexpected occurrence as the dis-
sociative anesthetic (tiletamine-zolazepam) is thought to be a
reliable anesthetic drug in multiple mammalian species. We
theorize that in BALB/c mice the combination of these two
drugs creates a narrow therapeutic index with the toxic dose
in some individuals being lower than the anesthetic dose.

The addition of butorphanol resulted in a 100% (36/36)
occurrence of anesthesia at dosages 0f 0.2 to 0.6 mg/kg of dex-
medetomidine and 20 to 40 mg/kg of tiletamine-zolazepam,
indicating that the addition of an opioid resulted in a consis-
tent plane of anesthesia at this dose range. Induction time was
significantly decreased with increasing dosages of tiletamine-
zolazepam, whereas anesthetic duration and recovery time
were significantly increased with increased dosages of
dexmedetomidine and tiletamine-zolazepam. Direct com-
parison of the addition of butorphanol was achieved at
dexmedetomidine dosages of 0.4 to 0.6 mg/kg with tileta-
mine-zolazepam dosages of 20 to 40 mg/kg, respectively.
Anesthesia was achieved in all groups with the addition of
butorphanol and only 58% (14/24) of groups without butor-
phanol, indicating the need for an opioid to achieve a reliable
plane of anesthesia. This is likely due to the addition of a drug
with sedative effects at a different receptor site (kappa agonist)
potentiating the effect of dexmedetomidine and tiletamine-
zolazepam thereby lowering the amount needed for anesthe-
sia to below the toxic dose. Recommended dosages of dexme-
detomidine, tiletamine-zolazepam, and butorphanol for use
in BALB/c mice are expressed in Table 4. Although the stated
dosages resulted in 0% mortality and no complications upon
recovery, it is recommended that supplemental oxygen and
fluids for hemodynamic support be used to offset the adverse
effects of these drugs.

Adverse effects of anesthetic regimens are major con-
cerns, with the most commonly reported adverse effects
being respiratory depression and hypoxia [13]. Respiratory
depression occurred with tiletamine-zolazepam dosages above
20 mg/kg as dosages of dexmedetomidine were increased,
supporting the use of supplemental oxygen with this anes-
thetic combination. Results appear consistent with other pilot
studies in our lab and a previous study involving the use of
dexmedetomidine in animals [13].

The occurrence of urethral obstructions appears to be
associated with the use of dexmedetomidine, as urethral
obstructions occurred in 67% of male mice that received
only dexmedetomidine in contrast with 0% of the male mice
that received only tiletamine-zolazepam. The incidence of
urethral plugs does not appear to be dose related as no signif-
icant differences were noted between the individual dosages.
Necropsy and analysis of the urethral plug confirmed that
the plug was composed of proteinaceous debris; however, the
etiology for the development of the urethral plug remains
unknown. Seminal plugs have been discovered in male mice
postmortem, but, to our knowledge, the etiology of these
plugs is also unknown. Urethral obstructions due to seminal
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coagulum plugs have been reported with the use of medeto-
midine and ketamine in male mice (C57BL/6 and mixed
genetic mice) [12]. Wells et al. discovered that the morbidity
and mortality rates were significantly higher (p < 0.001) in
the group treated with medetomidine-ketamine than in the
xylazine-ketamine group [12]. None of the male mice anes-
thetized with ketamine-xylazine developed urethral obstruc-
tions, which suggests that the urethral obstructions were
related to the use of medetomidine in this study [12].

As this and previous studies show an association of ure-
thral plugs due to the use of an alpha, agonist, it is reasonable
to make the assumption that this is due to effects at either
the alpha, or the alpha, receptor. Dexmedetomidine at higher
concentrations has been reported to have dual alpha, agonist
and alpha, adrenergic antagonist effects [14] while xylazine,
a different alpha, agonist which has higher receptor affinity
for the alpha, receptor, has not been associated with seminal
coagulum plugs [12]. Given that the incidence of urethral
obstructions in this study is not dose dependent with dexme-
detomidine, this would lead us to believe that the alpha,
receptor cannot be the only receptor involved. Given this,
the cause of the obstruction is likely multifactorial with the
alpha, adrenergic effects of dexmedetomidine resulting in a
decreased ability to void the urinary bladder and the alpha,
adrenergic effects causing urethral sphincter tightening [15].
At this time, the role of seminal coagulum plugs in this
obstructive process is unclear.

Several limitations of this study need mentioning. Due
to the experimental design of this study with mice receiving
multiple dosages of drugs and our inability to measure drug
levels during these experiments, there may have been an
additive effect of repeat anesthetic dosages that affected the
results although there was a washout period. Groups of mice
receiving either dexmedetomidine (n = 2) or tiletamine-
zolazepam (n = 4) alone were small. Increasing the number
of mice within each group and therefore the statistical power
may have altered the results. Mortality due to anesthetic
complications was suspected, but not confirmed, as necropsy
was not performed on each of these mice. Only BALB/c mice
were studied with these drug combinations; it is likely that the
anesthetic duration and recovery times will be altered in mice
of different strains. Dosages were lowered from the dexme-
detomidine and tiletamine-zolazepam group compared to
the dexmedetomidine, tiletamine-zolazepam, and butor-
phanol group, which limited our ability to directly compare
results between these groups. Thus, only a direct comparison
of four dosages instead of nine dosages was performed.

In conclusion, the combination use of dexmedetomidine,
tiletamine-zolazepam, and butorphanol results in a longer
and more reliable duration of anesthesia than the use of
dexmedetomidine and tiletamine-zolazepam alone. Research
into alternative anesthetic protocols for nonterminal proce-
dures in male mice is needed due to the occurence of urethral
obstructions with the use of dexmedetomidine.
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