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Evaluation of Common Anesthetic and Analgesic
Techniques for Tail Biopsy in Mice

Carissa P Jones, Scott Carver, and Lon V Kendall"

Tail biopsy in mice is a common procedure in genetically modified mouse colonies. We evaluated the anesthetic and an-
algesic effects of various agents commonly used to mitigate pain after tail biopsy. We used a hot-water immersion assay to
evaluate the analgesic effects of isoflurane, ice-cold ethanol, ethyl chloride, buprenorphine, and 2-point local nerve blocks
before studying their effects on mice receiving tail biopsies. Mice treated with ethyl chloride spray, isoflurane and bu-
prenorphine, and 2-point local nerve blocks demonstrated increased tail-flick latency compared with that of untreated mice.
When we evaluated the behavior of adult and preweanling mice after tail biopsy, untreated mice demonstrated behavioral
changes immediately after tail biopsy that lasted 30 to 60 min before returning to normal. The use of isoflurane, isoflurane
and buprenorphine, buprenorphine, 2-point nerve block, or ethyl chloride spray in adult mice did not significantly improve
their behavioral response to tail biopsy. Similarly, the use of buprenorphine and ethyl chloride spray in preweanling mice
did not improve their behavioral response to tail biopsy compared with that of the untreated group. However, immersion in
bupivacaine for 30 s after tail biopsy decreased tail grooming behavior during the first 30 min after tail biopsy. The anesthetic
and analgesic regimens tested provide little benefit in adult and preweanling mice. Given that tail biopsy results in pain
that lasts 30 to 60 min, investigators should carefully consider the appropriate anesthetic or analgesic regimen to incorporate

into tail-biopsy procedures for mice.

Abbreviation: HWI, Hot water immersion.

Genetically modified mice continue to advance the study of
human disease. To obtain DNA for verification of genotype, mice
may undergo tissues sample collection from multiple sites, in-
cluding blood, saliva, hair, and stool. However, tail biopsy of the
distal 5 mm continues to be the preferred location of obtaining
sufficient DNA for genotyping.14!° Tail biopsy involves transect-
ing multiple tissue types, including skin, nervous tissue, muscle,
tendons, vasculature, cartilage, and bone,* and this technique
has the potential to cause short-term pain and distress. Several
studies have demonstrated that tail biopsy without anesthesia
causes short-term pain or distress that is greatest within the first
1to 2 hbut that may last as long as 5 h.142026 Similar physiologic
changes associated with pain and distress were apparent and
prolonged in anesthetized control mice.!

Analgesic protocols at the time of biopsy vary among in-
stitutions. IACUC policies from several institutions®!%182829
recommend but do not require anesthesia or analgesia for tail
biopsy of mice 10 to 21 d old but do require anesthesia or an-
algesia for older mice. The anesthetic regimens to mitigate the
temporary pain associated with tail biopsy at these institutions
include immersion in ice-cold ethanol, topical ethyl chloride
spray, and isoflurane inhalant anesthesia. Because of their short
duration of action, we hypothesized that these agents provide
poor management of the postprocedural pain associated with
tail biopsy, and we decided to explore other practical options.
The use of traditional drugs such as lidocaine, bupivacaine, or
buprenorphine may provide more appropriate analgesia for tail
biopsy. Here we examined the anesthetic and analgesic effects
on mouse behavior after tail biopsy in adult and preweanling
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outbred NSA mice that had been treated with various analgesics
and anesthetics.

Materials and Methods

Mice. Non-Swiss Albino (NSA) outbred mice from an inhouse
breeding colony were used in this study. Mice were free of
Sendai virus, mouse hepatitis virus, minute mouse virus, mouse
parvovirus, mouse norovirus, Theiler murine encephalitis virus,
rotavirus, Mycoplasma pulmonis, pinworms, and ectoparasites.
Mice were housed 5 per group in individually ventilated caging
(Thoren Caging System, Hazelton, PA), had unlimited access
to a commercial rodent chow (Teklad Irradiated Diet 2918,
Harlan Laboratories, Madison, WI) and filter-sterilized water,
and were allowed to acclimate for 3 to 7 d before studies were
initiated. All mice were maintained under a 12:12-h light:dark
cycle at temperatures of 21 to 24 °C. All animal experiments
were JACUC-approved.

Baseline hot-water immersion (HWI) assay of mice without
tail biopsy. To evaluate whether topical application of lidocaine
or bupivacaine to a mouse’s tail provides analgesia, 8 male
NSA mice were randomized by body weight into 2 groups of
4. Analgesic effect was measured by using HWI test.?> Four
baseline measurements of time (in seconds) until tail flick after
immersion in a hot-water bath (51 °C) were obtained for each
mouse; the first measurement was discarded, and the remain-
ing 3 times averaged to obtain baseline responses. Treatments
consisted of submerging each mouse’s tail for 2 min in either
5 mM lidocaine (L7757, Sigma-Aldrich, St Louis, MO) or 15
mM bupivacaine base (Santa Cruz Biotechnology, Santa Cruz,
CA) in DMSO. Measurements of tail-flick latency were taken
at2,5,10, 20, and 30 min after drug treatment. Measurements
were normalized by dividing them by the average baseline re-
sponse, and data were compared by using repeated-measures
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ANOVA (www.r-project.org). The effect of treatment in the
repeated-measures ANOVA was assessed as the significance
of the treatment x time interaction. When treatment x time dif-
ferences were observed, Tukey HSD posthoc testing (R Project)
was used to evaluate differences between groups. P values less
than 0.05 were considered statistically significant.

HWI assay of mice without tail biopsy. We randomized
35-day-old outbred NSA mice by body weight into 8 groups
of 6 (3 male and 3 female mice each). Mice were treated with 1
of 8 anesthetics or analgesics as described in Figure 1. Topical
anesthetics delivered via tail immersion was not assessed in this
portion of the study due to their failure to provide appropriate
analgesia in the preliminary HWI assay in unoperated, normal
mice. Analgesic effect was measured by using the HWI test as
described earlier. Treatment order was randomized. Measure-
ments of tail-flick latency were taken at 0, 2, 5, 10, 20, 30, 45, 60,
90,120, 150, 180, 210, and 240 min after treatment. Measurements
for nerve-block groups concluded when analgesia dissipated.
Response times greater than 15 s were considered maximal;
tails then were withdrawn from the water to prevent tissue
damage. Statistical analysis was performed as described for the
preliminary HWI assay.

Behavioral evaluation of adult mice after tail biopsy. We ran-
domized 45-day-old outbred NSA mice by body weight into 8
groups of 8 (4 male and 4 female mice per group). Treatments
included 3% isoflurane delivered via vaporizer, 3% isoflurane
and buprenorphine (0.05 mg/kg SC), buprenorphine (0.05 mg/
kg SC), a 2-point nerve block of lidocaine and bupivacaine (MWI
Veterinary Supply, Boise, ID), ethyl chloride spray (Med-Vet
International, Mettawa, IL), a 30-s postbiopsy immersion in
0.75% bupivacaine, no treatment, and no biopsy (Figure 1).
Ice-cold ethanol was not assessed during this portion of the
study due to its failure to provide analgesia in the previous
HWI assay. Mice were group-housed by sex in their home cages
on the videotaping platform for at least 24 h before treatment.
All treatments were conducted within the same 30 min of the
light cycle. Mice were removed from their home cages once to
receive both treatment and tail biopsy. Tail biopsies (5 mm) were
taken, mice were returned to their home cage, and behaviors
over time were videotaped from above the cage. Video footage
was scored at 0, 0.5, 1, 2, 3, and 6 h after biopsy by an observer
blinded to treatment. Each mouse was scored for 5 min during
each observation period. Behaviors scored as indicators of pain
or distress included tail grooming, twitching, writhing, circling,
tail flicking, and staggering.?! Exploratory behaviors (normal
gait, rearing, and climbing) and other behaviors (head and body
grooming, eating, nesting or rooting in bedding, and social in-
teractions such as aggression and examining cagemates) were
also scored . The frequency of each behavior was tallied. The
untreated control group was included to differentiate behavio-
ral changes associated with the procedure compared with the
potentially confounding behavioral effects of the analgesics and
anesthetics and their effectiveness at mitigating pain after tail
biopsy. Repeated-measures ANOVA was performed by using
the statistical program R (www.r-project.org). When treatment
x time differences were observed, Tukey HSD posthoc testing
was used. P values less than 0.05 were considered statistically
significant. Because preliminary analyses of anesthetic and
analgesic found no differences between sexes, we combined
these data for subsequent analysis.

Behavioral evaluation of preweanling mice after biopsy. Four
litters of 17-d-old outbred NSA mice were randomized into 5
groups of 8; each litter had 2 mice (one male, one female) as-
signed to each treatment. Treatments included buprenorphine
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(0.05mg/kg SC), ethyl chloride spray, 30-s immersion in 0.75%
bupivacaine after biopsy, no treatment, and no biopsy. Because
one male pup died on arrival, the no-biopsy group had a group
size of 7 mice. Mice were group-housed with their dam and
littermates in their home cages, which were placed on the vide-
otaping platform for at least 24 h prior to treatment. Handling,
biopsy, videotaping, and scoring were performed as described
previously for adult mice.

Results

Preliminary HWI assay with tail-submersion anesthesia in
nonbiopsied mice. The anesthetic effectiveness of submerging
mouse tails in 5 mM lidocaine or 15 mM bupivacaine for 2 min
was evaluated by using the HWI test. The average baseline re-
sponses for lidocaine and bupivacaine treatment were 3.8 and
4.6 s, respectively. The lidocaine-treated mice became hyperal-
gesic immediately after treatment, and their tail-flick latencies
returned to baseline measurements by 5 min after treatment
(P < 0.01). Neither of the topical treatments evaluated (5 mM
lidocaine or 15 mM bupivacaine) prolonged the tail flick latency
time. We therefore discarded this route of administration as a
treatment in subsequent studies.

HWI assays after various anesthetics and analgesics in nonbi-
opsied mice. Only 2-point nerve block treatments and isoflurane
and buprenorphine resulted in tail-flick latencies that were
significantly (P < 0.05) higher than those found with no treat-
ment (Figure 2). Isoflurane and buprenorphine had the longest
duration of effect (3 to 4 h), and was significant for up to 90 min
into the experiment (P < 0.05, posthoc test). The 2-point nerve
blocks exhibited greater tail flick latency than the no treatment
group from 0 to 10 min (posthoc tests P < 0.05), and did not differ
from control mice beyond 10 min, and wore off after 10 to 20
min. There was an initial increased latency for ethyl-chloride
spray treated mice, that dissipated within 5 min (P < 0.05, Fig-
ure 2), but did not differ from the no treatment control after 5
min. There was no significant difference between isoflurane
and ice-cold ethanol compared with the no treatment control.

Behavioral evaluation of mice after biopsy. To determine the
efficacy of anesthetics and analgesics after tail biopsy, groups
of mice received 1 of 6 treatments as outlined in Figure 1. Two
additional groups included no-biopsy and no-treatment mice
to serve as controls. Adult mice that had undergone tail biopsy
were most active during the first 2 h after handling or treatment
and generally became less active over time (P < 0.001, Figure 3
A). Biopsied mice treated with isoflurane were more (P < 0.05,
posthoc test) active at 30 min than was the no-treatment group,
but these groups did not differ thereafter. Mice treated with
buprenorphine, isoflurane and buprenorphine, or bupivacaine
immersion after biopsy and those that received no biopsy
were more (P < 0.05, posthoc tests) active at 2 h than was the
no-treatment group, but all groups did not differ thereafter.
The 2 groups that received buprenorphine treatment tended to
exhibit greater (P < 0.001) activity on average than did the other
treatment groups (Figure 3 A). Exploratory behaviors waned
significantly (P < 0.001) over time, and there was no significant
difference between groups (Figure 3 B). We considered that the
primary behaviors indicative of potential pain or distress were
tail grooming and twitching (Figure 3 C and D). Other behaviors
associated with pain in rodents (writhing, circling, tail flicking,
and staggering) were infrequent.

Patterns of tail grooming and twitching behaviors differed
from each other; therefore, these 2 behaviors were analyzed
separately. There was a significant (P < 0.001) effect of treat-
ment over time for tail grooming (Figure 3 C). Tail grooming
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Treatment

Experimental group(s)

Procedural notes

No treatment

Ice-cold ethanol

Ethyl chloride spray

Isoflurane

Isoflurane and buprenorphine

2% Lidocaine

0.75% Bupivacaine

1% Lidocaine and 0.37% bupivacaine

Hot-water immersion
Adult biopsy
Preweanling biopsy
Hot-water immersion
Hot-water immersion
Adult biopsy
Preweanling biopsy

Hot-water immersion
Adult biopsy

Hot-water immersion
Adult biopsy
Hot-water immersion

Hot-water immersion

Hot-water immersion

Negative control; handling only

Submersed tail in ice-cold ethanol for 10 s

Applied to distal tail for3to 7 s

Administered 3% isoflurane for an additional 2 min after animals
became anesthetized to achieve general anesthesia

Administered 3% isoflurane for an additional 2 min after mice
became anesthetized to achieve general anesthesia and then gave
50 puL (0.05 mg/kg SC) buprenorphine

Injected 10 pL 2% lidocaine 2 to 3 cm distal to the base of the tail
on both sides (20 uL total per mouse)

Injected 10 pL 0.75% bupivacaine 2 to 3 cm distal
to the base of the tail on both sides (20 uL total per mouse)

Prepared a 1:1 mixture of lidocaine and bupivacaine and injected

Adult biopsy 10 pL 2 to 3 cm distal to the base of the tail on both sides (20 uL
total per mouse)
Buprenorphine Adult biopsy Injected 50 pL (0.05 mg/kg SC) buprenorphine before biopsy
Preweanling biopsy
0.75% Bupivacaine immersion Adult biopsy Tail immersed in 0.75% bupivacaine for 30 s after biopsy
Preweanling biopsy

Figure 1. Treatments and experimental groups.
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Figure 2. Effect of treatment on hot-water—immersion tail-flick latencies (mean * SE) of mice without tail biopsy. (A) Mice treated with isoflurane
with and without buprenorphine, ice cold ethanol, and ethyl chloride spray. (B) Mice received a 2-point nerve block treatment at the base of the
tail. There were significant (repeated-measures ANOVA, P < 0.05 for both panels) effects of treatments over time. Ethyl chloride spray resulted
in an immediate increase in tail-flick latency, which was significant at the initial time point but did not differ from that for isoflurane, ice-cold
ethanol, ethyl chloride spray, and no treatment thereafter. Isoflurane and buprenorphine increased tail-flick latency for 30 to 90 min post tail
biopsy, and the 2-point nerve blocks resulted in increased tail flick latency for as long as 10 min after tail biopsy. *, Value significantly (P < 0.05,
Tukey post hoc testing) different compared with that for the no-treatment groups.
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Figure 3. Behavioral evaluations (mean + SE) of mice after tail biopsy. Overall activity includes exploratory behaviors, tail grooming, and twitch-
ing. Exploratory behaviors include normal gait, rearing, and climbing. Adult mice are shown in panels A through D; preweaning mice are shown
in panels E through H. (A) Treatment x time effect shows that buprenorphine treatment, with or without isoflurane, increased overall activity
over time (P < 0.001, repeated-measures ANOVA). Mice treated with buprenorphine had increased activity at 1 to 2 h after tail biopsy. Isoflurane
resulted in increased activity at 30 min after tail biopsy, and the no-biopsy control mice had increased activity at 2 h after the procedure. (B) Re-
gardless of treatment, exploratory behaviors declined over time, with no difference among treatment groups. (C) The effect of treatments on tail
grooming differed over time (P < 0.05, repeated-measures ANOVA). Ethyl chloride spray increased initial tail grooming behavior significantly
during the first 30 min after tail biopsy, whereas local 2-point nerve block and bupivacaine immersion initially tended to decrease tail grooming
behavior. (D) Twitching behavior did not differ between treatments, except for buprenorphine, which caused an increase in twitching behavior
(P <0.001, repeated-measures ANOVA) at 1 to 3 h after tail biopsy. (E) Overall activity and (F) exploratory behaviors decreased over time in all
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in biopsied adult mice that received isoflurane, bupivacaine
immersion, or the 2-point nerve block did not differ from that in
the no-treatment group throughout the experiment. Mice treated
with ethyl chloride spray groomed their tails more (posthoc
tests P < 0.05) often during the first 30 min after treatment than
did other treatment groups, and they did not differ from the
no-treatment group thereafter. The frequency of tail grooming
when mice were treated with buprenorphine or isoflurane and
buprenorphine varied somewhat but did not differ significantly
from that of the no-treatment group. Twitching behaviors were
increased markedly (P < 0.001) in buprenorphine-treated mice
compared with the other treatment groups (Figure 3 D). Mice
treated with buprenorphine twitched more (P < 0.05, posthoc
tests) between 1 and 3 h than did the no-treatment group. Dif-
ferences among other groups were not significant over time.

Behavioral evaluation of preweanling mice after biopsy. The ef-
fects of anesthetic and analgesic treatments after tail biopsy were
evaluated in 17-d-old preweanling mice. In light of the results
from adult mice, the isoflurane and isoflurane and buprenor-
phine groups were not assessed in preweanling mice. In addition,
the 2-point nerve block was not assessed in preweanling mice
because it did not show effectiveness in adult mice and because
it is impractical in a research environment. Preweanling mice
received 1 of 3 treatments: ethyl chloride spray, buprenorphine,
and bupivacaine immersion. No-treatment and no-biopsy con-
trol groups were included. Except for the buprenorphine group,
preweanling mice became mostly inactive within 30 min after
handling and treatment (P < 0.001, Figure 3 E). Exploratory be-
haviors of preweanling mice decreased (P < 0.01) over time for
all treatments, and there was no significant difference among
the treatments over time (Figure 3 E and F); compared with all
other groups, buprenorphine-treated preweanling mice showed
a trend toward increased behaviors for all activities during the
firsthour (Figure 3 E). There was a significant effect of treatment
over time on tail grooming (P < 0.05, Figure 3 G). Preweanling
mice treated with ethyl chloride and buprenorphine groomed
their tails as frequently as did mice that received no treatment.
Preweanling mice treated with bupivacaine immersion after
biopsy groomed their tail significantly (P < 0.05, posthoc test)
less than did the no-treatment group but did not differ from the
no-biopsy group. Twitching behaviors in preweanling mice were
similar to those of adult mice, with buprenorphine treatment
resulting in increased (P < 0.05) twitching over time compared
with that of all other groups (Figure 3 H). Except for grooming
or twitching in mice that underwent bupivacaine immersion,
none of the treatment groups showed any significant, lasting
effect on tail grooming or twitching.

Discussion

Although tail biopsy continues to be the preferred method
for DNA analysis of genetically modified mice, the need and
timing for anesthesia or analgesia to manage the potential pain
and distress associated with the procedure remain uncertain.
Most institutions require anesthesia for the procedure in mice
older than weaning age but not typically prior to that age. Here
we evaluated several anesthetics and analgesics to determine

a rapid, practical, and effective pain management regimen for
this common procedure.

The initial phase of this study determined whether simple
submersion in local anesthetics would provide anesthesia for
tail biopsies. Mice whose tails were pretreated topically by
submersion in a solution of lidocaine, bupivacaine, or their
combination did not seem to receive sufficient penetration
into the tail tissues, and this technique provided insufficient
analgesia in the HWI assay. This submersion technique might
be enhanced by using iontophoresis to increase the penetration
of local anesthetics to deeper tissues (maximum, 5 mm).” This
method uses a small electrical charge to actively transport drug
across the skin; however, this procedure is impractical in a large
production facility and was not pursued. Because the HWI
assay was less invasive and less traumatic than was the actual
tail biopsy, submersion in local anesthetics was not evaluated
for efficacy after tail biopsy.

The effects of the common anesthetics and analgesics used for
pain mitigation after tail biopsy were examined using the HWI
assay. These common regimens include isoflurane, isoflurane
and buprenorphine, ethyl chloride spray, and ice-cold ethanol.
With the exception of buprenorphine as an adjunct to isoflurane
anesthesia, these regimens did not control the potential pain
after biopsy, because they rapidly lost anesthetic or analgesic
effectiveness. Isoflurane administered for 2 min had no effect on
tail-flick latency after recovery from anesthesia. This outcome
is likely the result of the rapid elimination of isoflurane. When
buprenorphine was administered in combination with 2 min
of isoflurane, tail-flick latency was prolonged and lasted 3 to
5 h. This finding is consistent with other algesiometric studies
that have found an effective duration of buprenorphine that
lasted 3 to 5 h;!! we therefore further evaluated buprenorphine
in biopsied mice. The onset of action of buprenorphine was
not immediate, and if given simultaneously with a volatile
anesthetic, might result in recovery from anesthesia prior to
the onset of action of buprenorphine (Figure 2). Therefore, we
recommend that buprenorphine is given 20 to 30 min prior to
tail biopsy. The HWI assay demonstrated an initial latency when
ethyl chloride spray was used, and this effect dissipated within
5 min (data not shown). Warming of the tail likely resulted in
dissipation of the cryoanalgesic effects. Similar to isoflurane,
ice-cold ethanol treatment failed to increase tail-flick latency.
This finding may have been the result of warming of the tail or
of the inadequacy of ice-cold ethanol as a cryoanalgesic. Other
than JACUC policies that use ice-cold ethanol immersion for
tail biopsy anesthesia, an Internet search yielded no references
to its anesthetic properties, nor were there any references to
the anesthetic properties of ice-cold ethanol after a PubMed
search. A single reference suggests the use of ice-cold ethanol to
test nociception during the evaluation of the actions of opioid
analgesics.3? In addition, ice-cold ethanol was ineffective in the
HWI assay, and we evaluated it no further.

We also evaluated local nerve blocks with lidocaine, bupi-
vacaine, and their combination. Administering local anesthesia
via a 2-point nerve block reliably provided measurable anesthe-
sia in the HWI assay for 10 to 20 min, regardless of whether

preweanling treatment groups, but no difference between treatments was seen. (G) There were significant (P < 0.05, repeated-measures ANOVA)
differences among treatments over time on tail grooming behavior in preweaning mice. Frequency of tail grooming initially was decreased for
the bupivacaine immersion and no-biopsy groups. After the initial time point, treatments did not differ. (H) Frequency of twitching behavior
decreased over time, and buprenorphine caused an increase in twitching behavior relative to other treatments (P < 0.05, repeated-measures
ANOVA). *, Value significantly (P < 0.05, Tukey post hoc testing) compared with that of the no-treatment group.

812



the nerve block was performed using lidocaine, bupivacaine,
or their combination.

We evaluated several treatments to assess their effectiveness
after tail biopsy in adult mice. Although isoflurane and ethyl
chloride showed minimal effects in the HWI assay in unbiop-
sied mice, we evaluated these agents further because isoflurane
is commonly available and used for mouse anesthesia and
because the minimal effect of ethyl chloride, a cryoanalgesic,
may have been due to warming from the water in the HWIL
We then evaluated the effectiveness of the 2-point nerve block
by using a combination of lidocaine and bupivacaine, with
lidocaine providing rapid relief and bupivacaine prolonging
the duration of action.

The effects of different anesthesia and analgesic regimens
were assessed in 42-d-old mice. We used mature mice because
ossification of the tail bones and maturation of sensory nerve
fibers have been completed.!* In addition to the treatments
mentioned earlier, the analgesic effects of 30-s immersion in
bupivacaine and buprenorphine administered as a sole agent
were evaluated. These regimens were added because the effects
of isoflurane seemed to be negligible in the HWI assay.

Isoflurane administered without buprenorphine to mice at
the time of tail biopsy increased the frequencies of tail groom-
ing and other behaviors for at least 60 min after biopsy. These
results suggest that although isoflurane may have resulted in
sufficient anesthesia at the time of biopsy, it had little lasting
effect and may have led to postanesthesia distress or anxiety.
This result is similar to other studies that have found minimal
benefit to the use of isoflurane or other inhalant anesthetics for
tail biopsy. Evaluation of the effects of tail biopsy with and with-
out methoxyflurane anesthesia in 12-wk-old mice demonstrated
that tail biopsy with anesthesia induced a prolonged increase
in heart rate, body temperature, and activity that returned to
baseline 1 to 2 h after tail biopsy compared with tail biopsy
without anesthesia.! A more recent evaluation of the effects of
isoflurane on mice that received tail biopsy also demonstrated
minimal benefit to using the anesthetic.!® In these cited studies,
BALB/c and C57BL/6 mice of various ages (21 to 45 d) were
anesthetized prior to tail biopsy, and then their behavior was
assessed through acute observations, an elevated plus-maze test
of anxiety-like behavior, and locomotor activity as a measure of
physical health and coordination. Their results demonstrated
that biopsy with isoflurane anesthesia increased some behav-
iors including tail grooming and exploration in 42- to 45-d-old
C57BL/6 mice at 10 min after tail biopsy, which was a com-
mon trend among all ages. The exception was 42- to 45-d-old
BALB/c mice, in which anesthesia reduced the frequency of
these behaviors. In the elevated plus-maze test, both strains of
mice exhibited anxiety-like behavior that was enhanced with an-
esthesia, and both strains, regardless of age, exhibited decreased
activity when given anesthesia. Anesthesia with isoflurane likely
would be sufficient for the biopsy procedure itself, but because
itis eliminated rapidly via respiration, it would not provide any
analgesia during the recovery phase.

When buprenorphine was administered at the time of tail
biopsy (with or without isoflurane), it failed to reduce tail
grooming and increased other activities. Buprenorphine has
been shown to cause increased activity in pain-free rats®%172!
and mice,®!>1 and we similarly found increased activity in
buprenorphine-treated mice that lasted at least 6 h. Unlike
buprenorphine in rats,?> buprenorphine increased twitching in
mice. In addition, twitching may be normal in mice, given that
the no-biopsy group showed increased twitching over time. This
behavior therefore may be an inappropriate indicator of pain or
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distress in mice when buprenorphine has been administered.
These behavioral changes may have been dose-related and not
necessarily an adverse finding for the tail-biopsy procedure.

Local anesthetics were ineffective in alleviating pain associated
with tail biopsy. Topical ethyl chloride spray provided temporary
topical anesthesia that dissipated within a few minutes and re-
sulted in an increase in tail grooming behavior for as long as 60
min when compared with that of other groups. This outcome may
have been the result of inadequate anesthesia or due to some other
sensory perception that the mice explored, including potential pain.
The nociceptive properties of ethyl chloride are used to determine
the efficacy and distribution of peripheral nerve blocks.?* Other
risks associated with the use of ethyl chloride include frostbite
when applied incorrectly and potentially painful thawing, and the
compound is flammable and carcinogenic.? Furthermore, ethyl
chloride reportedly is used to provide cryoanalgesia in pediatric
patients for venipuncture; however, the efficacy of this practice is
controversial.>?” These properties and the results of the current
study suggest that ethyl chloride spray, as recommended by many
institutions, provides inadequate anesthesia and may have some
very serious drawbacks to its routine use.

The other local anesthetics we assessed were a 2-point nerve
block of lidocaine and bupivacaine before tail biopsy and immer-
sion in bupivacaine after biopsy. Neither treatment was effective
after tail biopsy in adult mice. Both treatments increased tail groom-
ing at 30 min in adult mice compared with nontreated controls,
suggesting that the treatments were either ineffective or resulted
in some other sensory perception. The 2-point nerve block may be
impractical in a large production facility, because this procedure
requires considerable mouse handling and restraint. Previous
studies have demonstrated that handling of mice is a significant
stressor that alters heart rate, body temperature, and motor activity
as measured by telemetry and that has similar effects on these pa-
rameters as does tail biopsy, which resulted in physiologic changes
that lasted only 1 h.! The use of other topical treatments including
bupivacaine and ethyl chloride spray has been demonstrated to be
ineffective to manage pain after tail biopsy in preweanling mice.?
We similarly found no appreciable effect of local anesthetics on
ameliorating biopsy pain in adult mice.

The current studies were performed on mice with mature
vertebrae. A recent study has shown that between 17 to 31 d of
age, the vertebrae of the mouse tail undergo maturation and
ossification,'* which findings are consistent with previous data
demonstrating ossification before weaning.®!2 Because isoflu-
rane, isoflurane and buprenorphine, and 2-point nerve block did
not appear to have an effect in adult mice, we did not evaluate
them in preweanling mice, because ossification and sensory
nerve development would be more advanced in mature adults
compared with preweanling mice. Tail biopsy was performed
in 17-d-old preweanling mice treated with ethyl chloride spray;,
buprenorphine, or bupivacaine immersion, and behavior after
tail biopsy was evaluated. The ethyl chloride spray and bu-
prenorphine treatment groups had an increase in tail grooming
behavior compared with that of no-biopsy controls. Immersion
in bupivacaine after tail biopsy resulted in reduced tail groom-
ing that lasted for 30 min. This result in preweanling mice is
likely due to enhanced absorption of anesthetic through the
tissues compared with that in adult mice. Nonetheless, after 30
min, there did not appear to be anesthetic or analgesic effects on
behavior, suggesting that these regimens did not provide any
sustained benefit to mice undergoing tail biopsy.

Given the onset of ossification prior to weaning and the pres-
ence of sensory nerve fibers, the potential for tail biopsy to be
a painful procedure seems obvious. A few other studies have
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evaluated the behavioral response of mice after tail biopsy. A
pilot study to assess mouse behavior after tail biopsy in 6-wk-old
C57BL/6 mice found reduced eating, drinking and activity for as
long as 5 h after tail biopsy.?’ Similarly, 20-d-old C57BL /6 mice
were observed to have decreased climbing activity at 30 min
after tail amputation compared with that of mice of the same
age that had not undergone tail amputation.?¢ These studies, as
well as some of the others cited earlier, suggest that tail biopsy
alters the physiologic and behavioral responses of mice.

The current study found that behavioral changes indicative of
pain or distress, specifically tail grooming, subsided within 30 min
and returned to normal within 60 min in both adult and 17-d-old
mice for all treatment groups, including the untreated group. The
exception was adult mice treated with ethyl chloride spray; these
mice had an unexpected increased frequency of tail grooming for
the first 60 min. In light of these observations, it appears that the
pain associated with tail biopsy lasts 30 to 60 min. The anesthetic
and analgesic regimens tested apparently provided little benefit
in adult or preweanling mice that had undergone tail biopsy.
However, the pain associated with the biopsy itself, the effects of
recovery from anesthesia, and the potential long-term changes
should be considered and the best management approach over-
all determined. Our results suggest that the most effective and
practical treatment to manage pain in mice after tail biopsy was
buprenorphine or immersion in bupivacaine. Although the effects
lasted less than 30 min, a 30-s bupivacaine immersion after tail
biopsy appeared to relieve the pain associated with the procedure
in preweanling mice. The optimal concentration, duration, and
composition of topically applied bupivacaine after biopsy require
further evaluation to decrease the exposure time. In addition, bu-
prenorphine given prior to tail biopsy may provide relief, owing
to its known analgesic properties.
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