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Adverse Effects of Vapocoolant and Topical
Anesthesia for Tail Biopsy of Preweanling Mice

Gillian C Braden,' Angela K Brice,? and F Claire Hankenson?"

Tail biopsy of laboratory mice for genotyping purposes has been studied extensively to develop refinements for this
common procedure. Our prior work assessed tail vertebral development in different mouse strains (age, 3 to 42 d) and ana-
lyzed behavior and activity in mice (age, 21 to 45 d) biopsied under isoflurane anesthesia. To assess the effects of biopsy on
preweanling mice, we here evaluated BALB/cAnNCrl mice (n = 80; age, 18 to 21 d) that received topical vapocoolant (ethyl
chloride), topical anesthetic (Cetacaine), or isoflurane anesthesia before undergoing a 5>-mm or sham biopsy. Control mice
did not receive any anesthetic intervention. Regardless of the anesthetic used, acute observation scores indicative of distress
were increased at 10 min after biopsy, and locomotor activity was decreased, in biopsied compared with control mice. Acute
observation scores at 10 min after biopsy were higher in mice that received ethyl chloride compared with isoflurane or no
anesthesia. Microscopic analysis revealed that inflammatory changes in the distal tail remained elevated until 7 d after biopsy
and were higher in tails exposed to ethyl chloride. Our findings indicate that vapocoolant, topical anesthesia, and inhaled
isoflurane do not enhance the wellbeing of preweanling mice undergoing tail biopsy. Due to the lack of appreciable benefits
and the presence of notable adverse effects, using vapocoolants or Cetacaine for this tail biopsy procedure in laboratory mice

is unadvisable and we encourage the removal of these agents from institutional tail biopsy guidelines.

Abbreviations: DT, distal tail; PT, proximal tail.

Laboratory mice can be genotyped by analyzing samples
derived from multiple sources, including distal tail biop-
sies, #11.21,253146,60,61,65,74 bl ood, 41417.283357 by ccal®5374 or rectal4s
swabs, fecal pellets,'” hair,#%7%* and toe'?*’ and ear pinnal biop-
sies.17242562 Of all available options, distal tail biopsy remains
the most widely used method for obtaining tissue from both
preweanling and older mice, likely due to superior aspects of
DNA quantification, accuracy, reproducibility and practicality
of this source.”?* The tail biopsy procedure has not been linked
to measurable outcomes indicative of prolonged distress or
considerable pain, beyond the stress associated with capture
and restraint.>182%5% Regardless of genetic background, the
tail vertebrae of all mice have calcification and ossification,
with mature vertebral endplates, within the distal 5 mm of tail
prior to typical weaning age (21 d).>° Therefore, contemporary
recommendations are to harvest a minimal amount of distal
tail tissue (less than 5 mm) from mice, to limit discomfort from
the procedure and maximize DNA yield from highly cellular
cartilaginous (nonossified) tissue.?430,60,61

In our earlier work, we advocated for the application of
anesthesia or topical analgesia for biopsies in weanling mice.>
We elected to determine whether isoflurane anesthesia is an
appropriate refinement for added comfort during the procedure
of tail collection.?? Due to its high safety profile for both the
user and patient, isoflurane is one of the most commonly used
inhalant anesthetics in the laboratory animal setting; therefore,
isoflurane is frequently recommended in guidance regarding tail
biopsy procedures. Unexpectedly, we demonstrated that brief
(less than 1 min) exposure of isoflurane anesthesia to mice aged
21 to 45 d. resulted in significant locomotor and behavior deficits
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that persisted until 5 h postinhalation.?” In addition, measurable
benefits (for example, diminished anxiety-like responses to tail
biopsy and normal activity levels after isoflurane exposure)
were not evident when we compared sham and biopsied mice.
A growing body of literature has identified additional unde-
sirable outcomes of isoflurane on neonatal and young adult
mice. This inhalant has been shown to have neurodegenerative
effects and can impact cognitive function, spatial learning, and
memory.'>19374347.67 Continued approaches to management of
perceived discomfort after tail biopsy in laboratory mice have
provoked controversy regarding the type, timing, and applica-
tion of anesthesia and analgesia for the procedure. Therefore,
for potential pain relief from biopsy, the topical application of
different types of local anesthetics (vapocoolants, liquid anal-
gesics, and alcohol-based agents) prior to tail and digit biopsy
has been a recent topic of examination.?338,50,51,58,59

To extend our assessment of refinements to the current
practices for tail biopsy in mice, we compared inhaled isoflu-
rane with topical treatments, including the vapocoolant spray
ethyl chloride and the topical anesthetic Cetacaine, both of
which are recommended specifically by the NIH and other
institutions3*:566%70 a5 anesthetic options for young mice. We
determined whether local anesthesia was effective at mitigating
the acute behavioral response to tail biopsy in preweanling (age,
18 to 21 d) mice, as well as whether there were any influences
on locomotor activity. In addition, we assessed effect of these
topical therapies on the tail by performing histologic analyses
of biopsied tissues.

Materials and Methods
Mice and testing paradigm. All mice were cared for in
compliance with the Guide for the Care and Use of Laboratory
Animals,*® and experiments were approved by the University
of Pennsylvania’s IACUC. Facilities housing the mice were
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AAALAC-accredited. Mature male and female mice (BALB/
cAnNCrl) were procured from an approved vendor (Charles
River Laboratories, Wilmington, MA) at approximately 6 wk
of age and maintained on an IACUC-approved protocol. Mice
were housed in trios (2 female:1 male) to facilitate breeding.
Resulting litters were sexed and grouped into age-specific co-
horts (age, 18 to 21 d) for the experimental purpose to emulate
when tail biopsies are typically performed around the age of
weaning. From these trios, 80 offspring (38 female, 42 male)
were tested over a 2-mo period. The 8 experimental treatments
tested included: biopsy or sham without anesthesia, biopsy or
sham with isoflurane, biopsy or sham with ethyl chloride, and
biopsy or sham with Cetacaine. We chose to use BALB/c mice
because they are a commonly used strain of laboratory mice
and have been included in our previous studies.

Caging and husbandry. Animals were housed under a 12:12-h
light:dark cycle in static microisolation cages (Max 75, Alt De-
sign, Siloam Springs, AR) that were autoclaved with bedding
(0.12-in diameter Bed-O-Cob, Animal Specialties and Provi-
sions, Quakertown, PA) prior to use. Mice received water via
autoclaved water bottles and were provided ad libitum access to
autoclaved chow (LabDiet 5010, Animal Specialties and Provi-
sions). Cotton nest pads (Nestlets, Ancare, Bellmore, NY) and
‘Shepherd shacks’ (Shepherd /Specialty Papers, distributed by
Animal Specialties and Provisions) were provided to all breed-
ing and weanling cages.

Sentinel mice at our institution were tested inhouse for 3
quarters of the year and were found to be free from fur mites and
pinworms (Syphacia spp. and Aspiculuris spp., by cecal exam). In
addition, sentinel mice tested negative for antibodies to patho-
gens including: mouse hepatitis virus, mouse parvoviruses,
rotavirus, Ectromelia virus, pneumonia virus of mice, Theiler
murine encephalomyelitis virus, and Sendai virus. For 1 quarter
of the year, sentinels from the housing facility were tested by
an outside contract laboratory and were found to be free from
all pathogens contained on a comprehensive assessment panel
(HM Assessment Plus Panel, Charles River Laboratories).

Experimental design. Tail biopsy. All experimental mice were
randomized into groups (8 experimental groups, each with 10
animals) from age-specific litters and uniquely coded by using
marker ink (Fine Point Permanent Marker, Sharpie, Downers
Grove, IL) at the tail base. Operators restrained mice manually
by using one hand and placed them on a plastic block with
permanent grooves denoting 5-mm increments or, for mice that
received ethyl chloride or Cetacaine, placed them on a clean
disposable (C-fold) paper towel next to a marked ruler (in 1-cm
increments). Individual paper towels were discarded between
mice. The tail was held in position next to the measured line
indicating 5 mm (Figure 1). Scissors (Roboz Surigcal Instrument,
Gaithersburg, MD), which had been placed in a glass-bead steri-
lizer (Germinator 500, Stoelting, Wood Dale, IL) for at least 15
s between mice and then allowed to cool for at least 30 s, were
used to make a transverse biopsy cut 5 mm proximal to the tip
of the tail. To promote hemostasis after biopsy, manual pressure
was applied by using a disposable gauze sponge (Curity Gauze
Sponge, Kendell-Coviden, Hampshire, MA) for 30 s. Mice that
received a sham biopsy were restrained in the same manner, but
instead of a biopsy cut, brief pressure was applied by gloved
hand, using the thumbnail at the site 5 mm proximal to the tail
tip. Mice were then returned to a clean standard shoebox-style
cage with a microfilter top and wire lid for acute behavioral
assessments. The plastic block and ruler were both wiped with
alcohol between mice. All biopsy procedures and acute observa-
tions were performed in a dedicated procedure room that was
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Figure 1. Diagram of tail biopsy procedure. The distal 5 mm of tail was
transected in all mice, and then the next most distal 10 mm of tail was
collected for histopathology. Cetacaine was applied directly to the site
of transection. For ethyl chloride application, Vasoline was applied to
along the length of the tail, sparing the most distal 1 cm in these mice.

equipped with a fume hood and that was located remotely from
the animal housing area.

Isoflurane. Individual mice were exposed to isoflurane de-
livered by vaporizer (SurgiVet, Smith Medical, Dublin, OH)
into an induction chamber (Braintree Scientific, Braintree, MA)
at 5% with 0.75 L/min O,. Mice underwent a 5-mm biopsy or
sham biopsy as described earlier. Experimental mice, from
the 2 groups receiving inhalant anesthesia, were placed in the
induction box and exposed to isoflurane for less than 1 min to
render them unconscious, as determined by a loss of righting
reflex and nonresponsiveness to toe pinch. Unconscious animals
were manually restrained on a plastic block, as previously
described.?’ The tail was held in position next to the measured
5-mm grooves and the tail wiped briefly with alcohol before
the biopsy cut or sham biopsy was performed. Mice regained
consciousness within 45-s after removal from the induction
chamber.

Ethyl chloride. Individual mice were restrained on a C-fold
paper towel as described earlier. The tail was positioned next
to a ruler and coated along its length with a layer of Vaseline
Petroleum Jelly (Unilever, Englewood Cliffs, NJ) for protection;
the distal 1 cm was left uncoated. The distal 1 cm of tail was
then wiped with alcohol. Ethyl Chloride Fine Jet Stream Spray
(Gebauer, Cleveland, OH) was held approximately 3 inches
(approximately 8 cm) away from the tail and sprayed for 3 to
5 s or until the exposed tail area began to exhibit a blanched
appearance due to freezing and vasoconstriction. The biopsy
or sham procedure was then performed immediately. Before
mice were returned to cages, their tails were wiped with a gauze
sponge to remove excess Vaseline.

Cetacaine. Individual mice were restrained on a C-fold paper
towel as described above. The tail was held in position next to
aruler and wiped briefly with alcohol before Cetacaine Topical
Anesthetic liquid (14.0% benzocaine, 2.0% butamben, and 2.0%
tetracaine hydrochloride; Cetylite Industries, Pennsauken, NJ)
was sprayed directly at the planned biopsy site (5 mm proximal
to distal tail tip) for 1 s. The mouse then was gently restrained
for 1 min to allow to achieve the potential maximum anesthetic
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effect (as described by the manufacturer’s instructions) before
biopsy or sham procedure was performed, as described earlier.

Acute observations. Two observers (FCH and GB) were ran-
domly assigned to conduct experiments; therefore, on a given
experimental day, mice were scored by direct observation by
a single observer. Observers trained together by using a pre-
printed scoring sheet to avoid the introduction of subjective
bias. Blinding of observers to biopsy was not possible for the
described testing paradigm; however, they were blinded to an-
esthetic exposure and the specific ages of mice through coding
of animals (as described earlier).

Observations of mouse behavior began at the moment of
biopsy; a numerical point was recorded when mice made an
audible response or moved the tail from the restrained position
at the time of tissue transection or application of manual pres-
sure. Mice were then observed immediately and continuously
after biopsy for a 10-min period and then again at 60 min after
biopsy (for a second 10-min period) to ascertain the “acute obser-
vation’ responses, as described previously.?’ In summary, each
time a mouse was observed to be grooming, licking at the tail,
or was subdued compared with cagemates (e.g., not exploring
the cage environment), a numerical point was recorded, and all
points were tallied (at the end of each 10-min period) to generate
a cumulative score, hereafter referred to as the acute observa-
tion score. After completion of the first 10-min observation time
point, mice were housed within cages but not handled until
completion of the acute observation recordings.

Locomotor activity. After acute observations, mice were
relocated to an adjacent behavioral testing room for locomotor
testing, which provides a measure of the physical health and
coordination of the animals. Mice were assessed individually in
clean autoclaved standard mouse cages, with a single layer of
corncob bedding, inserted into an adjustable-height frame (30
X 24 x 8 cm) to permit infrared motion detection by 2 levels of
sensors, as described previously.?’ The sensors were arranged
in an 8-beam array strip with approximately 1.5-cm spacing.
This arrangement allowed for detection of both horizontal
and vertical movements within the cage. Mice were placed
randomly into available boxes, and locomotion assessments
were conducted in a procedure room without observers present.
Mice were recorded for 120 min (30 min light, 90 min dark), and
beam break data were collected directly by using commercial
software (MED Associates, St Albans City, VT). The variable
‘activity’ was quantified as the number of single horizontal
beam breaks, ‘rears’ refers the number of vertical beam breaks,
and ‘crosses’ refers to a continuous horizontal motion across
one side of the cage.

Histopathologic analysis. Experimental groups of mice were
divided into 3 subcategories for histopathologic analysis. A 1-cm
section of tail (starting from the 5 mm proximal to the distal
tail-tip mark in sham animals or at the biopsied tip in sampled
animals) was collected from each mouse. To standardize micro-
scopic examinations of tail, this 1-cm section was halved into
proximal tail (PT, 5 mm) and distal tail (DT, 5 mm) sections (Fig-
ure 1). Of the 10 mice per group, tail samples from 4 mice from
each group were collected at the end of the first day of testing
(day 0). Tails from the remaining mice from each group were
harvested at 24 h later (3 mice) and 7 d later (3 mice). Mice were
euthanized in a CO, chamber before collection of tail tissue for
histopathology. Each tail was loaded into an individual pathol-
ogy cassette and placed immediately in a 10% formaldehyde
solution prior to submission to the Laboratory of Pathology and
Toxicology (Matthew ] Ryan Veterinary Hospital, University of
Pennsylvania) for decalcification, processing, and embedding.

Adbverse effects of vapocoolants for tail biopsy

Tails were decalcified in 15% formic acid for as long as 2 d.
Sections of the tail tissue were taken on a longitudinal plane
from the middle of the tail, placed on a slide, and stained with
hematoxylin and eosin. The tail sections were then examined by
aboard-certified veterinary pathologist who was blinded to the
experimental groups. The tails were scored on an inflammation
scale of 0 to 3 (0, minimal to no inflammation; 1, mild; 2, moder-
ate; and 3, severe) for both the PT and DT sections individually.
The entire tail section was assessed and the percentage of the
section infiltrated and the density of inflammatory cells were
used to determine the inflammatory score.

Statistical analysis. The data were summarized by using
means and standard errors for continuous outcome measures
and by using proportions for categorical outcome measures. For
the analysis of acute observation and locomotor activity data,
ANOVA was used to test the interactions among 4 treatment
groups and between 2 biopsy groups. When interaction was not
statistically significant (2-sided, P > 0.05), the ANOVA only con-
sidered main effect of treatment and biopsy. When the overall
difference was statistically significant (2-sided P < 0.05) among
4 treatment groups, the posthoc pairwise comparisons were
made by using a 2-sided P value of less than 0.05 as statistically
significant. P values without adjustment and with adjustment
for multiple comparisons, using the approach of controlling
false-discovery rate, were calculated; where appropriate, mul-
tiple comparison (adjusted) P values are included.” When the
data were not normally distributed, the Kruskal-Wallis test was
used for comparison among the 4 treatment groups, and the
Wilcoxon rank-sum test was used for comparison between the
2 biopsy groups. For the analysis of histologic data, the mean
inflammation scores for PT and DT on different experimental
harvest days were calculated for each treatment group and
compared by using ANOVA, considering the main effect of
treatment, biopsy, and day and the 2-way interactions among
them. When none of the 2-way interactions was statistically
significant, the main effect of treatment, biopsy, and day were
statistically tested without interaction terms by using ANOVA.
When none of the 2-way interactions was statistically significant
(such as biopsy and treatment group for DT), the main effect of
treatment and day were tested separately for each biopsy group
by using ANOVA. All data analyses were performed by using
SAS version 9.2 (SAS Institute, Cary, NC).

Results

Acute observations. Overall, during the biopsy itself, no
mouse pulled its tail away from the platform or vocalized when
the tail was transected (biopsy) or when manual pressure was
applied (sham). Mice that vocalized only at the time of initial
manual restraint were not scored. When data for treatment
groups were combined, mice that received a 5-mm biopsy had
significantly (P <0.05) higher acute observation scores at 10 min
compared with those mice who received a sham biopsy (Figure 2).
Mice that received ethyl chloride, either with a 5-mm biopsy
or sham biopsy, had significantly (P = 0.04) increased acute
observation scores at 10 min, compared with control mice and
mice that received isoflurane. Similar to mice that received ethyl
chloride, biopsied mice that received Cetacaine had increases
in acute behavioral responses compared with sham animals.
Cetacaine was the only anesthetic to increase responses when
sham and biopsied mice were compared (P < 0.02). There were
no significant differences in acute observation score related to
biopsy or anesthetic treatment at 60 min after biopsy.

Locomotor activity. Biopsied mice exhibited significantly (P <
0.05) decreased activity, crosses, and rears compared with those

293



Vol 54, No 3
Journal of the American Association for Laboratory Animal Science
May 2015

Acute Observations

8_ ——

[
—
=]
5] .
(7] EZE 5mm biopsy
= 6 [ Sham biopsy
kel
E ER Control
Z 44 A Isoflurane
3 @ Cetacaine
o A Ethyl Chloride
(o]
o 2
-
3
<
04
& &
& &
3 Q
Q& Q&
N <

Figure 2. Acute observations. Anesthesia-associated changes in acute
behavioral responses after tail biopsy of mice. For all cohorts of mice,
acute observation scores were recorded for the first 10 min after bi-
opsy and for a second 10-min interval beginning at 60 min after bi-
opsy. Mice that received a 5-mm biopsy had significantly (P < 0.05)
increased acute observation scores at 10 min. Neither isoflurane, Ce-
tacaine, nor ethyl chloride significantly diminished acute responses.
The horizontal bar denotes that all mice that received ethyl chloride
(both biopsy and sham) had significantly increased acute observation
scores at 10 min compared with control mice and mice that received
isoflurane anesthesia (P = 0.01 for both). There were no significant
differences in acute observation score related to biopsy or anesthetic
treatment at 60 min after biopsy.

who received a sham biopsy, regardless of whether they had
received local or general anesthesia. Mice that received either
ethyl chloride or Cetacaine exhibited fewer rears and crosses,
compared with control and isoflurane groups, although this
finding was not statistically significant (Figure 3).
Histopathology. For assessment of tissue changes, the identi-
fied inflammatory cells consisted of predominantly neutrophils
with fewer lymphocytes and plasma cells and were located in the
dermis and subcutis. Cells were distributed multifocally to dif-
fusely throughout the section, and the overall density was scored.
With additional time after the biopsy procedure (days 0, 1,
and 7), the inflammation score for the PT section decreased (P
< 0.01) in both biopsied and sham mice. Inflammation scores
significantly (P <0.02) decreased between days 0 and 1 and days
0 and 7 for both sham and biopsied mice. Mice that received a
5-mm biopsy had greater inflammation scores in the PT section
compared with mice that received a sham biopsy (P = 0.01).
Anesthetic treatment had no significant effect in the PT section.
For the DT section, when data from all mice that received a
5-mm biopsy were combined (Table 1), inflammation scores de-
creased from day 0 to day 1 and increased from day 1 to day 7 (P
<0.0.1and P =0.02, respectively). For mice that received a sham
biopsy, the DT inflammation score decreased significantly with
time (from day 0 to day 7, P = 0.04). Regardless of the type of
anesthetic used, mice that received a 5-mm biopsy had increased
inflammation scores for the DT section over all time points when
compared with mice that had received a sham biopsy (P <0.01).
In sham-biopsied mice, the DT inflammation score was affected
by the type of anesthetic used. Sham-biopsied mice that received
isoflurane had significantly (P < 0.008) lower inflammation
scores than did mice that received Cetacaine, ethyl chloride, or
no anesthesia. Mice that received a sham biopsy sprayed with
ethyl chloride had a significantly (P < 0.01) increased score in
the DT portion compared with mice that received Cetacaine,
isoflurane, or no anesthesia. In addition, mild focal hemorrhage
was noted on day 1 after sham biopsy only in tails treated with
ethyl chloride. Representative tail sections with corresponding
treatments and inflammation scores are highlighted in Figure 4.
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Figure 3. Locomotor activity. Activity was measured over 120 min (30
min light, 90 min dark). Whereas biopsy decreased activity across all
groups, anesthetic treatment had no significant effect. Of interest, mice
that received a topical treatment (ethyl chloride or Cetacaine) tended
to have decreased locomotor activity, with fewer rears and crosses,
than did the untreated and isoflurane-anesthetized groups. When data
between treatment groups were combined, activity was significantly
(P < 0.05) decreased in mice that received a 5-mm biopsy compared
with a sham biopsy, regardless of whether they had received topical
or general anesthesia.

Discussion

The influence of tissue biopsy on pain responses and objective
alterations in the behaviors of mice has been a primary objective
of research for many years;?>3038505 therefore, we undertook
the current study to help further elucidate the efficacy of various
topical analgesics on the procedure. The procedure of tail biopsy
for laboratory mice elicits an immediate response, with signifi-
cantly more acute behavioral responses than are seen for mice
that undergo a sham biopsy.29 Our previous work demonstrated
that although isoflurane is effective for diminishing responses
to tail biopsy in older mice (age, 41 to 45 d), it results in pro-
longed behavioral changes of decreased activity and increased
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Table 1. Histologic inflammation scores (mean [SE]) of the distal tail
across treatment groups

Day 0 Day 1 Day 7

Control

5-mm biopsy 3.00 (0) 2.67 (0.25) 3.00 (0)

Sham 1.75 (0.25) 1.00 (0) 0.33 (0.33)
Isoflurane

5-mm biopsy 3.00 (0) 2.00 (0.58) 3.00 (0)

Sham 0.50 (0.29) 0(0) 0.33 (0.33)
Cetacaine

5-mm biopsy 3.00 (0) 2.00 (0.58)  2.67 (0.33)

Sham 1.50 (0.29)  1.33(0.67)  0.67 (0.33)
Ethyl chloride

5-mm biopsy 3.00 (0) 3.00 (0) 3(0)

Sham 2.25(0.25) 2.00 (0) 2.33(0.33)

anxiety-like responses when used in younger mice of weaning
age.29 Therefore, in our continued effort toward establishing
refinements in tail-biopsy procedures for laboratory mice,
the current study evaluated various topical treatments—spe-
cifically a vapocoolant and a topical anesthetic—on behavioral
responses, locomotor activity, and the integrity of tail tissues.

Our interest in assessing vapocoolants, as compared with sys-
temic anesthesia, was derived from anecdotal reports and NIH
recommendations® that these ‘skin-refrigerant” agents would
be effective in providing some measure of comfort after biopsy.
Vapocoolants typically are delivered by aerosol application, and
the cooling effect is thought to be the direct result of the im-
mediate evaporation of the alcohol-based ingredients.!®?2%2 The
intended mechanism of action is for the rapid onset of cold to
numb the skin temporarily by decreasing nerve conduction, thus
interrupting the stimuli to the brain that typically would process
the sensation of pain.!®# These agents are often used in human
and sports medicine to assist with pain control associated with
injections, minor surgical procedures, sprains, bruising and
muscle injury; therefore their use in certain animal species has
been extrapolated to have potential efficacy.?232445471.72

Although ethyl chloride has long been used as a vapocoolant
for pediatric patients and others receiving injections or undergo-
ing catheter placement, it has been shown to be less effective
than are other local anesthetics.!06%% In addition, inappropriate
use of ethyl chloride has the potential to cause tissue damage
and frostbite;** therefore, the labeled use advocates for protec-
tion of surrounding skin with petroleum jelly (Vaseline). In our
study, despite the application of Vaseline along the majority of
the mice’s tails, they had increased acute responses (likely due
to the detected temperature change of the tail). In addition, mice
that received ethyl chloride had the greatest inflammatory infil-
trate in DT sections at all time points, compared with all other
treatment groups. Furthermore, mice that had applications of
ethyl chloride were more likely to lick and groom the tail within
the first 10 min after application.

A previous study assessed outbred preweanling Non-Swiss
Albino (NSA) mice at 17 d of age after application of ethyl chlo-
ride spray (Med-Vet International, Mettawa, IL), buprenorphine
(0.05 mg/kg SC), or 30-s immersion in 0.75% bupivicaine to
determine whether these agents provided appropriate analgesia
for tail biopsy.®® The group found that local anesthetics were
ineffective in alleviating pain associated with tail biopsy and
further stated that topical ethyl chloride spray resulted in an
increase in tail grooming behavior for as long as 60 min when
compared with other treatment groups. Importantly, this same

Adbverse effects of vapocoolants for tail biopsy

group verified that submersion of tails into ice-cold ethanol,
currently endorsed by various institutional guidelines, 343566970
is ineffective for providing topical analgesia.®

One group sought to evaluate effects of a vapocoolant (95%
1,1,1,3,3-pentafluoropropane and 5% 1,1,1,2-tetrafluoroethane,
Spray and Stretch, Gebauer) for toe-clipping procedures in
C57Bl1/6] mice. This group applied vapocoolant to the digits of
young pups (7 to 17 d of age) and determined that the immedi-
ate change in tissue temperature appeared to be distressful and
often fused digits together. The authors also noted that treating
animals elicited vocalizations, limb withdrawal, prolonged tis-
sue swelling, and increased blood loss after toe clipping, likely
related to subsequent hypothermia-induced vasodilation. These
authors ultimately did not recommend the use of a vapocool-
ant, given that the adverse effects on the animals markedly
outweighed any potential benefits.>

Our findings are consistent with the 2 studies we have just
described, in that the use of vapocoolant—in particular, ethyl
chloride spray—is ineffective for providing cryoanalgesia and
may have serious drawbacks regarding its routine use. Our
assertions are in contrast to a published study that supported
cryoanalgesia for tail biopsy of laboratory mice (25 to 28 d of
age).” The report stated that the use of ‘ethylene chloride’
spray (noted as Fluor-Ethyl Spray, Gebauer) was preferable
to ethyl chloride spray because ethylene chloride is nontoxic,
nonflammable, and ecologically friendly.>® According to our
communication with the manufacturer, Fluor-Ethyl spray,
which has been discontinued, contained ethyl chloride and
fluoromethane. In addition, another study referenced to sup-
port the use of ethylene chloride,* instead used the product
PainEase (Gebauer)—that is, 1,1,1,3,3-pentafluropropane and
1,1,1,2-tetrafluroethane, the same constituents of the product
used by authors who recommended against the use of a vapo-
coolant, given its pronounced adverse effects.’® The compound
ethylene chloride (1,2-dichloroethane) itself does not appear to
have been tested, rendering the recommendations potentially
ambiguous about the efficacy of cryoanalgesia for older mice.

To our knowledge, the efficacy of Cetacaine as a local anes-
thetic for tail biopsy in laboratory mice has not been studied
previously, although its use is recommended by certain institu-
tions.® Cetacaine is a fast-acting, long-lasting topical anesthetic
that combines benzocaine (fast-onset, short-acting) with butam-
ben (intermediate-onset, intermediate-acting) and tetracaine
(slow-onset and long-acting) to provide a potentially broader
therapeutic range of topical effect. Cetacaine is specifically
labeled for use on mucous membranes; therefore, it was not
unexpected to find that this agent appeared to have minimal
to no anesthetic effect when applied to intact murine tail tissue.
Related to Cetacaine use in our study, other colleagues found
that pretreatment of mouse tails by submersion for 2 min into a
solution of lidocaine, bupivacaine, or their combination did not
seem to permit sufficient penetration into tail tissue to ensure
adequate localized analgesia.*® Another study similarly found
no significant differences in hot-plate withdrawal times between
untreated mice and those treated with lidocaine, bupivicaine,
or their combinations when delivered by tail submersion in
DMSO.2 Reports of methemoglobinemia due to oropharyngeal
use of topical analgesics in both humans and various species of
laboratory animals, including mice, have been published.>132041
A very common behavior after tail biopsy or application of
topical anesthetic was for mice to lick the tip of the tail, lead-
ing to the likely ingestion of Cetacaine. Due to the extensively
studied concerns of methemoglobinemia when ingested or
applied topically to the mucosa of the oropharynx, the use of
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Figure 4. Distal tail histology. Representative images of di:

Cetacaine may pose an additional safety hazard to laboratory
mice after application.

Work by our group and others have reported on the histology
of naive mouse tail tissues for vertebral development and pres-
ence of nervous tissue.*>** However, microscopic assessment of
tail tissues, secondary to biopsy and after therapeutic treatments,
has not previously been conducted. Inflammation as an entity is
presumed to be an evolutionary adaptive response for restoring
homeostasis.” Our study involved exogenous inducers of inflam-
mation, particularly direct tissue transection and the application
of skin irritants. Various degrees of inflammation were found in
most of the tail samples analyzed. Sham-biopsied animals did
have evidence of neutrophilic infiltration in tail tissues, poten-
tially secondary to the manual pressure applied to the tail at the
faux biopsy site; however, this response was not statistically sig-
nificant compared with that in biopsied sections. For those mice
that were biopsied, inflammation would have been an expected
adaptive tissue response to injury that persisted through the 7-d
period that we assessed. Inflammation varied between solely
neutrophilic and combined neutrophilic and lymphoplasmacytic;
however, the type of inflammatory infiltrate was not dependent
on treatment group or day assessed after biopsy. Mice directly
sprayed with ethyl chloride had significantly more inflammation
in tail tissues than did all other groups, likely due to a cellular
response to the acute tissue damage caused by this vapocoolant.

3 AN

stal tail histology demonstrate inflammation scores of 0 (none or minimal; example:
day 7, isoflurane-treated mouse with sham biopsy), 1 (mild; example: day 7, Cetacaine-treated mouse with sham biopsy); 2(moderate; exam-
ple: day 7, mouse treated with ethyl chloride and sham biopsy), and 3 (severe; example: day 7, untreated control mouse with biopsy). Overall,
inflammation scores were higher (P = 0.01) in biopsied mice compared with sham mice for as long as 7 d after biopsy. Inflammation scores for
the distal portion of the tail were significantly (P < 0.01) higher in mice that received ethyl chloride compared with mice that received Cetacaine,
isoflurane, or no anesthesia. Ep, epidermis; NP, nucleus pulposa; VB, vertebral body; magnification, 10x (inset, 40x).

% X -

Mice exposed to brief isoflurane anesthesia had the least
amount of inflammatory infiltration to the tail as compared
with all other treatment groups, including controls. This finding
suggests that isoflurane may contribute antiinflammatory effects
to the subcutaneous tissues and skin, as has been described
in other organ systems. For example, pre- and posttreatment
with isoflurane and other volatile anesthetics has been shown
to reduce brain edema and improve neurobehavioral function
in mice with traumatic brain injury or induced subarachnoid
hemorrhage;>*>*8 decrease renal and myocardial ischemic-rep-
erfusion injury in mice;%”® and attenuate sepsis-induced lung
inflammation.® The mechanism by which this antiinflammatory
effect is exerted is still unknown, but isoflurane has been shown
to decrease several proinflammatory cytokines involved with
neutrophil recruitment.!26?

Contrary to our previous assertion that anesthesia or topical
analgesia should be given to preweanling mice for tail biopsy,® the
topical treatments tested herein did not ameliorate acute behavio-
ral responses within 10 min after biopsy as compared with those
of sham mice that did not receive anesthesia. In fact, both ethyl
chloride and Cetacaine resulted in increased acute responses and
decreased locomotor activity in mice, compared with isoflurane-
anesthetized and untreated control mice, regardless of biopsy.

Given our findings and in accordance with the work of oth-
ers, we do not support the application of the vapocoolant, ethyl
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chloride, or the topical anesthetic Cetacaine for tail biopsy of
laboratory mice, regardless of age. In addition to the aversive
responses to ethyl chloride, this topical vapocoolant caused the
greatest degree of inflammatory changes and focal hemorrhage
within mouse tail tissues. Ultimately, neither inhaled isoflurane
nor topical anesthetics appreciably enhanced the wellbeing
of preweanling mice undergoing tail biopsy for genotyping
purposes.
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