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Comparing Phlebotomy by Tail Tip Amputation,
Facial Vein Puncture, and Tail Vein Incision

in C57BL/6 Mice by Using Physiologic and
Behavioral Metrics of Pain and Distress

Elizabeth S Moore,”" Thomas A Cleland,? Wendy O Williams,? Christine M Peterson,®> Bhupinder Singh,?
Teresa L Southard,! Bret Pasch,*® Rachael N Labitt,® and Erin K Daugherity'?

Tail tip amputation with minimal restraint is not widely used for mouse phlebotomy. In part, this infrequency may reflect
policies influenced by tail tip amputation procedures for genotyping, which involve greater handling and tissue removal. To
assess tail tip amputation with minimal restraint as a phlebotomy technique, we compared it with 2 more common methods:
scruffing with facial vein puncture and lateral tail vein incision with minimal restraint. Blood glucose levels, audible and
ultrasonic vocalizations, postphlebotomy activity and grooming behavior, open field and elevated plus maze behaviors,
nest-building scores, and histologic changes at the phlebotomy site were evaluated. Mice in the facial vein phlebotomy
group produced more audible vocalizations, exhibited lower postphlebotomy activity in the open field, and had more severe
histologic changes than did mice in the tail incision and tail tip amputation groups. Facial vein phlebotomy did not affect
grooming behavior relative to sham groups, whereas tail vein incision—but not tail tip amputation—increased tail grooming
compared with that in control mice. Blood glucose levels, nest-building scores, and elevated plus maze behavior did not dif-
fer between groups, and no mice in any group produced ultrasonic vocalizations. Tail tip amputation mice did not perform
differently than sham mice in any metric analyzed, indicating that this technique is a potentially superior method of blood
collection in mice in terms of animal wellbeing.

Abbreviations: FV, facial vein puncture; SF, sham facial vein puncture; ST, sham tail tip amputation; TA, tail tip amputation; TI,
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tail incision

Nonterminal blood sample collection from mice is a common
procedure in biomedical research. Because multiple phlebotomy
sites are accessible in mice, researchers must weigh the benefits
and disadvantages of each technique during experimental
design. A method that requires minimal restraint, minimal
handling, and no anesthesia or analgesia administration is
less likely to affect stress-responsive physiologic parameters
and impair animal wellbeing, thereby reducing variability in
research data.>15% Stress associated with phlebotomy likely
varies with the amount of related pain, the type of handling and
restraint used, and the procedure length. In addition, common
procedures such as moving cages, handling, and immobilization
can cause substantial increases in stress responsive physiologic
parameters.'31832 We sought to evaluate how tail tip amputation
for phlebotomy, compared with facial vein puncture and lateral
tail vein incision, affected indicators of pain and distress in mice.

In addition, the practical feasibility of a phlebotomy method
must be considered, including the ability to obtain an adequate
sample volume, the ease of training the phlebotomist, and the
skill and dexterity required. The availability of visual landmarks
at the site, and its proximity to other important anatomic struc-
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tures, also are likely to affect success rates. Previous studies
have indicated that training and experience influence animal
outcomes after retroorbital phlebotomy in rats and mice. How-
ever, such experience did not significantly affect the outcome
after tail tip amputation, suggesting that this technique is easier
to master than retroorbital phlebotomy.?12%3

Methods used to evaluate the effect of phlebotomy on animal
welfare and data quality vary, making comparisons between
studies difficult. However, the influence of an experimental
procedure on mice can be evaluated by quantifying and as-
sessing relevant physical and behavioral parameters. Physical
parameters include blood glucose levels and the presence
of stress- and pain-responsive hormones, such as glucocor-
ticoids.?02¢ In addition, stress and anxiety in mice can be
measured by using well-established behavioral tests.*® The
open field and elevated plus maze tests are 2 common assess-
ments of unconditioned activity that evaluate aspects of natural
rodent behavior, including general physical activity, exploratory
behavior, anxiety, and aversion to exposed, open areas.?! Nest-
ing is another natural mouse behavior that increasingly is used
to evaluate rodent wellbeing, as well as the results of various
genetic mutations.!142428 By assessing multiple physical and
behavioral metrics, the effects of different phlebotomy methods
on animal wellbeing can be broadly evaluated.

Recommendations for rodent phlebotomy proposed in indi-
vidual reports, by working groups, and developed inhouse by
institutions vary. Further complicating matters, descriptions

307

5/8/2017 12:39:14PM‘ ‘



‘ ‘ jaalas16000089.indd 308

Vol 56, No 3
Journal of the American Association for Laboratory Animal Science
May 2017

of collecting blood by tail tip amputation differ widely, from
minimal-restraint approaches? to those applying restraining
devices for as long as 8 min.3! Tail tip amputation has histori-
cally not been favored for blood collection,!! and institutional
policies often recommend or require anesthesia or analgesia (or
both) in adult mice prior to tail tip amputation for genotyping.
However, reports suggest that the effects of anesthesia on ani-
mal physiology and wellbeing may exceed those of tail biopsy
or amputation in both severity and duration.5!5 Other reports
emphasize that the handling involved in rodent procedures is
a major factor affecting animal physiology, more so than the
sampling procedure itself.® Because many reports that discour-
age tail tip amputation for phlebotomy differ in methodology
from what several of our investigators propose to use for tail
tip blood collection, we sought to compare tail tip amputation
under minimal restraint with 2 approved methods of blood col-
lection, facial vein puncture and tail vein incision, to guide our
own institutional policy regarding this technique in adult mice.
We hypothesized that phlebotomy via tail tip amputation would
have no greater influence on animal physiology or behavior than
the tail vein incision or facial vein puncture method.

Materials and Methods

Animals and housing conditions. Mice were randomly as-
signed to one of the following phlebotomy methods: facial
vein puncture (FV, n = 12), tail tip amputation (TA, n = 9),
tail vein incision (TI, n = 9), sham facial vein puncture (SE, n
= 8), and sham tail amputation (ST, n = 8). All animals were
cared for in compliance with the Guide for the Care and Use of
Laboratory Animals'® and American Association of Laboratory
Animal Science Position Statements,? and all procedures were
approved by the Cornell University IACUC. Mice were housed
in an AAALAS-accredited facility. Mice were obtained free of
Sendai virus, mouse hepatitis virus, mouse parvovirus, minute
virus of mice, epizootic diarrhea of infant mice, reovirus type
3, pneumonia virus of mice, ectromelia virus, Theiler murine
encephalomyelitis virus, lymphocytic choriomeningitis virus,
mouse adenovirus, polyoma virus, norovirus, Helicobacter spe-
cies, Klebsiella, Pasteurella, Mycoplasma pulmonis, cilia-associated
respiratory bacillus, murine pinworms (Aspicularis and Syphacia
spp.), and mouse ectoparasites. Mice were acclimated to the
room and other environmental conditions in which experi-
mental procedures were conducted for at least 1 wk prior to
study initiation. Mice were housed and tested in a behavioral
testing suite under conventional conditions in static, open-top
cages (Mouse Cage PC7115HT, Allentown, Allentown, NJ)
containing 1/4-in. autoclaved corncob bedding (7097A, Harlan
Teklad, Frederick, MD), a cardboard hut (Refuge XKA-2450-087,
Ketchum Manufacturing, Brockville, Ontario), and a sterile nest-
ing pad (Nestlets, Ancare, Bellmore, NY). Mice were housed in
randomly assigned groups of 5 until 24 h before phlebotomy,
at which time they were moved to single housing. Irradiated
rodent diet (7912, Harlan Teklad, Madison, WI) and municipal
chlorinated water were provided without restriction. Mice were
on a 12:12-h light:dark cycle with transitions at noon (nightfall)
and midnight (daybreak). Room temperature and humidity
were controlled between 20 and 22 °C and 30% to 70%, respec-
tively. The study population comprised male C57BL/6] mice
(age, 10 to 12 wk; The Jackson Laboratory, Bar Harbor, ME).

Timeline. Experimental procedures were conducted between
0900 and 1200 (at the end of the animals’ light cycle). A singly
housed mouse was carried in its home cage to the experimental
station in the same room. One of 5 procedures was conducted
in each mouse: tail tip amputation, tail vein incision, facial

vein puncture, sham tail tip amputation, or sham facial vein
puncture (described below). After phlebotomy by means of
tail tip amputation or tail vein incision and after the sham tail
amputation procedure, the tail was gently ‘milked” for 2 min to
obtain drops of blood. Phlebotomy by facial vein incision lasted
approximately 15 to 20 s for mice in which blood was obtained
on the first puncture attempt and for as long 60 s for animals
for which the first bleeding attempt was unsuccessful. In such
cases, a maximum of 3 attempts were made on the same side.
The sham facial vein phlebotomy procedure lasted 15 to 20 s.
Immediately after phlebotomy or sham procedures, mice were
placed into a new, empty, observation cage and scored during
free movement for 10 min. Vocalizations were recorded from
the time that the mice were removed from their home cages
for the procedure through the first 2 min in the postprocedural
observation cage.

After the 10-min observation period, mice were moved into
an open field apparatus and scored for 5 min. Open field testing
was followed by another 5 min in the observation cage, after
which mice were transferred to the elevated plus maze for 5 min
of testing. After the elevated plus maze, animals were returned
to their original home cage. At 6 h after the phlebotomy or sham
procedure, each mouse was moved to another clean cage for 4 h
to score nest-building behaviors. Mice were removed from the
nest-scoring cage after 4 h (that is, at about 10.5 h postproce-
dure) and returned to their original cage. When all of the mice
had completed their 4 h in the nest-building cage, all mice were
euthanized, and tissues were fixed for histologic processing.
This time point was chosen to best evaluate the acute phase
of tissue inflammation to allow comparison of subtle differ-
ences in neutrophil infiltration related to tissue injury without
potential complication from inflammation due to secondary
bacterial invasion.

Phlebotomy and observations during the procedure. Phle-
botomy procedures were designed to standardize the amount
of blood collected, rather than the length of the procedure, be-
cause appropriate sample volume is a realistic requirement for
obtaining study data. For all methods of blood collection, the
first drop of blood was used immediately for measurement of
unfasted blood glucose (OneTouch UltraMini Glucometer, LifeS-
can, Chesterbrook, PA). The approximate volumes of blood and
plasma obtained for each mouse were recorded at the end of all
procedures. The phlebotomist was the same person throughout
the study and was trained and practiced in all methods. The
phlebotomist did not, however, have extensive experience,
reflecting the training level of research personnel who might
be performing phlebotomy after required institutional training.
Facial vein puncture was performed by scruffing the mouse
gently but firmly enough to achieve near immobility of the
head, neck, and forelimbs without impairing respiration and
puncturing the right lateral facial vein with a 22-gauge needle.

Tail tip amputation was performed similarly to a previously
reported technique.> Mice were gently removed from their home
cage by lifting from the tail base and placed immediately on the
wire cage lid. They were aligned by manipulation of the tail
such that the tail tip was placed over a small flat surface (water
bottle cap). A new, flat scalpel was used to amputate the distal
1 to 2 millimeters of tail against the flat surface (Figure 1). The
mouse was allowed to move freely atop the wire cage lid as the
tail was gently held and milked for 2 min; this duration was
determined in a pilot study to be the amount of time required
to collect approximately the same volume of blood achieved
by a facial vein puncture. Tail vein incision was performed in a
similar manner with minimal restraint: a new, flat scalpel blade
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Phlebotomy via tail tip amputation

Figure 1. Tail tip amputation phlebotomy technique. Mice were removed from their home cage by grasping the base of the tail and immediately
placed on top of their wire-bar food hopper. (A) The tail was positioned so that the tip rested over a flat surface (for example, a water bottle cap),
and the distal 1 to 2 mm was amputated using a scalpel blade. (B) The mouse was allowed freedom of movement with minimal tail restraint
while the desired volume of blood was collected by gently ‘milking’ the tail.

was used to make a 2- to 3-mm incision over the lateral tail vein
at mid-tail, and the mouse was allowed to move freely atop the
wire cage lid while the tail was gently held and milked for 2 min.
The sham facial vein puncture involved the same scruffing as
facial vein puncture, and an unopened needle gently touched the
normal site of puncture; no blood was collected. The sham tail
amputation involved the same handling as the tail tip amputa-
tion, and the nonsharp side of a blade gently touched the tail
tip; no amputation or blood collection was performed. At the
time of phlebotomy or sham procedure, an observer recorded
the following behaviors: audible noise, body flinch, urination,
defecation, and aggression. The number of phlebotomy attempts
was recorded. Immediately after phlebotomy or sham proce-
dures, mice were placed into a new, empty observation cage.
Postprocedural observation. After the phlebotomy or sham
procedure, the same observer continued to watch the mouse for
10 min in the observation cage, recording all behaviors noted
during 10 periods (1 min each). Posture, movement and activ-
ity, and grooming behaviors were specifically noted. Inactive
episodes were defined as periods of 15 s or more during which
a mouse was either largely or completely immobile.
Recording audible and ultrasonic vocalizations. We used a
high-frequency microphone connected to a desktop running
Avisoft Recorder (USG 116-200 UltraSoundGate Kit, Avisoft,
Berlin, Germany) to record audio during our trials. The micro-
phone was placed approximately 10 cm from where the head
of the mouse was located during phlebotomy. Recording began
before the cage lid was lifted to remove the mouse and ended
after 2 min in the observation cage after the procedure. For a
subset of these trials (FV,n =7, TA,n=5;TI,n=5;SE, n=4;ST,
n =4), we also recorded ultrasonic vocalizations at either a 125
kHz (n = 7) or 250 kHz (n = 18) sampling rate. Discrete proce-
dural events, including cage opening, picking up the mouse,
scruffing (if applicable), puncture (if applicable), and returning
the mouse to the observation cage, were timestamped to corre-
late the audible and ultrasonic recordings with particular events

in each procedure. The spectrograms were visualized by using
Raven Pro 1.4 (FFT, 1024; Hanning window, 50% overlap; Cor-
nell Lab of Ornithology). Two independent researchers (blind
to treatment groups) manually searched the spectrograms for
the presence of audible and ultrasonic vocalizations; detections
were in 100% agreement between the researchers. To supple-
ment these manual searches, an automated detector in Raven
was used to identify any acoustic energy above 20 kHz that was
distinct from background noise.

Behavioral testing. Open field. After 10 min of postproce-
dural observation, mice were placed into the center of a square
open-field arena (47 cm x 47 cm; wall height, 44 cm). A digital
videocamera was mounted approximately 120 cm above the
arena, and mouse movements were recorded (Any-Maze,
Stoelting, Wood Dale, IL) for 5 min. After each mouse, the arena
was cleaned with 70% ethanol, followed by water, and dried to
remove excreta and odors. Parameters analyzed included move-
ment velocity and time spent in the center compared with the
periphery of the arena. Two-factor ANOVA was performed to
assess the effects of phlebotomy treatment and region (central or
peripheral zones of the open field), and their interaction. Mice
were then returned to the observation cage for 5 min before
being placed into an elevated plus maze.

Elevated plus maze. The maze was elevated 60 cm above the
floor and consisted of 4 arms (length, 30 cm; width, 5 cm). Two
opposite ‘closed” arms had 15-cm walls, whereas the 2 ‘open’
arms did not have walls. Arms were lined with 1/4-in. thick
rubber pads to eliminate the lip surrounding the open arms. The
maze was cleaned between mice by using the same method as
for the open field arena. Mice were initially released into the
maze onto the central platform facing a closed arm and recorded
for 5 min using Any-Maze software. Parameters analyzed were
average movement velocity and total time spent within the
closed arms, open arms, and center. Both the open field and
elevated plus maze apparati were constructed in-house.

309

5/8/2017 12:39:17PM‘ ‘



‘ ‘ jaalas16000089.indd 310

Vol 56, No 3
Journal of the American Association for Laboratory Animal Science
May 2017

Nest scoring. At 6 h postphlebotomy, to assess nest-building
behaviors, each mouse was moved to a new cage containing a
new, compressed cotton nesting pad (Nestlets, Ancare, Bellmore,
NY). After 4 hin this cage, the mouse was removed, and photos
were taken from above the cage to assess nest building. The
nests were scored by a single scorer blinded to experimental
group, using a modification of a published scoring system.!”
Ordinal scores from 1 through 5 were assigned as follows: 1,
less than 10% shredded; 2, 10% to 50% shredded; 3, more than
50% shredded; 4, 100% shredded but disorganized; and 5, 100%
shredded with a flat, round nest. In addition, nests were scored
according to the location of the nest: corner (nest within 1 cm
of 2 walls) or central (all other locations).

Tissue processing and histologic scoring. Mice were eu-
thanized via CO, inhalation at 10.5 to 13.0 h after phlebotomy.
Heads and tails were fixed in neutral-buffered 10% formalin
for 24 h, followed by decalcification and tissue trimming and
embedding. Heads from the FV and SF groups were sectioned
just cranial to the angle of the mandible. For TI mice, the loca-
tion of the tail incision was located visually and that area of tail
was sectioned transversely for histologic analysis. The caudal 5
mm of tail from TA group mice was longitudinally sectioned.
Sections analogous to those taken for both TI and TA groups
were made from ST mice. Sections stained with hematoxylin
and eosin were scored by a board-certified veterinary patholo-
gist blinded to the experimental groups to assess hemorrhage,
inflammation, and tissue trauma.

Statistical analysis. Data were analyzed using R 3.2.3 (R Foun-
dation) and JMP Pro 12 software (SAS Institute, Cary, NC). Blood
glucose data were analyzed using a one-way ANOVA with
Tukey’s Honestly Significant Difference post hoc tests. Audible
vocalization data were analyzed using a y? test for independence
followed by 10 Mann-Whitney U tests using a Bonferroni-
corrected o of 0.005 for pairwise comparisons. The number of
inactive episodes was analyzed using a one-way ANOVA and
Tukey post hoc tests. The impact of facial and tail phlebotomies
on the grooming of head, body, and tail locations was analyzed
using MANOVA; facial and tail phlebotomy data were analyzed
separately, and Tukey post hoc tests were used for pairwise
comparisons. Elevated plus maze data were analyzed through
MANOVA. Open field data were analyzed by ANOVA with
Tukey post hoc tests for pairwise comparisons of phlebotomy
groups. Modified Deacon nest scores were rank transformed
and analyzed with the Kruskal-Wallis test for ordinal data.
Summary data are reported as means + SEM. Experiment-wise
P values of less than 0.05 were considered significant.

Results

Tail tip amputation as a phlebotomy technique. In a pilot
study, we found that all blood collection methods evaluated
enabled collection of the allowable blood volume based on ani-
mal weight, although the time required to do so varied. For the
current study, we chose to limit blood collection time for both
the TA and TI methods to 2 min to standardize the procedures
across mice. There were no significant differences between
the blood volumes collected by using FV (50.63 = 8.986 uL), T1
(56.67 +£10.37 uL), and TA (65 = 4.167 uL; one-way ANOVA, P
=0.4806). All 9 TA procedures were performed successfully on
the first attempt. Of the 9 TI procedures, 6 were successful on
the first attempt, whereas 3 mice required a second attempt to
deepen the incision sufficiently to obtain blood. FV puncture
was the least reliable method in our study: only 4 of 12 mice
had successful venipuncture on the first attempt, and 6 mice
required 2 or 3 attempts for success. Because we had decided

a priori that no mouse would undergo more than 3 attempts,
we were unable to collect blood through facial vein puncture
in the remaining 2 mice (these mice were included in analyses
other than blood glucose).

Blood glucose in phlebotomy groups. We compared blood
glucose levels among the 3 phlebotomy groups and included
the values reported on the Mouse Phenome Database!® for
7- to 9-wk-old C57BL/6] male mice, fed standard chow, and
fasted 4 h prior to testing (one-way ANOVA, F,, =7.205, P =
0.001). We found no differences in blood glucose levels among
the 3 phlebotomy groups (Figure 2; P > 0.05 [Tukey test] for all
comparisons). However, the FV and TI groups had significantly
lower average blood glucose values than those reported in the
Mouse Phenome Database (P < 0.001, P = 0.014, respectively),
whereas the TA group exhibited blood glucose levels similar to
the values in the Mouse Phenome Database (P > 0.05).

Audible vocalizations. Among the behaviors recorded at the
time of phlebotomy or sham procedure, phlebotomy group
significantly influenced the proportion of mice that produced
audible vocalizations (x test for independence, x?, , = 31.6, P
< 0.001). Specifically, the FV and SF groups had significantly
more audible vocalizations than all other groups (pairwise
Mann-Whitney U tests, Bonferroni-corrected for multiple
comparisons; P < 0.005). No mice in the TA (1 =9) or ST (n = 8)
groups made an audible noise during the procedure, and only
1 of 9 mice in the TI group vocalized. The single TI mouse that
produced audible vocalizations did so during positioning, tail
vein incision, and blood collection. In contrast, the majority of
mice in the FV group (10 of 12) and SF mice (7 of 8) made an
audible vocalization during the procedure. All of the FV group
mice that vocalized did so during positioning or scruffing; no
vocalizations coincided with actual facial vein puncture. In ad-
dition, 3 of the SF mice vocalized exclusively during scruffing,
whereas 4 of the SF mice vocalized during scruffing and during
sham blood collection or transfer to the observation cage. No
mice tested produced ultrasonic vocalizations (see Methods).
There were no significant differences between groups in regard
tobody flinching, defecation, and aggressive behaviors (yes—no
scoring), but there was a difference in the probability of urina-
tion (Kruskal-Wallis test, H 446 = 15549, P = 0.004). Specifically,
5 of the 12 FV mice urinated during the procedure (2 mice with
one venipuncture attempt, one mouse with 2 attempts, and 2
mice with 3 venipuncture attempts), whereas no mice in any
other group urinated.

Postprocedural epochs of inactivity. During the 10-min ob-
servation period immediately after the phlebotomy or sham
procedure, phlebotomy group had a significant effect on the
number of inactive epochs (periods of at least 15 s during which
a mouse was either largely or completely immobile). The FV
group differed from all other groups and exhibited the most
inactive epochs (Figure 3; F 1= 6.347, P <0.001; Tukey post hoc
tests comparing FV with all other groups, P < 0.01 in all cases;
no other intergroup differences).

Effect of phlebotomy techniques on grooming behavior.
During the 10-min observation period immediately after the
phlebotomy or sham procedure, grooming events were recorded
and categorized as grooming of the head, tail, or body (any
area other than head, tail, or limbs). Because mice of all groups
groomed their head much more frequently than their tail, facial
and tail grooming data were analyzed separately. Specifically,
the TI, TA, and ST (tail techniques) groups were compared using
one MANOVA; FV, SF, and ST (facial techniques) groups were
compared in another MANOVA. Phlebotomy method had a
significant effect on grooming across the 3 tail groups (Figure 4 A;
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Figure 2. Blood glucose (mean + SEM) did not differ between phlebot-
omy methods. The first drop of blood obtained by the indicated meth-
ods was used to measure blood glucose. Group sizes are indicated.
No differences existed between groups (one-way ANOVA, P = 0.095).

Wilks A, F6, »=10.242, P <0.001). Between-subjects effects testing
showed no difference in the number of head grooming events
among groups (F, ,; = 0.121, P = 0.886), but there was a highly
significant effect on the number of tail grooming events (F, ,,
=45.769, P < 0.001). Specifically, the TI group exhibited more
tail grooming events than either TA or ST groups (Tukey post
hoc test, P < 0.001 for both pairwise tests). There was no differ-
ence between TA and ST in the number of tail grooming events
(Tukey post hoc test, P = 0.416). In addition, group significantly
affected body grooming events (Fz,zs =4.582, P =0.021), with the
TI group exhibiting significantly fewer body grooming events
than the ST group (Tukey post hoc test, P = 0.019). No other
pairwise differences were significant.

Among the 3 facial phlebotomy groups (FV, SE, ST), phle-
botomy method had no effect on the number of head, body, or
tail grooming events (Figure 4 B; Wilks A: F, ,,=1374,P= 0.245).
Mice always spent significantly more time grooming the head
than the body and more time grooming the body than the tail,
regardless of phlebotomy group (grooming times: F, .. =29.773,
P <0.001; P <0.05 for all Tukey pairwise comparisons; interac-
tion with phlebotomy method: F 475 = 2.267, P = 0.070). Overall,
only the tail incision method evinced a significant increase in
grooming at the phlebotomy site.

Activity in the open field. Within the open field arena, zone
(central compared with peripheral) had a highly significant ef-
fect on mean velocity (mm/s; this measure was averaged over
the total time spent in a given zone and therefore conflates
velocity of movement with the proportion of time spent mov-
ing). On average, mice moved less in the center of the open
field than along its edges (Figure 5 A; F ,,=84.692, P < 0.001).
In addition, phlebotomy group had a significant effect on mean
velocity (F s = 4.415, P = 0.003), with the FV group exhibiting
a slightly but significantly lower velocity than the TA, TI, or SF
groups (Tukey test, P < 0.025 in each case); a similar effect of FV
phlebotomy has been previously reported.3’ No other pairwise
differences or interactions were significant.

As expected, the times spent in each zone differed signifi-
cantly (Figure 5 B; FLS2 =202.482, P <0.001), with mice spending
more time in the peripheral zone than in the center of the open
field. Phlebotomy group did not significantly affect the distri-
bution of times spent in each zone (zonexphlebotomy group
interaction: F, , = 0.323, P = 0.862).

Phlebotomy via tail tip amputation

g4 *

tp

P

£8

o2

Q2 <

&5 2

2%

e

S8 -

s5

s S

os 0- T T i T
Z - Fv TA Tl SF ST

n 12 9 9 8 8

Figure 3. Mice in the FV phlebotomy group were more often inactive
than all other groups. The number of inactive episodes, defined as be-
ing largely immobile or freezing for 15 s or more, was recorded for 10
min after the phlebotomy or sham procedures. Although the range
varied from 0 to 8 inactive periods per mouse, the number of inac-
tive periods observed per mouse (mean *+ SEM) in the FV group was
significantly greater than that in the other treatment groups. (one-way
ANOVA with Tukey post hoc tests: F, ;| = 6.347, P <0.001). No inactive
periods were observed for any tail manipulation group, and only one
inactive period was observed in the SF group. Error bars represent
SEM. *, P < 0.05.

Elevated plus maze performance. Maze zone (open arm,
closed arm, or center) had a significant effect on mean velocity
and the total time spent in each zone (Figure 5 C and D; Wilks
L F,,,, =75.406, P <0.001). Between-subjects effects analysis
indicated that both dependent variables were significantly
affected by zone (velocity: FZ,“3 =38.43, P < 0.001; time spent:
FZ,H3 = 147.522, P < 0.001), as expected for normal rodent
behavior. The interaction between zone and phlebotomy
group had no effect on velocity (P > 0.05), although it had a
marginal effect on the time spent in each zone (F,, , = 2.091,
P =0.042; Figure 5 D).

Nest building. Phlebotomy groups did not differ regard-
ing nest-building scores (Figure 6; Kruskal-Wallis test, H, , =
3.519, P = 0.475) or nest location (corner compared with central;
Kruskal-Wallis test, H4,42 =4.271, P =0.371).

Histology. Of 11 FV group mice scored histologically, 6 had
no significant findings (3 mice with one puncture attempt and
3 mice with 3 puncture attempts; Figure 7 A); the remaining
5 FV mice exhibited some degree of hemorrhage. Of these 5
FV mice, 3 had focal hemorrhage (one mouse each with 1, 2,
or 3 puncture attempts; Figure 7 B), 1 mouse with 3 attempts
had locally extensive hemorrhage (Figure 7 C), and 1 mouse
with 3 attempts had extensive hemorrhage (Figure 7 D). Areas
of hemorrhage included neck muscle, around the trigeminal
ganglion, submandibular and parotid salivary glands, brown
fat, and the mandibular lymph nodes. Two of the 11 FV mice
exhibited myodegeneration (one mouse each with 1 and 3 at-
tempts). Of the 4 randomly chosen TI mice, 2 had no significant
findings, whereas the remaining 2 exhibited mild neutrophilic
infiltration into the deep dermis (Figure 7 E and F). Finally, 5
randomly chosen TA mice were examined. Three had the last
caudal vertebra transected, while the last vertebra was intact
in 2 (Figure 7 G and H). All 5 had fibrin present at the tail tip, 4
had mild neutrophil infiltration, and 1 had moderate neutrophil
infiltration.
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Figure 4. Phlebotomy by tail incision, but not tail tip amputation, evoked significantly more tail grooming. Grooming behavior was recorded
during the 10 min after the observation period and was categorized according to body location (head, tail, or body) and averaged by treatment
group. (A) TA, TI, and ST groups were compared using MANOVA with Tukey post hoc tests. The TI group exhibited significantly more tail
grooming (mean * SEM) than did either the ST (P < 0.001) or TA groups (P <0.001). The TA group did not differ from the ST group in tail groom-
ing frequency. In addition, TI mice exhibited significantly fewer body grooming episodes than did ST animals (P = 0.019). (B) The grooming
behavior of FV, SF, and ST groups were compared in the same manner; there was no difference in the frequency or distribution of grooming

behaviors among these groups 1, P < 0.001; P < 0.05.

Discussion

This study compared the physical and behavioral effects of
tail tip amputation, a phlebotomy method not commonly used
at our institution, with those from the 2 commonly used meth-
ods of facial vein puncture and lateral tail vein incision. Blood
glucose levels, performance on an elevated plus maze, and
nest-building scores did not differ significantly among groups.
No mice in any group produced ultrasonic vocalizations during
the procedures. Mice in the FV and SF groups had significantly
more audible vocalizations than the other groups, and mice in
the FV group had significantly more inactive epochs during the
10-min postprocedural observation than all other groups. Mice
in the TI group exhibited significantly more tail grooming events
during the 10-min observation period than did TA or ST mice,
whereas the FV, SF, and ST groups showed no differences in the
grooming of the head, body, or tail. Compared with the other
groups, mice in the FV group had a significantly lower average
velocity in the open field test and more extensive histologic
tissue trauma. The findings support tail tip amputation as a
potentially superior method of phlebotomy in mice.

We found tail tip amputation to be technically easier to per-
form than facial vein phlebotomy for several reasons. Gently
manipulating mice by their tail requires less dexterity and is
likely less stressful for novice and even experienced handlers.
The tail tip is easily visualized, and in our experience failed
blood collection via tail tip amputation is extremely rare: all 9
trials in this study were successful. In contrast, the facial vein
is not visible, and phlebotomy involves the use of landmarks
to puncture the vein. Therefore, this technique is more likely to
require repeated puncture attempts. In addition, we found tail
tip amputation to be more feasible than lateral tail vein incision.
Depending on skin pigmentation, the lateral tail vein may take
longer to visualize than the tail tip, and the operator mustjudge

an appropriate depth of incision. We also found it easier to
gently milk the tail to collect blood drops in the TA group than
the TI group, where the incision—collection site was partway
down the tail and had to be avoided by the fingers applying
gentle tail restraint. We found that all 3 methods could be used
to collect the appropriate blood volume based on body weight.

The lack of a difference in blood glucose levels between the
3 phlebotomy methods (measured as an acute physiologic
stress response) may reflect an inadequate amount of time for
activation of the hypothalamic—pituitary—adrenal axis during
the phlebotomy procedures, which required 2 min or less to
complete. This lack of difference may indicate that when blood
is to be collected once only, all methods might be acceptable if
performed before hypothalamic-pituitary—adrenal axis activa-
tion can occur, in regard to the goal of minimizing variability
in samples due to stress. Activation of the hypothalamic—pi-
tuitary—-adrenal axis would likely play a more important role
in sample characteristics based on repeated blood sampling.
Moreover, hematologic parameters, including blood glucose,
hemolysis, WBC counts, and serum chemistry values, can vary
significantly between sites of blood collection.!>72>

The significantly increased number of audible vocalizations
by the FV and SF groups suggests that those procedures were
more painful or stressful to the mice. The vocalization propor-
tions were similar between the SF and FV groups, and the
vocalizations generally coincided with handling procedures
rather than actual phlebotomy. Very few vocalizations were
heard in the other 3 groups, where the only restraint was gentle
manipulation of the tail. This finding is in agreement with other
reports, emphasizing that handling may have greater effects
than tissue sampling procedures themselves in mice.® Although
the production of ultrasonic vocalizations is associated with
aversive stimuli in rats?? and chronic pain in mice,!” our find-
ings suggest that neither audible nor ultrasonic vocalizations
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Figure 5. The FV group exhibited a significantly lower average speed in the open field test relative to all other groups. Mice were placed into an
open field arena for 5 min, during which their movements were recorded and analyzed with CleverSys TopScan software. (A) Velocity and (B)
time spent in the center and peripheral zones were analyzed. (A) Region (center compared with periphery, P < 0.001) and treatment (P = 0.003)
had significant effects on velocity; mice moved more slowly in the center than along the periphery. Between phlebotomy groups, the FV group
exhibited a significantly lower velocity overall (regardless of zone) than any of the other phlebotomy groups (P < 0.05 for all) except ST (P > 0.05);
there were no other significant pairwise differences between groups. (B) Mice spent more time along the periphery (P < 0.001) than in the center
of the open field, but treatment had no effect on the times spent in either region (P = 0.862). After the open field test, mice were placed into the ob-
servation cage for 5 min, then placed in an elevated plus maze for 5 min. Maze zone significantly influenced (C) mean velocity and (D) the time
spent in each zone (P < 0.001), but phlebotomy group did not affect performance in the elevated plus maze (P > 0.05). Error bars represent SEM.

are reliably associated with acute pain in laboratory mice, or disruptive to mice than are any blood collection methods
in agreement with a previous study.* However, our data do  requiring scruffing.

demonstrate that scruffing results in vocalization almost 100% The increased number of epochs of inactivity during the 10
of the time, whereas gentle tail manipulation rarely incites min after blood collection further suggests that the FV phle-
vocalization, suggesting that tail manipulation is less stressful ~ botomy method has a greater effect on mouse wellbeing than
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Figure 6. Nest-building scores did not differ significantly between phlebotomy groups. A modified version of a published nest-scoring system’
was used to score nests built within a 4-h period. Mice were moved to a clean cage with a new cotton square about 6 h after phlebotomy and
removed from the cage 4 h later for euthanasia. Pictures of the nests then were scored by an assessor who was blind to phlebotomy group. (A)
Examples of nests receiving each indicated score. (B) Quantification of average nest score by group. The FV group seemed to exhibit a lower

‘ ‘ jaalas16000089.indd 314

average nest score, but the difference was not significant (Kruskal-Wallis test: H, ,, = 3.519, P = 0.475). Error bars represent SEM.

the other methods tested. This finding is in agreement with a
previous study, which yielded lower activity scores in mice who
had undergone facial vein or anesthetized jugular vein bleeding
than in mice that had undergone retrobulbar, saphenous, or tail
vein blood collection.3 We suggest that the reduced activity of
the FV group might be a result of increased pain or distress.

Phlebotomy group had no significant effect on the groom-
ing of the head, body, or tail when FV, SF, and ST groups were
compared. This finding may indicate there was no significant
difference in pain or discomfort after phlebotomy between
the groups. However, mice in the TI group groomed their tail
significantly more than did mice in the TA or ST groups, sug-
gesting that TI is more painful or disruptive than TA. In previous
studies, when grooming was factored in to a total impact score,
removal of the distal 5 mm of tail had a significant effect;>!®
these previous results resemble the effects on our TI mice but
contrast sharply with our TA group. We did, however, observe
a wicking effect of blood along the skin in the TI group which
was not present in the TA group. This slight wicking of blood
along the skin might have contributed to the increased tail
grooming in addition to, or instead of, actual pain or discomfort
in this group. The lack of a difference in tail grooming behavior
between the TA and ST groups supports tail tip amputation as
a humane method of blood collection in awake mice.

The mice exhibited normal behavior in the open field test and
elevated plus maze, spending less time and moving more slowly
in the open regions of both tests. The reduced mean velocity of
the FV group in the open field test supports the interpretation
of greater pain or distress (or both) associated with this method

that was also suggested by the decreased activity during the 10
min observation period in this group. In addition, this finding
resembles the open field results reported in a previous study,
in which mice in facial vein and jugular vein blood collection
groups traveled significantly less distance in the open field test
than did mice that had undergone retrobulbar, saphenous, or
tail vein blood collection.?® Behavioral responses might have
been affected by moving mice to single housing 24 h prior to
experimental manipulation; however, because this procedure
was identical across treatment groups, it is unlikely to influence
comparative results. In addition, performance might general-
ize across repeated testing instances, but this generalization is
unlikely to influence outcomes in our study because the tests
were simple exploration metrics and were performed in the
same order and on the same timescale among groups.

We noted a nonsignificant trend toward decreased nest
complexity in the FV group. If facial vein puncture caused pain
in the masticatory muscles, nesting pad shredding might be
expected to decrease, given that mice use their teeth to shred
bedding material. Although important differences between the
phlebotomy groups might not have emerged during the 4-h
window in which the nests were built, it also is possible that
nest scoring is not a sufficiently sensitive method with which
to detect the effects of phlebotomy. Analyzing nest complexity
at different time points or with different nesting material might
have yielded different results, given that nesting material has
been shown to influence nest complexity.?3

The most severe histologic changes were found in mice from
the FV phlebotomy group. Although 6 of the 11 FV group mice
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Figure 7. Tissue sections stained with hematoxylin and eosin showed histologic changes associated with phlebotomy via (A-D) the facial vein,
(E and F) tail vein incision, or (G and H) tail tip amputation. (A) Transverse section of the head including the facial vein (arrow) and showing
no significant histologic findings from a mouse with a single attempt at facial vein puncture. (B) Transverse section of the head, showing an
enlarged version of the boxed region in A, from a mouse with a single attempt at facial vein puncture showing mild hemorrhage (arrowhead).
(C) Transverse section of the head showing moderate hemorrhage in the subcutaneous tissue and surrounding the mandibular lymph node (ar-
rowheads). (D) Transverse section of head showing extensive hemorrhage around the parotid gland, brown fat, and mandibular lymph node
(arrow heads), with RBC in lymph node sinuses (arrow) . (E) Cross section of midtail with no significant findings in a TI mouse. (F) Cross section
of mid-tail in a mouse from the TI group showing mild neutrophilic infiltrate in the deep dermis of cross section. (G) Longitudinal section of the
tail tip showing an intact vertebra (arrow) with fibrin and mild neutrophilic infiltrate in a mouse from the TA group. (H) Longitudinal section of
the tail tip showing the last caudal vertebra transected (arrow) with fibrin and moderate neutrophilic infiltrate in a mouse from the TA group. a,
brainstem; b, external ear canal; ¢, salivary gland; d, adipose tissue; e, skeletal muscle; f, lymph node.

scored for histologic changes had no significant findings, 5 had
hemorrhage ranging from local to extensive and surrounding
several important anatomic structures. There was no clear
pattern between the number of phlebotomy attempts and the se-
verity of the histologic changes, given that mice that experienced
3 attempts ranged from no significant findings to extensive hem-

orrhage, whereas focal hemorrhage and myodegeneration were
seen in a mouse that underwent a single phlebotomy attempt.
However, the most extensive hemorrhage was seen in a mouse
that had 3 facial vein phlebotomy attempts. These histologic
changes of hemorrhage and muscle damage after facial vein
puncture are similar to those observed in previous reports.?’
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Work evaluating the effect of removing the distal 5 mm of tail
for genotyping revealed an increase in dermal and subcutaneous
inflammation.® Mild neutrophilic infiltration and fibrin accu-
mulation are considered a normal response to mild trauma and
occurred in 2 of the 4 TI mice scored and in 4 of the 5 TA mice
scored. The lack of hemorrhage and other deleterious changes
in either the TT or TA group likely reflect the less extensive vas-
culature in the tail compared with the face, the smaller distance
between the target vessel and the surface of the skin, and a
greater degree of accuracy achieved by the ability to visualize
the target vessel in the tail. Of the 5 TA group mice, 3 had the last
caudal vertebra transected, whereas it was intact in the other 2.
Ideally transecting vertebrae would be avoided—and perhaps
could be avoided with greater development of this phlebotomy
method—but the lack of behavioral responses overall in the
TA group suggest that transection did not cause noteworthy
pain or distress, and there were no histologic differences be-
tween the mice that did or did not have vertebrae transected.
These histologic findings indicate that greater trauma risk was
incurred when phlebotomy was attempted via the facial vein
than when it was attempted through lateral tail vein incision or
tail tip amputation, although all phlebotomy methods caused
some level of tissue response.®12

The adverse effects of facial vein puncture may be reduced
when performed by a highly experienced phlebotomist, for
whom the need for multiple venipuncture attempts is rare.
However, often research personnel who have been appropri-
ately trained but have not yet gained extensive experience
will perform phlebotomy. Our results emphasize that facial
vein phlebotomy is less practical for such personnel than
tail tip amputation and increases the likelihood of pain and
distress.

In summary, we found no evidence that tail tip amputation
causes more pain or stress to mice than a sham manipulation
of the tail or than 2 already approved methods in awake, adult
C57BL/6] mice according to the metrics we used. The increased
number of audible vocalizations, increased number of inactive
epochs in the 10-min observation period, reduced velocity in
the open field test, and increased severity of postprocedural
histologic findings suggest that facial vein phlebotomy may be
the least desirable of the 3 tested methods in terms of animal
welfare, despite requiring less total handling time. Further-
more, we find no evidence to suggest the need for analgesia
or anesthesia to accompany tail tip amputation, given the lack
of differences between the TA and ST groups. However, alter-
native methods of assessing pain and distress or evaluating
additional time points might reveal some adverse effects of
these phlebotomy methods in mice. Animals were acclimated
to the environmental conditions of the behavior testing suite for
1 wk; additional acclimatization might further reduce experi-
mental variation. Finally, the length of time the tail is milked
for blood collection may alter the influence of the procedure on
the animal. This method may not be appropriate in situations
in which multiple temporally spaced blood samples need to be
collected or in mice from which tail biopsies have previously
been collected for genotyping. These circumstances should be
experimentally evaluated before adoption of tail tip amputation
as a standard method of blood collection under these conditions.
Future studies could evaluate the feasibility and animal welfare
consequences of repeated tail tip amputation and the feasibility
of blood-clot disruption for repeated sampling within a short
time frame. From an animal welfare standpoint, we suggest
that tail tip amputation is a superior phlebotomy method in
experimental design.
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