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Validation Studies on Blood Collection from the
Jugular Vein of Conscious Mice

Yasufumi Shirasaki,” Yoshihiro Ito,> Miho Kikuchi,® Yuichiro Imamura,? and Toshiaki Hayashi®

A method for blood collection from the jugular vein of mice without anesthesia was compared with a tail-incision tech-
nique. Jugular vein blood collection allowed withdrawal of almost 15% of the circulating blood volume at a time in less than
1 min. Hemolysis, hematocrit, and plasma thrombin-antithrombin complexes (a marker of blood coagulation) were higher
in samples collected from the tail vein than the jugular vein. Mice produced similar plasma corticosterone levels after serial
blood collection by either method. Tail incision led to a slight but significant increase in C-reactive protein levels. Using
the jugular venipuncture technique, we then performed a pharmacokinetic study and an oral glucose tolerance test. Plasma
concentrations of levofloxacin, an antimicrobial agent, were dose-dependently elevated after oral administration, and linear
increasesin C___and AUC were observed. We also confirmed that overall glucose excursion is significantly decreased in mice
treated with exendin 4, a glucagon-like peptide 1 agonist. These results indicate that the jugular venipuncture is a useful
technique from the point of view of no requirement for anesthetics, serial blood collection at short intervals, large volume
of blood collection, quality of sample and animal welfare. This technique is of particular interest for studies that examine

time-dependent changes in blood variables.

Abbreviation: CRP, C-reactive protein.

Blood collection is one of the most common procedures per-
formed on laboratory animals, and obtaining more than one
sample per subject is often necessary. Serial blood collection
from mice can be challenging because of animal size. Various
methods for serial sampling from mice have been reported,
including blood collection from the retroorbital sinus,®”1823 the
lateral tail vein,*'5 saphenous vein,'” sublingual vein,®%? and
the submandibular vein.®” However, these methods each have
their own drawbacks, including associated tissue damage, a
need for anesthesia, time-intensive, contamination with other
tissue fluids, and limited blood volume. For example, retroor-
bital sinus bleeding requires anesthesia? and carries the risk
of secondary ocular injury.>*° Saphenous vein puncture can be
time-consuming and may not be feasible at short intervals of
blood collection.!%!? Compared with saphenous venipuncture,
submandibular bleeding required less time and allowed collec-
tion of a larger volume of blood, but was more stressful than
saphenous venipuncture and greater tissue damage.'?

Previous reports have described sampling from the jugular
vein of mice.!!3 Although these reports described how to col-
lect blood sample, it is unknown whether jugular venipuncture
meets the following inclusion criteria: serial blood collection,
large sample volume, high quality of sample, and animal wel-
fare. The purpose of the current study was to compare jugular
venipuncture with a method of tail incision, which has been
used routinely at our institute. We evaluated the effect of the
method of blood collection on various parameters, includ-
ing hemoglobin, hematocrit, and levels of C-reactive protein
(CRP), corticosterone, and thrombin—antithrombin complexes
(a marker of blood coagulation. We also evaluated whether
jugular vein blood collection is suitable for studies that require
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serial samples, such as pharmacokinetic studies and oral glucose
tolerance testing.

Materials and Methods

Animals. Male ICR and C57BL/6N mice (age, 5 wk) were
obtained from Charles River Laboratories Japan (Yokohama,
Japan). The mice were housed in a regulated environment (23
+2°C, 55% £ 15% relative humidity) under a 12:12-h light:dark
cycle (lights on, 0800 to 2000) and received food (F2; Funabashi
Farm, Chiba, Japan) and tap water ad libitum. Blood collection
was carried out on 6-wk-old mice. All experimental proce-
dures were performed in accordance with the guidelines of the
Daiichi-Sankyo IACUC.

Blood collection from the jugular vein and sample handling.
Jugular vein blood collection was performed by a modification
of the method in previous reports.!13 Operators required 0.5 to
1 d of training to master this bleeding technique. In the present
study, blood collection was performed by 2 technicians. The
mouse was held by grasping the loose skin of the back firmly
with fingers, and its head was elevated without spreading the
submaxillary gland. Petroleum jelly was applied to fur that
had been wetted with alcohol, revealing the jugular vein as a
blue, pulsating area (Figure 1 A). When pigmented mice were
used, the fur around the thoracic region was removed by shav-
ing (Figure 1 B). By using a 1-mL syringe, a 27-gauge needle
was inserted into the jugular vein through the pectoral muscle
below the sternoclavicular junction (Figure 1 A and B). Blood
was withdrawn slowly to avoid the collapse of these vessels,
and approximately 30 to 50 uL blood was collected at each time
point. Immediately after blood collection, gentle pressure was
applied to the site to stop the bleeding. The mean time from the
beginning of animal handling to the end of blood collection was
within 1 min (not including time for hair shaving), and approxi-
mately 15% of the total blood volume, the maximum allowed,?
was collected from each mouse. All procedures in both albino
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Figure 1. Blood collection from the jugular veins of ICR albino and C57BL pigmented mice. (A) By applying petroleum jelly to fur wetted with
alcohol, the jugular vein was visible as a blue, pulsating area. By using a syringe, a 27-gauge needle was inserted into the jugular vein through
the pectoral muscle. (B) Hair around the thoracic region was removed by shaving. Blood sampling was performed by using a syringe with a
27-gauge needle. (C) Cutting the syringe with a plastic tubing cutter. (D) The collected blood sample was transferred into a capillary tube and

then centrifuged.

and pigmented mice were performed without skin section and
anesthesia. After using a plastic tubing cutter (Bel-Art Products,
Pequannock, NJ) to cut the syringe, the collected samples were
transferred into heparin-coated capillary tubes unless otherwise
noted (Figure 1 C and D) and centrifuged at 10,000 x g for 10
min (model 3220, Kubota, Tokyo, Japan). Plasma samples were
stored at —80 °C until analyzed.

Blood collection from the lateral tail vein. Mice were placed
in a conventional holder (ICN2, ICM, Tsukuba, Japan). Blood
samples were obtained by obliquely incising the lateral tail vein
by using a razor blade, and 30 to 50 uL of blood was collected
into a heparinized capillary tube. After collection, bleeding was
stopped by gentle compression on the wound for a few seconds.
The length of time required for collecting 30 to 50 pL of blood
was less than 1 min. This method was applicable to both albino
and pigmented mice. For repeated sampling, the surface of the
original wound was disrupted.

Assay of various parameters. Heparinized plasma samples
were used to determine hemoglobin, CRP, and corticosterone

levels. Thrombin—-antithrombin complexes were assayed by
using plasma samples treated with 3.2% (w/v) sodium citrate.
Hemoglobin concentration was determined by a colorimet-
ric method based on a cyanohemoglobin method (Biochain,
Hayward, CA). ELISA assays for CRP (Life Diagnostics West
Chester, PA), corticosterone (Yanaihara, Shizuoka, Japan), and
thrombin-antithrombin complexes (Siemens, Tokyo, Japan)
were used to quantify concentrations in a microplate reader
(Spectra Max 250, Molecular Devices, Sunnyvale, CA).
Pharmacokinetic study. Levofloxacin, an antimicrobial agent
(Daiichi-Sankyo, Tokyo, Japan), was administered orally at 3, 10,
or 30 mg/kg to ICR mice. Blood was withdrawn at 15, 30, 60, 120,
and 240 min after administration. All samples were measured
by liquid chromatography with tandem mass spectrometry.
Briefly, levofloxacin was extracted with acetonitrile and applied
to a chromatograph (series 1100, Agilent Technologies, Santa
Clara, CA) and tandem mass spectrometer (API 4000, Applied
Biosystems, Foster City, CA). Chromatographic separation was
performed on a Shim-pack XR-ODS column (inner diameter,
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2 mm; length, 30 mm; Shimadzu, Kyoto, Japan). The analysis
was performed in the multiple reaction monitoring mode with
monitoring of precursor—product ion pairs of m/z 363—319
for levofloxacin and m/z 283—265 for nuflumic acid (Sigma-
Aldrich, St Louis, MO) used as an internal standard.

Oral glucose tolerance testing. Exendin 4 (5 pg/kg), a
glucagon-like peptide-1 agonist (AnaSpec, San Jose, CA), was
administered intraperitoneally 30 min before glucose admin-
istration. Oral glucose tolerance testing was performed by
administering glucose at 2 g/kg to C57BL/6N mice, and col-
lecting blood at 0, 15, 30, 60, and 120 min after glucose loading.
The blood glucose levels were determined by using a Glucose
CII-Test (Wako Pure Chemical Industries, Osaka, Japan), which
measures the oxidation of B-D-glucose transformed by the ac-
tion of mutarotase.

Statistical analysis. All data are expressed as mean + 1 SD.
Statistical analyses were performed by using EXSAS version
7.5.2.2 (Arm, Osaka, Japan) which is based on SAS release
9.1.3 (SAS Institute Japan, Tokyo, Japan). Hematocrit, hemo-
globin, and thrombin—antithrombin complexes were analyzed
by unpaired Student f tests. Comparisons of changes in CRP,
corticosterone, and glucose levels were analyzed by repeated-
measures ANOVA, and time-dependent changes in CRP were
compared by one-way ANOVA followed by the Dunnett test.
The relationship between dose of levofloxacin and pharma-
cokinetic parameters was studied by linear regression analysis.
Differences yielding a P value less than 0.05 were considered
statistically significant.

Results

Comparison of jugular venipuncture and tail incision for col-
lection of single blood samples. To characterize samples, we
first measured plasma hemoglobin levels to assess collection-
associated hemolysis of erythrocytes. Samples from the tail
vein had significantly (P < 0.01) higher plasma hemoglobin
levels than did those from the jugular vein (Figure 2), indicating
increased hemolysis of erythrocytes by tail incision. In addi-
tion, hematocrit values were significantly (P < 0.001) higher in
samples collected from the tail vein than the jugular vein (Fig-
ure 2). Furthermore, levels of plasma thrombin-antithrombin
complexes were approximately 11-fold higher (P <0.001; Figure
2) in samples from the tail vein compared with the jugular vein.
These results suggest that jugular vein puncture leads to less
coagulation than does incision of the tail.

Comparison of jugular venipuncture and tail incision for
collection of serial blood samples. To examine the influence of
sequential blood collection on animal stress and tissue damage,
blood was obtained from either the jugular or lateral tail vein of
mice once daily for 5 d. During the study period, a single techni-
cian collected blood samples at the same time each day. Serial
blood collection was performed successfully by using the same
jugular vein throughout the study, without having to access
contralateral vessel. Mice that underwent jugular venipuncture
had only slight hemorrhage and minimal tissue damage at the
injection site (Figure 3 A and B). For tail incision, because se-
rial blood collection was performed by disrupting the original
wound, all mice had small incision wounds (data not shown).
We evaluated the effect of serial blood collection on CRP, an
acute-phase protein that is increased in plasma after acute tissue
damage or inflammation.!4?325 CRP levels in samples from the
jugular vein were consistent throughout serial blood collection
(Figure 3 C). However, blood samples from the tail vein showed
slight but significant time-dependent increases in CRP (P <0.05
for day 2 to 4; P < 0.001 for day 5; Figure 3 C). Tail incision led

Jugular venipuncture in mice

120

Jugular vein
Tail vein

100 |

60

20

Thrombin-
antithrombin
complexes (ng/mL)

Hemoglobin Hematocrit
(mg/dL) %)

Figure 2. Comparison of jugular venipuncture and tail incision for sin-
gle blood collection. Blood collection from C57BL/6N mouse was per-
formed at the timing of once per animals. Plasma samples were com-
pared for hemolysis, hematocrit, and levels of thrombin—antithrombin
complexes. Data represent the mean = 1 SD (n = 10 in each group).
Significant (t, P < 0.01; §, P < 0.001 [Student ¢ test]) differences from
value for jugular venipuncture are indicated.

to CRP levels that were significantly (P < 0.001) higher than the
mean for the jugular sampling method (Figure 3 C).

Because handling-associated stress might differ between 2
sampling techniques, we measured plasma corticosterone as a
key indicator of stress. Plasma corticosterone levels did not dif-
fer across the 5 d of blood collection for either blood collection
technique (Figure 3 D). Furthermore, there was no statistical
difference in corticosterone levels between the 2 sampling
methods, suggesting similar stress responses in the 2 groups
of mice (Figure 3 D).

Pharmacokinetic study and oral glucose tolerance test. To
further assess whether the jugular venipuncture technique is
suitable for studies that require serial blood collection, we car-
ried out a pharmacokinetic study and oral glucose tolerance
testing. After oral administration of levofloxacin to mice, the
plasma concentration of the drug increased dose-dependently
(3 to 30 mg/kg) and then gradually decreased thereafter (Figure 4
A). Pharmacokinetic studies revealed that dose proportionality
inC__ (first sampling point) and AUC demonstrated high cor-
relation coefficients of 0.993 and 0.985, respectively (Figure 4 B
and C). In addition, blood glucose levels increased markedly
in vehicle-treated mice after oral glucose challenge (Figure 5).
Mice treated with exendin 4, a glucagon-like peptide-1 agonist,
had significantly (P <0.001) lower blood glucose levels than did
mice that received vehicle alone.

Discussion
Repeated blood collection from individual animals would
reduce animal use and decrease interindividual variability and
variation. However, repeated sample collection is technically
difficult in small animals such as mice due to their relatively
small blood volume and the lack of easily accessible vessels.
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Figure 3. Comparison of 2 sampling techniques for serial blood collection. Blood samples were collected daily for 5 d from C57BL/6N mice. (A
and B) Tissue damage after serial sampling from the jugular vein. Arrows show injection sites. Plasma levels of (C) CRP and (D) corticosterone
were compared between 2 techniques. Data represent the mean + 1 SD (n = 10 in each group); significant differences from day 1 values (¥, P
< 0.05; f, P < 0.001 [one-way ANOVA followed by Dunnett test] and between jugular venipuncture and tail incision (+, P < 0.001[repeated-

measures ANOVAY]) are indicated.

A common technique for blood sampling in mice involves col-
lection from the lateral tail vein by transection or puncture.!#28
Although tail incision has been used routinely at our institute,
this technique tends to yield small volumes of blood and is
time-consuming. To provide an alternative method for serial
blood collection in mice, we compared the jugular venipuncture
with tail incision.

Both technicians were able to collect single blood samples
with the same degree of technical skill for all samples. The mean
time required for blood collection from the jugular vein was

less than 1 min, and this sampling method enabled one-time
collection of 15% of the circulating blood volume, the maximal
amount allowed.? Therefore, jugular venipuncture facilitates
potential serial blood collection at short intervals and of large
volumes. The time required to collect a small volume of blood
(less than 50 uL) by tail incision was similar to that for the jugular
vein puncture. However, the tail incision technique was time-
consuming when more than 100 uL blood was collected.

The quality of blood samples influences the results of analyses
of biochemical parameters. For example, increased hemolysis
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Figure 4. Pharmacokinetic study of levofloxacin. Levofloxacin was administered orally at 3, 10, or 30 mg/kg to ICR mice. Blood was drawn at

15, 30, 60, 120, and 240 min after administration. (A) Plasma concentration curve. (B) C

each group).

affects the values of some biochemical parameters, includ-
ing AST and ALT." Blood samples obtained by tail incision
exhibited greater hemolysis of erythrocytes than did jugular
vein collection, although the differences in hemolysis were
macroscopically unremarkable. Furthermore, hematocrit values
and levels of plasma thrombin-antithrombin complexes were
higher in samples collected from the lateral tail vein than the
jugular vein, indicating that jugular vein bleeding causes less
coagulation than does incision of the tail. Therefore, our results
suggest that blood samples from the jugular vein are higher-
quality than those from tail incision.

(C) AUC. Data represent the mean + 1 SD (1 = 3 in

max”

In regard to the health and welfare of the animals are taken
into account, it is important to minimize the tissue damage
incurred through repeated blood collection. The mice that un-
derwent jugular vein puncture tolerated serial blood collection
well and had only small hematomas and slight tissue damage
at the injection site. For tail vein incision, although an incision
wound was observed in all animals, the wound did not ap-
pear to produce tissue damage that affected animal wellbeing.
Therefore, serial blood collection by both methods was well-
tolerated. CRPis an acute-phase protein that is elevated in blood
during inflammation-associated tissue injury.!#?2% For example,
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Figure 5. Effect of exendin 4 on plasma glucose levels in mice. Exendin
4 (5 ug/kg) was administered intraperitoneally 30 min before glucose
administration; oral glucose tolerance testing was performed by ad-
ministering glucose (2 g/kg) to C57BL/6N mice and collecting blood
at 0, 15, 30, 60, and 120 min after glucose loading. Data represent the
mean + 1 SD (n = 4 in each group). A significant (}, P < 0.001 [repeated-
measures ANOVAY]) differences between vehicle-treated and exendin-
4-treated groups is indicated.

CRP increases approximately 20-fold in mouse serum due to
exposure to endotoxin.?’ However, CRP increases only slightly
during the acute-phase response.??° Samples from the jugular
vein had no changes on CRP across the 5 d of blood collection,
whereas blood collection by tail incision resulted in slight but
significant increases in CRP concentration. Therefore, our data
indicate that jugular venipuncture may induce less inflamma-
tory tissue injury than does tail incision.

The stress induced by blood collection may be more con-
spicuous when the experimental design requires serial sample
collection or when scientific concerns preclude the use of anes-
thetic agents. In addition, mice subjected to physical restraint
may have different stress responses between 2 restraint proce-
dures. We therefore measured plasma corticosterone as a key
indicator of stress. Because basal corticosterone levels follow
circadian rhythms,*! a single technician collected blood samples
at the same time each day. Despite different restraint procedures,
corticosterone levels were similar between the mice that under-
went jugular venipuncture and those subjected to tail incision,
indicating that handling-associated stress was comparable be-
tween the 2 collection methods. These similar stress responses
may be, in part, due to the fact that the time required for blood
collection by either method is similar, as has been suggested
previously.!” Furthermore, corticosterone levels do not peak
when blood is obtained in less than 2 to 3 min and therefore may
not reflect full activation of the hypothalamic—pituitary axis.®
Given that the mean time of our blood sampling was within 1
min, the stress to the animals may be within acceptable levels,
although the actual peak corticosterone level for each sampling
method remains to be determined.

We then used jugular venipuncture of mice to obtain the
samples needed for a pharmacokinetic study and oral glucose
tolerance testing. Plasma concentrations of levofloxacin showed
dose proportionality in C___and AUC, at similar mean levels of

but smaller standard deviations to those previously obtained
from single samples from anesthetized mice (data not shown).
Exendin 4 enhances B-cell function, resulting in increased secre-
tion of insulin and subsequently decreased glucose levels.210
We confirmed that the overall glucose excursion during oral
glucose tolerance testing after jugular venipuncture is signifi-
cantly reduced in mice treated with exendin 4, which is similar
to previous reports demonstrating the effect of exendin 4 on oral
glucose tolerance testing performed by bleeding the tail vein
of mice.5>* These results indicate that jugular venipuncture is
potentially useful for examining time-dependent changes in
blood variables, such as pharmacokinetic studies and glucose
tolerance testing.

In conclusion, we found that the blood collection from the
jugular vein of mice is a useful method that met the following
inclusion criteria: no requirement for anesthetics, accommo-
dation of serial blood collection, acquisition of large-volume
samples of high quality, and the preservation of the health and
wellbeing of animals. In light of our current observations, we
consider thatjugular venipuncture will contribute to the refine-
ment of experimental technique.
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