
BioMed CentralBMC Clinical Pathology

ss

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Springer - Publisher Connector
Open AcceResearch article
Gender dimorphism in differential peripheral blood leukocyte 
counts in mice using cardiac, tail, foot, and saphenous vein puncture 
methods
Diana C Doeing, Jessica L Borowicz and Elahé T Crockett*

Address: Departments of Physiology and Surgery, College of Human Medicine, Michigan State University, East Lansing, MI, USA

Email: Diana C Doeing - doeingdi@pilot.msu.edu; Jessica L Borowicz - borowic3@msu.edu; Elahé T Crockett* - ecrocket@msu.edu

* Corresponding author    

micegender dimorphismblood collectioncardiac puncturetail veinSaphenousfoot veinleukocyte counts

Abstract
Background: In many animal models that investigate the pathology of various diseases, there is a
need to monitor leukocyte counts and differentials. However, various researchers use a range of
different techniques in male and female laboratory animals to collect such blood variable
information. These studies are then compared to one another without consideration of the
possibility that different bleeding sites or techniques as well as gender may produce varying results.
In light of this, the peripheral blood leukocyte counts and differentials of C57BL/6 male and female
mice were determined using four blood-sampling techniques: cardiac, tail, foot, and saphenous vein
punctures.

Methods: Blood smears were prepared and stained with Wright-stain for differential cell analysis.
The total number of peripheral blood leukocytes was determined with the aid of a hemocytometer.
Applying ANOVA and Student t-test analysis made comparisons between groups.

Results: The total leukocyte counts obtained using the cardiac puncture method were significantly
lower as compared to the other three blood sources; saphenous, tail and foot. There were no
significant differences between leukocyte counts of blood samples collected from the tail,
saphenous, and foot. Additionally, no significant differences were observed in total leukocyte
counts between male and female mice. Differential analysis showed lymphocytes as the
predominant cell type present in the peripheral blood of both male and female mice, comprising
75–90% of the total leukocytes. While no significant differences were observed between male and
female differential counts of blood collected from saphenous and tail veins, a significant difference
in differential counts of blood obtained via cardiac puncture was observed between the male and
female groups, suggesting the role of sex hormones. Further, of the four methods, cardiac puncture
appeared to be the fastest and more reliable technique, yielding the maximum blood volume with
the least amount of stress being exerted on the sampling site.

Conclusions: This information suggests that in studies concerning leukocyte counts and
differentials, the animal gender and the sampling site of blood collection should be kept consistent
as to avoid introducing any misleading experimental variation, and that cardiac puncture is the best
method of blood collection in mice.

Published: 12 September 2003

BMC Clinical Pathology 2003, 3:3

Received: 07 May 2003
Accepted: 12 September 2003

This article is available from: http://www.biomedcentral.com/1472-6890/3/3

© 2003 Doeing et al; licensee BioMed Central Ltd. This is an Open Access article: verbatim copying and redistribution of this article are permitted in all 
media for any purpose, provided this notice is preserved along with the article's original URL.
Page 1 of 6
(page number not for citation purposes)

https://core.ac.uk/display/81724097?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12971830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1186/1472-6890-3-3
http://www.biomedcentral.com/1472-6890/3/3
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/about/charter/


BMC Clinical Pathology 2003, 3 http://www.biomedcentral.com/1472-6890/3/3
Background
Many studies that explore the pathology of various dis-
eases plaguing both veterinary and human medicine uti-
lize animal models. In using these models, leukocyte
count and differential information is often monitored,
since this data can be a useful marker in evaluating the
effectiveness or outcome of certain treatments. However,
the source of such blood variable information is often not
consistent. Investigators utilize different techniques and
genders within the same study. For example, blood may
be collected from a puncture in the animal's tail vein
throughout the duration of the study, but if the chest cav-
ity is open at the end of the study to collect other tissue
samples, the final blood sample is collected from the
heart. This practice is not uncommon and can be found in
many types of studies using animal models. When differ-
ent techniques are used in a single study, though, it intro-
duces a means for error. Previous studies in rats have
shown significant differences in plasma and blood varia-
bles when different methods of bleeding were applied [1–
3]. For example, significant differences between the levels
of some hematological parameters (i.e., pCO2, pO2, pH,
and K+) in blood samples collected by orbital venous
plexus and saphenous punctures have been reported [3].
In contrast, in a study using blood samples from the
orbital plexus and the venous sublingualis, no significant
differences were observed in the serum chemistry values
in rats [1]. Further, significant differences between the
concentrations of leukocytes in blood samples collected
from the heart and eye have been reported in rodents [4–
8]. These studies clearly suggest that the source of blood
sampling is an important factor effecting the hematologi-
cal and plasma variables outcomes. Further, studies indi-
cate that sex steroid hormones have important regulatory
functions in circulating leukocytes [9–11]. While the use
of mice as laboratory animals has significantly increased
no study has examined the effect of blood sampling and
gender in mice. Thus, the goal of this study was to investi-
gate different methods of blood drawing with respect to
leukocyte counts and differential data in male and female
mice. To accomplish this, blood samples were collected
from C57BL/6 male and female mice using the techniques
of cardiac puncture and venous puncture of the tail, foot,
and saphenous.

Methods
Preparation of Animals
Male and female C57BL/6 mice (Charles River Laborato-
ries, Portage, MI) ranging from ages eight to ten-weeks-old
were allowed to acclimate in the animal housing area for
about one week before experimentation. During this accli-
mation period, animals were fed a standard diet and
allowed unlimited access to food and water. All mice
received humane care in accordance with the Guide for
the Care and Use of Laboratory Animals (National Insti-

tutes of Health Publication No. 85–23, revised 1985).
Aspects of each individual procedure regarding sample
size collected, manipulation, and blood flow quality were
documented. All the procedures were carried on under
standard laboratory conditions at room temperature,
22°C. Blood samples were collected from four sampling
sites, tail, foot, lateral tarsal (saphenous), and heart, in
succession from anesthetized mice. The collection of
blood samples from all the sampling sites on each animal
was carried on in less than seven minutes by assistance of
two technicians, and the blood samples were processed
for analysis immediately after blood was collected.

Anesthesia
All animals were lightly anesthetized with inhaled meth-
oxyflurane (Baxter Caribe, Inc., Guayama, PR) to simply
immobilize the animal. In this study because blood was
drawn in succession from four different sampling sites,
and since the cardiac puncture should always be carried
out under general anesthesia, all animals were under
anesthesia. However, blood can be collected from tail,
foot, or saphenous vein of an un-anesthetized mouse by
restraining the animal. The selection of this anesthesia
was based on its routine application in our laboratory and
extensive previous application in many published
research reports. Although current application of this
anesthesia is limited in the Unite States, it is widely used
in many other countries.

Tail Vein Draw
The anesthetized mouse was positioned in a ventral posi-
tion so that a dorsal lateral vein could be located. The side
of the mouse's tail from which the sample was actually
drawn varied depending on the quality of vein appearance
through the skin. The tail was gently washed using a piece
of gauze and warm water in order to clean the skin and
enhance blood flow. Once a vein was selected, a thin layer
of petroleum jelly was applied to the skin over the vein
topically using a cotton swab, which made the vein more
visible as well as prevented the dispersion of the blood
over the skin. A 25-gauge hypodermic needle (Becton
Dickinson and Co., Franklin Lakes, NJ) was used to make
the puncture, at approximately 1/3 of the length of the tail
from the tail base. The needle was immediately removed
and 40 ul of blood was collected using a Microvette® col-
lection capillary tube lined with heparin (model CB
300LH, Sarstedt Inc., Newton, NC). In some cases, the tail
was gently massaged to enhance blood flow when
necessary.

Foot Vein Draw
Following completion of blood drawing from the tail
vein, the foot was prepared for a similar procedure. A tech-
nique similar to that used for conscious mice was applied
by placing the head and trunk in an in-house-made con-
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tainer, composed of a 50 ml plastic centrifuge tube with
holes for ventilation, leaving the hind legs free. One leg
was extended out and held between the forefinger and
third finger of the technician. The dorsum of the foot was
rubbed gently in order to locate a quality vein and facili-
tate blood flow. Petroleum jelly was then spread on the
skin over the vein using a cotton swab. The vein was punc-
tured with a 25-gauge hypodermic needle and 40 ul of
blood collected with a CB 300LH Microvette® collection
capillary tube. The mice were under light anesthesia dur-
ing the procedure.

Saphenous Vein Draw
This procedure followed the completion of blood drawing
from the foot. The opposite hind leg of the mouse was
used. Hair located on the mouse's hind leg over the lateral
saphenous vein was shaved using a pet trimmer (Wahl
Clipper Corp., Sterling, IL). The lateral saphenous vein
was raised by compression of the leg skin with the thumb
and forefinger. Once again, petroleum jelly was applied to
the skin over the vein and the lateral saphenous vein was
punctured using a 25-gauge needle. The needle was
removed immediately and 40 ul of blood was collected
from the skin's surface with a CB 300LH Microvette®

blood collection capillary tube. The mice were under light
anesthesia during the procedure.

Cardiac Puncture
Cardiac puncture was performed following the saphenous
vein procedure while the mouse was under anesthesia
with inhaled methoxyflurane. The footpad of each animal
was pinched a few times to ensure that all physical sensa-
tion had been lost. A 3-CC syringe with 25-gauge needle
(Becton Dickinson and Co., Franklin Lakes, NJ) was pre-
coated with heparin lock flush solution (100 USP units/
ml, Abbot Laboratories, Chicago, IL). The mouse was
placed dorsally and the left chest wall was felt between the
thumb and forefinger as to locate the beating heart. The
needle of the syringe was lined up laterally above the chest
wall in order to estimate how far the needle would need
to be inserted into the chest to reach the heart. The needle
was then carefully inserted laterally into the chest cavity,
and slowly introduced into the cavity until the heart was
punctured and blood began to rush into the syringe. The
plunger of the needle was then gently aspirated as to col-
lect as much blood from each cardiac cycle as possible and
not collapse the heart. Using this technique, approxi-
mately 0.7 to 1.0 ml of blood was collected. Following the
cardiac puncture the animal was euthanized per protocol
approved by the Michigan State University Animal Use
and Care Committee.

Leukocyte Count and Differential
Immediately following blood collection, 5 ul of blood
was used to prepare blood smears, which were stained

with Wright-stain (LeukoStat, Fisher Scientific, Pittsburg,
PA) for differential cell counts. For the total leukocyte
count, blood was diluted with 3 % acetic acid in saline
solution as to lyse all the erythrocytes. Dilutions of 1:100
or 1:20 were prepared, and the Unopette® microcollection
system (Becton Dickinson and Co., Franklin Lakes, NJ)
was used to prepare the dilutions. All samples were mixed
using a Vortex prior to evaluating. Leukocytes were
counted using a Neubauer hemocytometer.

Statistics
All data were expressed as means ± standard error of the
mean. Comparisons between two methods of blood draw
were performed using an unpaired t-test by way of
StatView version 5.0.1 software© for Windows. Compari-
sons between multiple techniques of collecting blood
were also analyzed using a two-way ANOVA with subse-
quent Student-Newman-Keuls test. P ≤ 0.05 was consid-
ered significant.

Results and Discussion
In this study, significant differences were observed
between the total peripheral leukocyte counts of blood
samples collected via the cardiac puncture and the other
three methods applied in mice; tail vein, foot vein, and
saphenous vein punctures (Figure 1A). It was consistently
observed that leukocyte counts were lowest in blood col-
lected from the heart. The blood samples collected by car-

Peripheral blood leukocyte counts in male and female miceFigure 1
Peripheral blood leukocyte counts in male and 
female mice. Blood samples were collected into 
heparinized containers from male and female mice via car-
diac, tail vein, foot vein, and saphenous vein punctures. Data 
are expressed as mean ± SEM (x106/ml). * p < 0.05 as com-
pared to cardiac value within the same sex group. The 
number of mice per each group were; Tail = 14, Foot = 18, 
Cardiac = 17, and Saphenous = 8.

1

2

3

4

5

6

7

8

9

10

To
ta

l L
eu

ko
cy

te
 C

ou
nt

s 
(x

10
6 /m

l)

Ta
il

Fo
ot

Sa
ph

en
ou

s

C
ar

di
ac

*

*

*
A   MALEB   FEMALE

*

0

1

2

3

4

5

6

7

8

9

10

Ta
il

Sa
ph

en
ou

s

C
ar

di
ac

*

Page 3 of 6
(page number not for citation purposes)



BMC Clinical Pathology 2003, 3 http://www.biomedcentral.com/1472-6890/3/3
diac puncture had leukocyte counts of about 2–3 folds
less than those obtained by use of the other techniques,
i.e., tail, foot, and saphenous. There were no significant
differences in total leukocyte counts among the samples
taken from the tail, foot, and saphenous veins as com-
pared to each other. In addition, of the four methods
applied, cardiac puncture appeared to be the fastest tech-
nique, yielding the maximum blood volume with little
physical stress being applied to the site of blood sampling.
A fairly large volume of blood (i.e., 0.7 to 1 ml) can easily
be collected via a cardiac puncture, while a much smaller
volume (30 to 100 ul) is possible to be collect through the
tail, foot, or saphenous vein punctures with variable
degrees of difficulty. However, an advantage of blood
drawing from the foot, saphenous, or tail is that it can be
performed on a conscious mouse if application of a light
anesthetic is not an option. On the other hand, cardiac
puncture requires the use of anesthetics.

Experimental animals with different genders are applied
in various studies and gender dimorphism appears to play
a role in host response. Thus, it was of interest to examine
the effect of sampling sites on the level of blood leuko-
cytes found in female mice. Because there were no signif-
icant differences between blood samples collected from
the tail, foot and saphenous veins, only two of these tech-
niques, i.e. tail and saphenous, were applied along with
cardiac puncture in this part of the study. Similarly, the
results indicated that blood collected from the female
heart had the lowest leukocyte counts when compared to
blood collected from the tail and saphenous veins (Figure
1B). While there were no significant differences between
the total leukocyte counts of male and female blood sam-
ples, a significant difference in differential leukocyte
counts was observed between female and male blood
samples obtained by cardiac puncture. The percentage of
neutrophils in blood collected via cardiac puncture in
female mice was significantly lower than those in male
mice (Table 1). Additionally, when the absolute numbers
of neutrophils were calculated the difference was statisti-
cally significant between the neutrophil counts of blood

collected from the hearts of male and female mice (abso-
lute neutrophil counts: female: 0.196 ± 0.05 × 106/ml,
and male: 0.638 ± 0.136 × 106ml, p < 0.001). There were
no significant differences between blood samples of male
and female mice obtained from the tail vein or saphenous
vein. The data suggests that sex steroids have an effect on
the regulation of circulating leukocytes. It has been shown
that female steroid hormones, 17 beta-estradiol and pro-
gesterone, can modulate the expression of adhesion mol-
ecules on human peripheral blood leukocytes, thereby,
affecting their circulation and activation [11]. In women,
a consistent fall in neutrophil count at menstruation has
been shown [12]. The fall in neutrophil counts may be
related to infiltration of neutrophils into the uterus as has
been demonstrated in mice treated with estradiol [13].
Further, the extensive experience of our laboratory (un-
published data) of working with human blood leukocytes
as well as published studies [14], indicate a great variation
in the concentrations and cellular responses of white
blood cells of healthy adult female individuals, which cor-
relate to various phases of the menstrual cycle. Other pub-
lished studies in animals have also indicated the influence
of the reproductive state (i.e., estrous cycle) on neutrophil
concentrations and functions [10]. It must be noted that
in our study presented here, the phases of the estrus cycle
were not identified. Further study is required to evaluate
the role of sex hormones and cyclic changes on the con-
centrations of peripheral blood cells. The data presented
in this study and the previously published studies collec-
tively suggest the effect of sex steroids on circulating leu-
kocytes, which should be considered in experimental
design and interpretation of data.

Despite the significant differences presented between the
neutrophil counts of blood samples drawn from the
hearts of female and male mice, no significant difference
was present when blood samples were drawn from tail
and saphenous veins. One potential explanation may be
due to the influence of the sampling techniques. In blood
samples taken from the tail and saphenous, local physical
stress may have caused the release of marginating leuko-

Table 1: Peripheral blood leukocyte differential counts in male and female mice. Blood samples were collected into heparinized 
containers from male and female mice via cardiac, tail, and saphenous punctures. Blood smears were prepared and stained with the 
Wright stain. Leukocyte differential counts were determined by using a 40× objective lens of a light microscope. The monocyte counts 
were 2 ± 1 and are not shown on the table. Data expressed as mean ± SEM. * p ≤ 0.05 as comparison made between male and female. 
n represents the number of mice.

Mouse sex Male Female Male Female
Blood source % Neutrophils % Lymphocytes

Cardiac * 24 ± 3 (n = 11) 8 ± 1 (n = 10) * 74 ± 3 (n = 11) 91 ± 1 (n = 10)
Saphenous 15 ± 3 (n = 5) 11 ± 1 (n = 10) 84 ± 4 (n = 5) 88 ± 1 (n = 10)
Tail 13 ± 2 (n = 11) 12 ± 1 (n = 10) 86 ± 2 (n = 11) 88 ± 1 (n = 10)
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cytes into circulation, falsely changing the leukocyte con-
centrations of the circulating blood. However, such local
manipulation was not introduced during the cardiac
puncture. Therefore, the effect of female steroid hormones
on circulating leukocytes can easily be appreciated in
blood drawn from the heart and not of the samples col-
lected from the tail and saphenous veins. Some investiga-
tors have speculated that differences in vessel diameter
and flow dynamics account for the leukocyte counts
obtained at various sampling sites. No striking variation
in vessel diameter was observed between the male and
female mice used in our study. Although the existence of
flow dynamic variability between male and female mice
was not examined in this study, the male and female mice
appeared to exhibit similar heart beats. However, the var-
iability in vessel diameter could be a factor contributing to
the differences that existed between blood leukocyte
counts collected from the heart, tail, foot, and saphenous.

The results of our study of mice are in accord with the
results of similar studies involving other rodents [6–8,15].
A marked decrease in leukocyte counts has been reported
in samples taken from the heart versus the tail of rats
[4,14]. Additionally, Nemzek et al. have shown signifi-
cantly lower leukocyte counts in blood collected from the
mouse heart when compared to those of the tail and
orbital sinus [7]. However, the leukocyte counts of the
mice blood in our study (tail: 8.4 ± 0.9 × 106/ml, heart:
2.7 ± 0.5 × 106/ml) were lower than those of Nemzek et
al. (tail: 16 ± 2 × 106/ml, heart: 4 ± 1 × 106/ml). The dif-
ferences may due to the differences in sampling tech-
niques. Nemzek et al. clipped the tail and did a
laparotomy to expose the heart for blood sampling. In our
study, the tail vein was punctured with a 25-guage needle
and blood was collected into a heparin-coated capillary
tube. Further, blood was drawn from the heart without
the animal being subjected to any surgical procedure for
laparotomy. In the Nemzek et al. study, the trauma
induced by clipping the tail and the surgical laparotomy
might have triggered signals to release the marginated leu-
kocytes into circulation, and thereby reflecting the higher
number of leukocyte counts. Another reason may due to
the procedure used in blood analysis, in which Nemzek et
al used an automated hematology system cell counter
while in our study the cell counts were performed manu-
ally using a hemocytometer. Furthermore, different anes-
thetics were used in our study (i.e., methoxyflurane) than
those of Nemzek et al. (i.e., ketamine, and xylazine). Stud-
ies have shown that the type of anesthetics may have an
effect on leukocyte counts [4,15,16]. However, the data
presented in this study as well as our un-published data
from un-anesthetized mice have shown no significant
effect of the anesthesia on leukocyte counts of blood col-
lected from the tail, foot and saphenous veins. We have
not drawn any blood from the hearts of un-anesthetized

mice. Therefore, one must note that the relative counts
may change if different anesthetics are applied. Our study
supports the previous reports and adds new information
regarding blood parameters collected via the saphenous
vein and cardiac puncture without opening the animal.

The reason(s) for the differences observed in the leukocyte
counts collected from different sampling sites is not
clearly understood. One reason may be attributed to the
immunological demands of the host at various sites [14].
Another theory is that the vascular resistance and blood
stasis created by the larger surface area in the capillary bed
may be responsible for the higher leukocyte counts from
peripheral sites [5]. Further, it is possible that stress-
induced procedures at blood sampling sites may cause
changes in the number of leukocytes. For example, there
is a great deal of manipulation involved in locating the
saphenous, foot, and tail veins for drawing. The areas are
rubbed and massaged, while pressure is applied in order
to find a good visible vein beneath the skin. On the other
hand, this type of manipulation is absent in the cardiac
puncture method. In fact, in our experience, the cardiac
technique was the easiest of all the techniques to perform.
The puncture was made quickly and efficiently, and the
blood flowed easily from the beating heart into the
syringe. However, further manipulation was often needed
after a puncture was made in the other techniques to pre-
vent coagulation and facilitate further flow of blood.
Drawing from the saphenous vein was the next best sam-
pling site when compared to the tail and foot veins. This
may be attributed to the larger size of the blood vessel,
which facilitated a better blood flow with less physical
manipulation applied to the site. Additionally, physical
manipulation induced by rubbing and/or local warming
by exposing the animal to 37°C for a few minutes, causes
vasodilatation, which promote bleeding [16]. Further,
mechanical stimulation induced by rubbing the area
causes local release of mediators resulting in the release of
leukocytes from the marginal pool into the blood stream,
effecting the increase in leukocyte counts. One might
argue that the removal of blood via multiple sampling of
the tail, foot, and saphenous veins have affected the leu-
kocyte counts of the blood drawn from the heart at the
end of the blood sampling. We don't believe this is a sig-
nificant factor in our studies for the following reasons. We
have observed no significant differences between leuko-
cyte counts of blood collected from mice that have only
been subjected to cardiac puncture (data not shown in
this report) and those that have been subjected to multi-
ple blood draws as shown in this study. Additionally, a
study has shown that changing the order of blood sam-
pling did not alter the results of leukocyte counts in mice
[7]. Further, studies have shown that removal of blood
beyond 15% can affect some of the hematological param-
eters such as mean corpuscular volume and red cell counts
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[16]. In our study, a total of 120 ul of blood were drawn
via tail, foot, and saphenous vein punctures, which is less
than 10% of total blood volume of the mouse (a mouse
of 25 g body weight has about 1.8 ml blood volume) [16].

In summary, while it is recognized that the cardiac punc-
ture technique is not always practical and cannot be used
in ongoing studies, one should at least be aware of the dif-
ferences in blood variables as a result of sampling tech-
nique and gender dimorphisms. Accordingly,
investigators should choose the gender and method of
blood draw that best fits their needs regarding anesthetic
availability, sample volume, and frequency of sample col-
lection, to be used consistently throughout the study. In
addition, one should take these differences into account
when comparing studies that have employed varying
methods of blood collection and genders.
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