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Abstract: Preclinical studies on pharmacokinetics in animals usually require at least 3-5 animals per time point. The use
of several animals in each time point may increase the result variation due to individual dosing errors and inter- and intra-
individual variation among animals. Moreover, a large number of animals has to be euthanized in these experiments.

In the present paper, the pharmacokinetics of the anticancer drug, cyclophosphamide was investigated using serial bleed-
ing from the tail vein and compared with the kinetics obtained from traditional retro-orbital sinus bleeding in mice. Cy-
clophosphamide (100 mg/kg) was administered intraperitoneally to two groups of mice. Blood samples were collected at
0,0.25,0.5,1,2,3,4, 5 and 6 hr. In the first group (n=6), 20 uL blood samples were collected from the tail-vein by serial
bleeding. In the second group, 3 animals were killed at each time point and blood was collected from both tail vein and
retro-orbital sinus. Cyclophosphamide analysis in whole blood was carried out using LC-MS/MS with on-line sample
preparation utilizing microextraction by packed sorbent (MEPS). Pharmacokinetics including AUC, ty,y, Ciax and half —
life were estimated using WinNonLin.

Cyclophosphamide concentrations in blood obtained after sampling through tail vein were close to those obtained after
retro-orbital bleeding within the same animal. No significant differences in estimated pharmacokinetic parameters were
found when serial tail vein bleeding was compared to retro-orbital bleeding.

Our results indicate that serial sampling using tail vein in mice can be a good alternative to retro-orbital sampling method.
The method is reliable, easy and can be used for early preclinical kinetic studies. However, more studies are needed to

evaluate different drug categories.
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INTRODUCTION

Pharmacokinetic, pharmacodynamic and recently phar-
macogenetic studies in preclinical stage of drug development
are important issues that have been discussed over the years.
Investigation of the pharmacokinetic parameters requires
blood sampling at several time points over the appropriate
time period [1, 2]. Thus, proper blood-collection procedures
are critical for further drug development.

Mice and rats are frequently used in early pharmacoki-
netic studies. Mice have been one of the species of choice in
toxicological evaluations due to low cost, minimal holding
space, relatively short life span [2, 3], and lately because of
the fact that mouse genome has been explored.

Unfortunately, there are no recommended standardized
methods for blood sampling in animals that can be adapted
by medical and/or pharmaceutical research [4, 5]. Methods
used today for blood sampling for pharmacokinetic studies
vary depending on the animal species, frequency of blood
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collection, required blood volumes, researchers experience
with blood collection and the nature of experiment [6].

Pharmacokinetic investigations require several samples at
different time points and relatively large blood volumes for
analysis [7]. Thus, in pharmacokinetic studies in mouse or
rat a large number of animals are needed. However, using
several animals at each time point may lead to high variation
in the data and interpretation difficulties due to inter-
individual variation as expressed as differences in the ex-
pression of drug metabolism enzymes and genetic polymor-
phism [8-10].

Retro-orbital sinus bleeding technique is one of the most
commonly used sampling methods for pharmacokinetic and
toxicokinetic studies in mice. The method is invasive and
requires appropriate anesthesia, monitoring and often veteri-
nary assistance due to complications [11]. Moreover, it is
becoming more difficult to obtain the ethical approval for
retro-orbital bleeding. Nevertheless, the method can result in
high volume of blood, but the number of samples taken from
one animal is limited. As a result, several animals are needed
for blood-collection to complete a pharmacokinetic concen-
tration- time curve [12].

2007 Bentham Science Publishers Ltd.
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Different techniques have been employed to lesser extent
to investigate the pharmaco- or toxokinetics such as mi-
crodialysis, cardiac puncture and mice -tail sectioning (tail
clip). Some investigators have reported the use of the jugular
and saphenous vein puncture methods. These techniques
require shaving the ventral neck and upper thorax or the tar-
sal joint area that has to be carried out by well trained and
experienced personal to assure successful serial blood sam-
pling and minimize the infection risk for the animal [13].

Another used method is the tail-artery or -vein bleeding
technique that does not require either anesthesia or prepara-
tion of the animal. In this method an incision at the end of a
mouse or rat-tail is done followed by a gentle pressure along
the tail from the tail bottom towards the tail top and the
blood collected into a tube. The procedure is easy to perform
and allows serial collection of several samples at different
time points from the same animal [11, 14, 15]. However, this
method is not widely used and is mostly applied in rats. This
is due to the fact that the bioanalytical methods usually re-
quire large sample volumes. During the past years new ap-
plications of the liquid chromatography in combination with
mass spectrometry (LC/MS) have stimulated development of
more sensitive analysis of candidate drugs in small volumes
(UL scale) and at low concentrations (pg range) with high
precision and accuracy [15, 16].

Several studies have been reported aiming to optimize
blood sampling in a rapid and reproducible manner without
affecting the kinetic profiles of the compound studied or
disrupting physiological processes in the animal [15, 17-20].
However, there are only few studies on the effect of different
blood sampling techniques on pharmacokinetic parameters
of compounds in mice.

In the present study we compared the effect of two dif-
ferent blood sampling techniques on estimated pharmacoki-
netic parameters in MRI male mice. We have used antican-
cer drug cyclophosphamide that is a polar substance and has
a low distribution volume. Serial tail vein bleeding using one
mouse per concentration-time curve was compared to retro-
orbital bleeding using several animals per time point. We
also assessed if nature of the samples, i.e. whole blood or
plasma may affect the concentration-time curve of cyclo-
phosphamide.

2. MATERIALS AND METHODS
2.1. Materials

Cyclophosphamide was purchased from Sigma Chemical
Company (St. Louis, MO, USA). Lidocaine-d3 was used as
internal standard and obtained from AstraZeneca (Sodertilje,
Sweden). Acetonitrile, methanol, formic acid and ammo-
nium hydroxide were obtained from Merck (Darmstadt,
Germany). All chemicals were of HPLC analytical grade.

2.2. Animals

All animal experiments were approved by the regional
ethics committee for animal research in accordance with the
Animal Protection Act, the Animal Protection Regulation
and the Regulation of the Swedish National Board for Labo-
ratory Animals.

MRI male mice were purchased from B&K Universal
(Sweden). All experiments were carried out on animals of

The Open Pharmacology Journal, 2007, Volume 1 31

10-12 weeks old with weight 30-40 g. Mice were allowed to
acclimatize for their surrounding for one week prior to the
start of experiments. The animals were kept in fully acclima-
tized room at constant temperature and humidity on a 12
hours light/dark cycle and were fed standard pellet and water
ad libitum.

2.3. Experimental Design

Mice were divided in two groups. Both groups were ad-
ministered cyclophosphamide intraperitoneally at a dose of
100 mg/kg, but differed in blood sampling technique. Blood
samples were collected at 0, 0.25, 0.5, 1, 2, 3, 4, 5 and 6
hours. Group A consisted of six mice and the blood samples
were collected serially from the tail vein. Briefly, mice were
placed in a restrainer and the tail was swabbed with alcohol.
Because of the relatively long time intervals between sam-
pling time points, the animals were not maintained in re-
strainer. With a sharp surgical blade, an incision over the tail
vein located approximately 1-2 cm from the tip was made.
The tail was slightly “milked” by applying even pressure
from the base to the end and about 20uL of blood was col-
lected using micro-syringe (100uL insulin syringe) contain-
ing 80uL (0.5M EDTA). A new incision was made for each
time point starting from the tail end towards the tail base.
This procedure followed to eliminate the effect of coagula-
tion cascade on the sampling procedure. After blood-
collection procedure, direct pressure was applied on the inci-
sion site with a clean cotton swab for about 10 s to stop the
bleeding and allow for the blood to clot. Subsequent samples
were collected at time points mentioned above.

In group B, three animals were used per each time point
and blood samples were collected simultaneously from retro-
orbital sinus and tail vein at time points described above. For
blood sampling, animals were anesthetized using isoflurane
and blood was collected by the traditional retro-orbital bleed-
ing in EDTA vacutainer tubes. Prior to retro-orbital sam-
pling, blood samples were collected from the tail vein using
the same technique as for serial bleeding (20 pL + 80 pL
EDTA). Each blood sample collected through retro-orbital
method was divided into two parts for the analysis of cyclo-
phosphamide concentrations in whole blood and in plasma.
One part was diluted 1:4 with EDTA (0.5M) for assay in
whole blood, while the other part was centrifuged at 3000 g
for 5 min at 4°C, plasma was separated and stored at -20°C
until assay.

2.4. Microextraction by Packed Sorbent (MEPS) for LC-
MS/MS

Blood and/or plasma was obtained from control animals
and the standard calibration curve was prepared within the
concentration range 0.5-150 pg/mL (0.5, 0.75, 5.0, 7.5, 10.0,
25.0, 50.0, 100.0, and 150.0 pg/mL). Quality control (QC)
samples concentrations were 15, 80 and 120 pg/mL. Cyclo-
phosphamide was determined in mice blood using microex-
traction by packed sorbent as online sample preparation with
liquid chromatography in combination with mass spectrome-
try (LC-MS/MS). Blood samples were diluted 1:25 by water
and extracted using MEPS in two steps. The first step in-
cluded the conditioning of the MEPS sorbent manually using
50 uL methanol followed by 50 puL of water.
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In the second step, the MEPS syringe was connected to
the autosampler and the spiked plasma or blood sample (25
pL) was withdrawn into the syringe by the autosampler. The
sorbent was then washed once with 100 pL of wa-
ter/methanol 95:5 (v/v) to remove proteins and other inter-
ferences. The analytes were then eluted by 40 puL metha-
nol/water 95:5 (v/v) directly into the liquid chromatography
(LC) injector. A gradient LC was used and the analysis was
carried out on a Zorbax (50 x 2.1 mm, SB-C8, 3.5 pm) col-
umn was obtained from Agilent (CA, USA) with a flow rate
of 150 puL/min. Mobile phase A was 0.1% formic acid in
water and acetonitril 90:10 (v/v) and mobile phase B con-
tained 0.1% formic acid in water and acetonitril 20:80 (v/v).
The gradient started from 1.0% of phase B up to 50% from 1
to 4 min and then from 4 to 6 min to 90% of phase B and at
6.5 min, phase B was set at 1.0% again. The flow rate was
150 puL/min and sample volume was 40 pL. The sorbent was
cleaned using 4x250 pL elution solution followed by 4x250
UL of the washing solution between every extraction. The
cleaning step was not only to decrease the memory effects,
but also functioned as conditioning step before the next ex-
traction. All experi-ments were conducted using a triple
quadrupole mass spectrometric instrument Micromass Ul-
tima (Waters Corpo-ration, Manchester, UK) equipped with
a Z-electrospray interface operated in positive ion mode. The
scan mode was multiple reaction monitoring (MRM) using
precursor ion at (M+1) m/z (m/z: 261 and 237.9) and after
collisional dissociation the product ions 140 and 86 were
used for quantification of cyclophosphamide and the internal
standard (lidocaine-d3).

2.5. LC-MS/MS Condition

The ESI mass spectrometer was operated in the positive
ion mode with a capillary voltage at 3.1 kV, nitrogen was
used as both cone gas and desolvation gas at flow rate of 400
and 20 L/h, respectively. The source and the desolvation
temperature were set at 150 and 300 C°, respectively. The
cone voltage was optimized to 27 V. The scan mode was
multiple reaction monitoring (MRM) using precursor ion at
(M+1) m/z (m/z: 261 and 237.9) and after collisional disso-
ciation the product ions 140 and 154 were used for quantifi-
cation of cyclophosphamide and its internal standard.

2.6. The Pharmacokinetic Analysis

Pharmacokinetic analysis of cyclophosphamide concen-
tration—time data in blood or plasma and estimation of the
pharmacokinetic parameters (AUC, distribution volume,
terminal half life, the maximum concentration and clearance)
were performed using Gauss—Newton (Levenberg-Hartly)
criteria and were fitted to one compartment open model. The
pharmacokinetic modeling was performed using WinNonlin,
Version 5.2 (Pharsight, Mountain View, CA, USA). The
estimated kinetic parameters were compared between the
different sampling groups and analyzed statistically using
Mann-Whitney test. A p-value of < 0.05 was considered to
be significant.

3. RESULTS

The analytical method using LC-MS/MS was sensitive
and robust. The standard curve was linear within the range
0.5-150 pg/mL (r*> 0.99; n=3). The inter- and intra- day
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variation was 9 and 11%, respectively. No difference be-
tween recovery from plasma or blood was observed.

After the intraperitoneal administration of cyclophos-
phamide, blood concentrations were fitted to one compart-
ment open model in both groups. Blood concentration-time
curves for cyclophosphamide obtained after serial bleeding
from tail vein and after the conventional retro-orbital bleed-
ing are presented in Fig. (1A,B), resp.

Pharmacokinetic parameters (AUC, t;5, Chax, Cl, Vss)
are summarized in Table 1. The pharmacokinetic parameters
are calculated based on whole blood analysis obtained after
serial bleeding from the tail-vein in group A and the whole
blood and plasma analysis after retro-orbital bleeding or tail-
vein sampling (group B) following intraperitoneal admini-
stration of cyclophosphamide. The AUC estimated from
whole blood concentration-time curve after serial bleeding
(68.9 pg.hr/mL) was not significantly different from that
obtained after retro-orbital bleeding (61.3 pg.hr/mL). No
significant differences in AUCs in group B were observed
when whole blood obtained from retro-orbital sinus, whole
blood from tail vein and plasma obtained from retro-orbital
sinus were compared (61.3, 56.6 and 68.5 pg.hr/mL, respec-
tively).

The terminal elimination half-life values (#,) after in-
traperitoneal administration of cyclophosphamide and using
different bleeding techniques were within the range 0.49-
0.52 hr. No significant differences were observed when dif-
ferent sampling techniques or analysis of whole blood and
plasma were compared.

The maximum concentration (C..) was about 109
pg/mL after serial bleeding showing tendency (p=0.09) to be
higher than that seen after retro-orbital bleeding. However,
the Cyux found from tail vein sampling in group B was about
79 ung/mL. No differences were observed in Cmax using
plasma or whole blood.

The distribution volumes of cyclophosphamide following
intraperitoneal administration of cyclophosphamide were not
statistically different comparing the results from whole blood
obtained by two bleeding methods in group A and B (44 and
60 mL, respectively). Neither the distribution volumes ob-
tained from plasma samples using retro-orbital bleeding or
whole blood in tail.vein in group B were significantly differ-
ent (51 mL and 65 mL, respectively).

The clearance values varied from 63 mL /hr in group A
to 80 mL/hr in group B. The results are presented in Fig. (2)
and no significant differences between clearances obtained
after different bleeding techniques were observed.

4. DISCUSSION

The development of new chemical entities especially
aiming the treatment of cancer has been reviewed world
wide. In a recent publication by Tomaszewski [21], the
American medical authorities outline an appropriate animal
models for preclinical studies of pharmacology and toxicol-
ogy including the maximum tolerated dose, dose limiting
toxicity, safe starting dose and the reversibility of adverse
effects was reviewed.

Blood collection methods have been thoroughly dis-
cussed. Blood collection techniques vary within and among
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Fig. (1). Time versus concentration curve (A) obtained after the administration of cyclophosphamide (100mg/kg). (A) After serial bleeding
from the tail vein in 6 mice, (B) obtained by orbital bleeding 3 mice in each time point. The solid line is the theoretical one compartment
open model, (0) in 1A represent the mean of 6 mice for the experimental data £SD and () in 1 B represent the mean of 3 mice per time point

for the experimental data £SD.

species. Blood sampling using tail vein, jugular vein, saphe-
nous vein and retro-orbital sinus are the most common
bleeding sites. Mostly, these are invasive methods that can
cause stress and may disturb the physiological status of the
animal. Vachon et al. reported that repeated sampling from
jugular vein in rat caused an increase in corticosterone levels
[22] and Tabata et al. have reported an increase in blood
glucose levels when blood samples were taken from mice
tail by sectioning [23]. The validity of blood samples col-
lected by the tail bleeding method has been questioned be-
cause of animal trauma, tail edema, and sample collection
near the site of intravenous dosing. Therefore, retro-orbital

sinus sampling technique is frequently chosen for blood col-
lection in mice. However, this method does not allow the
collection of several blood samples from the same animal.
Moreover, it may cause several problems including damage
for the optic nerve, ulceration and infection leading to ocular
inflammation.

In the present study, we have compared serial tail bleed-
ing using one mouse for the whole concentration-time curve
with retro-orbital sampling using several mice per each time
point. Moreover, we have compared the blood concentra-
tions of a drug obtained using retro-orbital and tail vein sam-
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Table 1. Pharmacokinetic Parameters of Cyclophosphamide Calculated in Both Plasma and Blood After Different Samplings Pro-
cedures
Group A Group B
Serial Bleeding Several Animals Per Time Point
Tail Vein Retro-Orbital Sinus Tail Vein Retro-Orbital Sinus
Whole Blood Whole Blood Whole Blood Plasma
PK parameters Mean + SD Mean + SD Mean + SD Mean + SD
AUC (pg/ml. hr) 68.9+10.5 61.3+9.8 56.6+13.8 68.5+12.6
Cmax (png/mL) 108.8 +18.2 81.3+£11.2 78.7+24.6 97.4+19.2
tVa (hr) 0.45 +0.08 0.52 £0.05 0.51+0.08 0.49 +0.07
Cl (mL/hr) 63+6 80+9 88+ 18 72 +10
Vss (mL) 44+9 60+6 65+15 51+8

Elimination half life (#,,), area under the time-concentration curve (AUC), maximum reached concentration (Cy.x), clearance (CL) and distribution volume at the steady state (Vss).

pling from the same animal. For this study, we have chosen
cytostatic drug cyclophosphamide (CPA) because of its rela-
tively long half-life, less effect of blood glucose or corticos-
terone on its metabolism and because of the low distribution
volume of the drug. CPA is an alkylating agent and a pro-
drug undergoing a complicated process of metabolic activa-
tion and inactivation by cytochrome P450 enzymes, 4-
hydroxylation and N-dechloroethylation [24].

CL
150-

100

50+

Clearance (mL/hr)

v ? o Q

Fig. (2). Total body clearance (mL/hr) calculated after an IP injec-

tion of CPA (100mg/kg) and followed by different sampling meth-

ods.

A: Clearance obtained in whole blood that was collected from retro
orbital site (3 animals/each time point, group B).

B: Clearance obtained in plasma and blood was collected from
retro orbital site (3 animals/each time point, group B).

C: Clearance obtained in whole blood that was collected from tail
vein site (3 animals/each time point, group B).

D: Clearance obtained in whole blood that was collected from tail
vein by serial bleeding (6 animals/each time concentration
curve).

CPA is one of the most widely administered anticancer
agents that is used in the treatment of hematological malig-
nancies as well as solid tumors. CPA is also a potent immu-
nosuppressive agent that affects both T- and B-lymphocytes,
thus having effect on both humoral and cell-mediated immu-

nity [25]. The doses of cyclophosphamide used in clinic are
highly variable. As an immunosuppressive agent, CPA is
administered orally in low dose 2-6 mg/kg body weight. In
the treatment of neoplastic diseases a conventional intrave-
nous doses of 500-1000 mg/ m? are usually used with 3-4
week intervals. CPA is also used in stem cell transplantation
setting in high doses (4-7 g/mz) [26].

In the present investigation we demonstrated that the
pharmacokinetic parameters for cyclophosphamide obtained
after serial tail-vein bleeding technique using full concentra-
tion-time curve from one animal are in a good agreement
with those obtained after retro-orbital bleeding method using
several animals per time-point. This is an important issue
since CPA is one of the corner stones in cancer therapy and
is activated through the CYP450 enzyme system and re-
cently a number of pharmacogenetic studies have been re-
ported. CYP450 is known to be polymorphic which require
several animals at each time point to minimize the inter-
individual variation. Using serial bleeding technique in com-
bination with an appropriate analytical method may allow
researcher to achieve more reliable results with less varia-
tion.

A disadvantage of the tail-bleeding method may be that
some drugs may affect the body temperature and hence the
tail blood flow which in turn may affect the pharmacokinet-
ics. It has also to be considered the number of incisions that
has to be made on the tail. In our experiments we have cho-
sen to make a new incision for each time point to eliminate
the effect of the coagulation cascade on the pharmacokinetic
parameters. However, no effect on the kinetics of cyclophos-
phamide was observed in other serial bleeding experiments
where subsequent samples were obtained after reopening the
first incision (data not shown). Another consideration in
studies on metabolites with very short half-life is that the
tail-vein bleeding can take longer time (up to 60 s) compared
to that using a catheter or retro-orbital sinus blood (20 to
40 s).

In this paper we have shown that there is no significant
difference in CPA blood concentrations obtained after retro-
orbital sampling compared with those obtained after sam-
pling from tail vein from the same animal. Also estimated
pharmacokinetic parameters were comparable. Despite that
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further studies are warranted to investigate different drugs
with different physical and chemical properties. In a recent
study, Hui et al. demonstrated that blood sampling methods
in rats can affect the pharmacokinetic parameters depending
on the drugs studied [18].

Serial tail-bleeding allows less blood volume samples per
time point than does the major vein or retro-orbital bleeding
method. However, due to recent technological improvements
in sensitivity of bioanalytical methods such as normal phase
and improved reverse phase LC-MS/MS much less plasma
(0.01-0.05 mL) is needed to analyze the blood/plasma con-
centrations of compounds.

SUMMARY

Serial tail vein sampling requires lower number of ani-
mals for studies than other techniques requiring several ani-
mals in each time point. This allows for increased statistical
power within a study and is particularly useful for toxicoki-
netic investigations. Moreover, serial tail-bleeding is less
expensive as it requires only mouse restrainer during the
blood collection. In contrast to the retro-orbital method, the
tail-bleeding method allows the use of conscious mice and
thus, use of general anesthesia may be avoided, and thereby
the effect of anesthetic drug on metabolism of the studied
drug. Finally, tail-bleeding allows for optimal pharmacoki-
netic and pharmacodynamic (PK/PD) study designs with
parameters obtained within the same animal. In contrast,
retro-orbital bleeding method is invasive, and thus, disrup-
tion of pharmacological end-points limits their utility in
PK/PD evaluations. Serial tail vein bleeding is easy to handle
for researcher and with less stress for the animal, and allows
for collection of as many as eight samples from a single
mouse. One more important issue is that using the serial
bleeding technique most likely will be considered to be more
acceptable by the ethical authorities for animal welfare com-
pared to retro-orbital bleeding.
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