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The  goal  of  this  work  was  to obtain  full  pharmacokinetic  profiles  from  individual  mice  with  the use of
an  automated  blood  sampling  system  and  dried  blood  spot  (DBS)  technique.  AMG  517,  a potent  and
selective  vanilloid  receptor  (VR1)  antagonist,  was  dosed  to mice  (n = 3) intravenously  and  blood  samples
were  collected  using  the  automated  blood  sampling  system  with  the  “no  blood  waste”  method.  The
collected  blood  samples  were  a mixture  of  25 �L blood  and  50 �L  of  heparinized  saline  solution.  Two
15  �L aliquots  were  manually  spotted  onto  a  DBS  card  and  dried  at  room  temperature  for  at  least  2  h
before  being  stored  in zip  bags  with desiccant.  The  remaining  samples  (45  �L)  were  stored  at  −70 ◦C
until  analysis.  Both  the  DBS  and  the  whole  blood  samples  (diluted  with  saline  (1:2,  v/v))  were  extracted
and  analyzed  by  liquid  chromatography–tandem  mass  spectrometry.  The  overall  extraction  recovery  of
the  analyte  from  the  dried  blood  spots  was  determined  to  be  about  90%.  The  pharmacokinetic  parameters

calculated  using  the  whole  blood  or  the  DBS  concentration  data  were  comparable,  and  were  obtained
from  only  3  mice,  whereas  conventional  sampling  and  analysis  would  have  required  up to  27  mice  to
achieve  the  same  result.  The  analyte  was  shown  to be stable  in the  diluted  whole  blood  (blood:saline  1:2)
at room  temperature  for at least  4 h  and  in the  DBS  for at least  34  days  when  stored  at  room  temperature.
These  results  indicated  that  the  automated  blood  sampling  system  and  DBS  collection  are  promising
techniques  to  obtain  full  pharmacokinetic  profiles  from  individual  mice  and  reduce  the  use  of  animals.
. Introduction

Pharmacokinetic (PK) studies in mice can require sacrifice of one
nimal for each time point in order to collect enough plasma for
nalysis, thus resulting in use of a large number of animals. Addi-
ional variability in the PK data obtained can also result from such
tudy designs. An alternative approach is serial blood sampling in
ice, which has been reported [1,2] using manual blood collection

ia either tail or saphenous veins. Such manual processes can intro-
uce stress to the animals and affect pharmacokinetic results by
educing absorption or altering metabolism [3].  Automated blood
ampling systems such as the Culex® system [4] were designed to
acilitate pharmacokinetic and toxicokinetic studies by automating
he collection of blood from conscious and freely moving animals.

utomation also provides the ability to collect blood samples at

ime points when staff scheduling would be problematic.
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Plasma has commonly been used for determining drug concen-
tration in pharmacokinetic studies. This matrix requires a relatively
large volume (100–500 �L) of whole blood to obtain enough plasma
for analysis. The dried blood spot (DBS) technique [5–7] offers
the potential to use low blood sample volumes (15–25 �L) mak-
ing it particularly attractive for use in mouse studies where blood
volume is very limited, and supporting the overall objectives of
the 3Rs (reduce, refine and replace) [8] to decrease animal use.
Reported use of DBS sampling dates back to 1963 when it was
first used for the screening of neonatal metabolic disorders [9].
DBS has recently received considerable attention for use in the con-
text of therapeutic drug monitoring and pharmacokinetic studies
[10–17]. In addition to reduced sample volumes, DBS also offers
additional benefits including reduced biohazard risk and lowering
costs by simplifying sample storage and transport procedures. One
potential issue with DBS is that it effectively changes the matrix
used for bioanalysis from the plasma to whole blood. The phar-

macokinetic implications of using DBS have been discussed in two
recent publications [18,19],  concluding that DBS could be effec-
tively used for many compounds. In addition, regulatory guidance
indicates that whole blood is an acceptable biological matrix for the
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Fig. 1. Structures of (A) AMG  517 and (B) AMG  831664.

easurement of drug exposure in regulated preclinical and clinical
tudies [20,21].

In this study, we evaluated the use of the Culex® system and
BS technique with LC–MS/MS in obtaining full pharmacokinetic
rofiles from individual mice using AMG  517 (Fig. 1a) [22] as a
odel compound. The pharmacokinetic parameters obtained from
BS were compared with data from diluted whole blood samples

diluted with saline (1:2, v/v)). The animal sampling and bioanalyti-
al approaches were targeted to rapidly generate data for discovery
esearch, and consequently methods were not validated.

. Experimental

.1. Chemicals and materials

AMG  517 and AMG  831664 (Fig. 1b), an analog internal standard
IS), were synthesized at Amgen (Thousand Oaks, CA). Methanol,
cetonitrile, dimethyl sulfoxide (DMSO), formic acid and ammo-
ium formate were obtained from Sigma–Aldrich. Saline was
upplied by Hospira Inc. (Lake Forest, IL) and the sodium hep-
rin (10,000 U/mL) by APP Pharmaceuticals (Schaumburg, IL). The
odium heparin was diluted with saline to provide a heparin–saline
olution of 20 U/mL for the study. Fresh mouse whole blood
sodium heparin anticoagulant) was collected on the day of use
nd was supplied by the Department of Pharmacokinetics and Drug
etabolism at Amgen. DBS cards (FTA DMPK A card), punch mats

nd 6-mm punch tools were obtained from GE Healthcare (Piscat-
way, NJ).

.2. Calibration standards

Stock solutions of AMG  517 and AMG  831664 (1.0 mg/mL) were
repared in DMSO. Dilution of the stock solutions (1.0 mg/mL) with
ethanol/water (1:1) yielded working solutions of 100 �g/mL.

 30 �L aliquot of 100 �g/mL AMG  517 was spiked into 570 �L
f mouse whole blood to obtain a 5000 ng/mL calibration stan-
ard in whole blood. Serial dilutions of the 5000 ng/mL calibration

tandards were prepared to provide standards in the range of
.5–2000 ng/mL. The calibration standards (0.5, 1, 2.5, 5, 25, 100,
50, 500, 1000, 2000 and 5000 ng/mL) in whole blood were then
ixed with heparinized saline solution in a ratio of 1:2 (v/v) to
Biomedical Analysis 56 (2011) 604– 608 605

mimic  the collected blood samples from the Culex® system (Bio-
analytical Systems, West Lafayette, IN) and were run in duplicate
in each analytical batch. For DBS analyses, 15 �L of the diluted
blood/saline (1:2) samples were spotted on DBS cards using a
pipette. The pipette tip was  kept from touching the spotting area
when applying the samples. The samples were allowed to dry at
room temperature for at least 2 h on a drying rack. Concentration
data in all experiments were reported in terms of undiluted whole
blood concentration. A working internal standard solution of AMG
831664 (20 ng/mL) was prepared in 75% methanol/water (v/v).

2.3. In vivo experiments

All study procedures were conducted in compliance with the
Animal Welfare Act, the Guide for the Care and use of Laboratory
Animals and the Office of Protection from Research Risks. The pro-
tocols were approved by the Amgen Institutional Animal Care and
Use Committee. A total of 3 male mice (CD-1, 6–8 weeks old), sur-
gically implanted with a carotid artery catheter, were supplied by
Taconic (Albany, NY). Mice were dosed intravenously at 1.0 mg/kg
of AMG  517 in DMSO. Blood samples were collected at 0.083, 0.25,
0.5, 1, 2, 4, 6, 8, 24 h post-dose by the Culex® system using the “no
blood waste” method in which heparinized saline (50 �L) was used
to deliver the collected whole blood (25 �L) into a vial stored in a
refrigerated fraction collector (4 ◦C). The resulting samples were a
mixture of 25 �L blood and 50 �L heparinized saline. The Culex®

system was calibrated by the manufacturer with accuracy within
95% or better and a precision of ±0.4 �L for a volume of 20 �L or
greater. Two 15 �L aliquots of the collected samples were manu-
ally spotted on DBS cards and allowed to dry at room temperature
for at least 2 h before being stored in zip bags with desiccant. The
remaining samples (45 �L) were stored at −70 ◦C until analysis.

2.4. Sample preparation

For DBS analyses, a 6-mm diameter disk was  punched from
the center of the DBS card into a 1.4-mL cluster tube (part #
MP226RN, Micronic BV, McMurray, PA). A 100 �L aliquot of the
working internal standard was  added and the tube was vortex
mixed for about 30 min. The tube was  centrifuged at 4000 rpm
(∼3000 × g-force) for 10 min  and the supernatant was transferred
into a 96-well plate. The supernatant (10 �L) was  then injected
into the LC–MS/MS system.

For blood/saline analyses, 100 �L of the working internal stan-
dard was added into a 15 �L aliquot of the blood/saline (1:2)
samples in a 1.4-mL cluster tube. The tube was then vortex mixed
for 1 min  and centrifuged for 10 min  at 4000 rpm. The supernatant
was  transferred into a 96-well plate and 10 �L of the supernatant
was  injected into the LC–MS/MS system.

2.5. Analytical instrumentation

All experiments were performed using an API 5000 triple
quadrupole mass spectrometer (AB Sciex, Foster city, CA) controlled
by Analyst 1.4.1 software. The mass spectrometer was operated
in the multiple reaction monitoring (MRM) mode with positive
ion atmospheric pressure chemical ionization. The MRM  transi-
tions were 431.1 → 389.1 and 445.1 → 214.0 with a dwell time of
100 ms  for AMG  517 and AMG  831664 respectively. The instru-
ment was  directly coupled to a Shimadzu Prominence HPLC system

(Shimadzu, Japan) including a Shimadzu SIL-20AD UFLCXR solvent
delivery system and a SIL-20AC XR autosampler. Results from the
API 5000 were imported into the Watson LIMS system (version 7.0,
Thermo Scientific, Philadelphia, PA) for data processing. Calibra-



606 P. Wong et al. / Journal of Pharmaceutical and Biomedical Analysis 56 (2011) 604– 608

Q, 0.5

t
q

2

t
f
p
a
1
a
c
t

2

1
b
t
b
w
a
d
s
w
t
p
s
p
a
c
p

Fig. 2. Chromatograms of the lower limit of quantitation (LLO

ion curves were constructed with a weighted 1/concentration2

uadratic regression.

.6. Chromatographic conditions

Mobile phase A was 10 mM ammonium formate in acetoni-
rile/water (5/95) pH 5. Mobile phase B was 10 mM  ammonium
ormate in acetonitrile/water (95/5) pH 5. Chromatography was
erformed on a Waters XTerra MS  C18 (50 mm × 2.1 mm,  2.5 �m)
nalytical column which was kept at 50 ◦C. Flow rate was
.0 mL/min using gradient elution conditions. The gradient started
t 20% B and increased to 70% B from 0.2–0.65 min, and was held
onstant until 1.1 min. At 1.11 min, the gradient was changed back
o the starting conditions. The total run time was about 1.5 min.

.7. Recovery experiments

Extraction recovery from the DBS was evaluated at 5 and
000 ng/mL in whole blood with triplicate analysis. Additional
lank blood/saline (1:2) samples were extracted to provide con-
rol extracts for use in recovery experiments. Aliquots (6 �L) of
lood/saline samples at blood concentrations of 5 and 1000 ng/mL
ere spotted onto DBS cards and dried at room temperature for

t least 2 h. The blood spots formed by the 6 �L samples have a
iameter slightly smaller than 6 mm  such that the entire blood
pot could be sampled by the 6-mm punching tool. The disks
ere then extracted following the procedure described in Sec-

ion 2.4.  Control recovery solutions containing AMG 517 were
repared in 75% methanol/water. Aliquots (10 �L) of the spiking
olutions were added to 990 �L blank DBS extracts to obtain sam-

le extracts equivalent to 100% recovery of AMG  517 in a 6 �L spot
t 5 and 1000 ng/mL concentration. Recovery was calculated by
omparing the response of the extracted samples with the spiked
ost-extracted blank samples.
 ng/mL) of AMG  517 in (A) DBS and (B) diluted blood samples.

2.8. Stability in diluted blood samples

The stability of AMG  517 in diluted blood samples (blood:saline
1:2) was evaluated by storing diluted blood samples at concen-
trations of 5 and 1000 ng/mL for 4 h at room temperature. The
samples (n = 6 at each concentration) were analyzed as described
in Section 2.4 and the results were compared with those of fresh
samples.

2.9. Stability on DBS cards

The stability of AMG  517 on DBS cards was evaluated by storing
the DBS samples at concentration of 5 and 1000 ng/mL for 34 days
at room temperature in a zip bags with a desiccant. The samples
(n = 6 at each concentration) were analyzed as described in Section
2.4 and the results were compared with those of fresh samples.

3. Results and discussion

3.1. DBS and whole blood concentration data comparison

Fig. 2 shows chromatograms at the lower limit of quantitation
(LLOQ, 0.5 ng/mL) of AMG  517 in the DBS and the diluted blood
samples. A 6-mm diameter punch of the DBS is equivalent to a vol-
ume  of about 7.7 �L of the diluted blood sample. This is about half
of the volume used in the analysis of the diluted whole blood sam-
ples (15 �L). This explains why the response in the DBS  samples is
about half of the whole blood samples. However, the sensitivity at
the LLOQ for the DBS samples was  still sufficient for quantitation.
The correlation coefficients (r2) for the calibration curves of the
diluted whole blood and DBS are 0.9920 and 0.9934 respectively

with accuracy within ±20%. Table 1 shows the concentration–time
data for both the DBS and the whole blood after an IV dosing of
1.0 mg/kg of AMG  517 to mice. The average difference between the
two  sets of concentration data was  about 12%; Fig. 3 shows the
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Table 1
Concentration of AMG  517 in DBS and whole blood.

Time (h) Concentration in DBS (ng/mL) Concentration in whole blood (ng/mL) % Difference in
subject 1

% Difference in
subject 2

% Difference in
subject 3

Subject 1 Subject 2 Subject 3 Subject 1 Subject 2 Subject 3

0.083 2090 1330 637 1880 1600 623 10.6 −18.4 2.2
0.25  1530 903 585 1850 863 740 −18.9 4.5 −23.4
0.5  1030 621 493 1290 731 598 −22.4 −16.3 −19.2
1 885 513 347 897 539 426 −1.3 −4.9 −20.4
2  727 382 291 717 379 342 1.4 0.8 −16.1
4 691  N/Aa 132 829 N/Aa 126 −18.2 N/A 4.7
6  607 98.3 106 770 88.1 133 −23.7 10.9 −22.6
8  601 60.9 98.9 646 49.7 95.7 −7.2 20.3 3.3

24  357 37.0 73.5 400 36.2 78.0 −11.4 2.2 −5.9

a No sample was  collected.

Table 2
Average (±SD) pharmacokinetic parameters generated from both the DBS and whole blood concentration data (n = 3).

Matrix AUC(0–24h) (ng*h/mL) Clearance (mL/kg/h) Volume of distribution (mL/kg) Mean residence time (h)

p
e
L
t
o
l
a
b
t
a
a
a
D
r
c
r
o

F
d

Whole blood 7070 (±6870) 148 (±110) 

DBS 6500 (±6060) 150 (±112) 

lots of concentration–time profiles. The pharmacokinetic param-
ters were calculated using non-compartmental analysis in Watson
IMS System and are tabulated in Table 2. The large standard devia-
ions were due to the large difference in the concentration profile in
ne animal as shown in Fig. 3. Pharmacokinetic parameters calcu-
ated using data from both methods were similar. For example, the
verage AUC0–24h values were 7070 and 6500 ng*h/mL obtained
y using the whole blood and DBS concentration data, respec-
ively, a difference of about 8.4%. Average clearance values were 148
nd 150 mL/kg/h, and average volumes of distribution were 3670
nd 3900 mL/kg, for whole blood and DBS data, respectively. The
greement between the whole blood and DBS data suggested that
BS sampling is a promising technique for reducing blood volume

equirements and thus the number of animals used in pharma-

okinetic studies. Using one mouse for each time point would have
equired 27 mice to generate similar data that was  obtained with
nly three animals in this study.
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ig. 3. Plots of concentration–time profiles generated using (A) the whole blood
ata and (B) the DBS data.
3670 (±2370) 27.9 (±11.0)
3900 (±2710) 30.4 (±15.5)

3.2. Recovery

The extraction recoveries of AMG  517 from DBS samples were
determined at 5 and 1000 ng/mL and were found to be 94 and
87% respectively. The effect of vortex extraction time (10, 20, 30
and 60 min) was  also studied and it was  found that longer extrac-
tion time (60 min) did not increase the extraction recovery (Fig. 4),
although greater variability was seen if the discs were only vortexed
for 10 min.

3.3. Stability in diluted blood samples

Stability in diluted blood was studied to allow manipulation of
blood samples prior to spotting onto a card. The stability of the
diluted blood samples was  evaluated at 5 and 1000 ng/mL for up to
4 h at room temperature. The LC–MS/MS peak area ratio (analyte
to internal standard) of replicates (n = 6) of these samples stored
for 4 h at room temperature were compared with those of aliquots
of fresh samples. The difference in peak area ratios were −1.1%
and −7.4% at 5 ng/mL and 1000 ng/mL respectively, indicating that
AMG  517 is stable in diluted blood samples for at least 4 h at room
temperature.
3.4. Stability on DBS cards

Replicates (n = 6) of 15 �L of the diluted blood samples
(blood:saline 1:2) at 5 and 1000 ng/mL were spotted onto a card
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Fig. 4. Effect of vortex extraction time on DBS recovery of AMG  517 at 1000 ng/mL
(n  = 3).



6 l and 

a
d
p
i
a
c
d

4

b
f
a
b
a
p
f
t
v
t

A

f
p

R

[

[

[

[

[

[

[

[

[

[

[

[

08 P. Wong et al. / Journal of Pharmaceutica

nd stored at room temperature for 34 days in a zip bag with a
esiccant. The measured responses (peak area ratios) were com-
ared to fresh samples extracted and analyzed immediately after

nitial spotting and drying. The differences were 9.4 and 12.0% at 5
nd 1000 ng/mL, respectively, indicating AMG  517 is stable on DBS
ards for at least 34 days when stored at room temperature with a
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. Conclusion

This report describes the application of an automated serial
lood sampling system used in conjunction with DBS collection
or pharmacokinetic studies in mice. Calculated parameters such
s AUC and clearance determined from DBS and diluted whole
lood methods were comparable. The high extraction recovery
nd adequate stability on DBS cards also suggest that DBS is a
romising technique in reducing the blood volume requirements
or pharmacokinetic studies. These results also demonstrated that
he automated blood sampling system and DBS collection can pro-
ide full pharmacokinetic profiles from individual mice and reduce
he number of animals required for these types of studies.
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