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ABSTRACT - Purpose: Current practices applied to mouse pharmacokinetic (PK) studies often use large
numbers of animals with sporadic or composite sampling that inadequately describe PK profiles. The purpose of
this work was to evaluate and optimize blood microsampling techniques coupled with dried blood spot (DBS) and
LC-MS/MS analysis to generate reliable PK data in mice. In addition, the feasibility of cross-over designs was
assessed and recommendations are presented. Methods: The work describes a comprehensive evaluation of five
blood microsampling techniques (tail clip, tail vein with needle hub, submandibular, retro-orbital, and saphenous
bleeding) in CD-1 mice. The feasibility of blood sampling was evaluated based on animal observations, ease of
bleeding, and ability to collect serial samples. Methotrexate, gemfibrozil and glipizide were used as test
compounds and were dosed either orally or intravenously, followed by DBS collection and LC-MS/MS analysis
to compare PK with various bleeding methods. Results: Submandibular and retro-orbital methods that required
non-serial blood collections did not allow for inter-animal variability assessments and resulted in poorly described
absorption and distribution kinetics. The submandibular and tail vein with needle-hub methods were the least
favorable from a technical feasibility perspective. Serial bleeding was possible with cannulated animals or
saphenous bleeding in non-cannulated animals. Conclusions: Of the methods that allowed serial sampling, the
saphenous method when executed as described in this report, was most practical, reproducible and provided for
assessment of inter-animal variability. It enabled the collection of complete exposure profiles from a single mouse
and the conduct of an intravenous/oral cross-over study design. This methodology can be used routinely, it
promotes the 3Rs principles by achieving reductions in the number of animals used, decreased restraints and
animal stress, and improved the quality of data obtained in mouse PK studies.

This article is open to POST-PUBLICATION REVIEW. Registered readers (see “For
Readers”) may comment by clicking on ABSTRACT on the issue’s contents page

INTRODUCTION

The conduct of rodent PK and TK studies designed three bleeds per mouse (one or two surviving bleeds
to understand the circulating concentrations of the followed by a terminal bleed) (2-5). Therefore,
drug moiety (and metabolites) are fundamental for generating a complete PK or TK profile in a single
drug discovery and development (1). Conventional mouse with conventional plasma collection methods
methods require periodic collection of blood samples is not possible due to the limitations in blood
from the test animal, which are usually immediately volumes that can be collected without impacting the
centrifuged to separate the red blood cells in order to animal’s health and investigators resort to the
yield sufficient quantities of plasma samples to generation of composite PK/TK profiles with non-
enable the quantification of the analyte(s) of interest. serial bleeds (6). Recently, significant advancements
Overall, the sampling volumes and the collection have been made with regard to the bioanalytical
techniques have undergone very little change over techniques and  associated  instrumentation
the past few decades. The volume of blood collected (predominantly LC- MS/MS) that has enabled the

at each sampling time-point has been dictated by the
volume of sample needed for the analysis, typically
about 150 to 200 pL of blood from a mouse, which Corresponding Author: Nita J. Patel, PhD, Drug Disposition,
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use of smaller volumes for analysis (7). In addition,
the adoption of various bleeding techniques to enable
micro-sampling of blood or plasma (generally
defined as the collection of blood volumes of less
than 50 pL) has enabled the collection of multiple
PK time points and the generation of a complete PK
profile from a single mouse.  These techniques
include micro-sampling of plasma either as liquid
plasma (8-10), or as dried plasma spots (11), and
micro-sampling of blood either as liquid blood (12-
15), or as dried blood spots (DBS) (2-4, 16-18).
Overall, micro-sampling also benefits the adoption
and compliance with the 3Rs principles (Reduction,
Refinement, and Replacement in animal usage) (19).
Dried blood spot (DBS) sampling has recently
gained broader implementation, likely due to a
combination of its simplicity in sampling, shipping,
and storage, as well as the overall cost savings (20,
21). One of the challenges in employing DBS
analysis is related to the sensitivity of the LC-
MS/MS system, since the actual volume of blood
used for sample extraction and analysis is equivalent
to approximately 2 to 4 uL of blood (from a 3-mm
diameter DBS punch), in contrast to 50 to 100 pL of
plasma used for a standard analysis.  Another
bioanalytical challenge includes the bias caused as a
result of extremes of hematocrit. However, the
effect/impact of hematocrit on assay bias is
minimized in nonclinical studies using purpose-bred
animals, for which inter-animal variability is
expected to be low relative to clinical populations (2,
22-24), but may be important when conducting
studies in diseased animals where blood counts could
be altered. Finally, in rare instances the stability of
the analyte(s) in blood may interfere with the assay
results, in which case the stability of suspect
structures would need to be evaluated up front.
Multiple blood sampling techniques have been
evaluated and suggested for sampling from small
laboratory animals such as rats and mice (25, 26).
Blood can be sampled from multiple sites using
various methods and sampling sites that target both
arteries and veins. The most commonly used
techniques in rats include tail vein, jugular vein,
saphenous vein, retro-orbital, and cardiac puncture
(26). In mice, tail clip, tail vein with a needle hub,
saphenous vein, retro-orbital, and cardiac puncture
are the most widely used (26, 27). The practical
aspects and ease of execution of these techniques
vary, since some require the use of anesthesia and
additional training and personnel. Vascular
cannulation in rodents is also an option however; this

requires surgery, additional care, longer timelines,
and increased cost.

Although multiple sampling techniques have
been established for sampling in mice (25, 27-29); a
comprehensive evaluation of the respective PK
profiles with cross-over designs using DBS methods
has not been reported. Tail vein sampling (tail clip
and tail vein with needle hub) seems to be the most
commonly used micro-sampling technique in mice
(2, 12, 30, 31) while saphenous bleeds and retro-
orbital bleeds have also been used (3, 4, 12). The use
of tail clips and tail vein with a hub needle should be
avoided to reduce contamination of samples with
administered dose, especially in small rodents such
as mice when drug/test compounds are administered
IV via the tail vein. Although saphenous vein
puncture bleeding has been demonstrated to be a
useful and practical method for repeated sampling
from mice and other rodents (25, 26, 29) its
implementation has been very limited as it may
require further optimization to enable the conduct of
cross-over studies (29).

This  work  combines an  optimized
microsampling technique with dried blood spot
(DBS) collection and LC-MS/MS analysis as a most
efficient and practical way of performing mouse PK
studies in drug discovery and development.

METHODS

Animals: Male CDI1 mice were purchased from
Harlan Laboratories (Indianapolis, IN) and were
housed in groups of four per cage in standard open-
topped polycarbonate shoebox-style cages with
corncob bedding. The animal rooms were
maintained on a 12:12hr light:dark cycle at a room
temperature that ranged from 68 to 79 °F with a
relative humidity between 30% and 70%.
Enrichment was provided in the form of small cotton
pads, which the mice treat as nesting material and
tear apart to sleep on. Cages were changed every 7
days. A commercial diet (Harlan Teklad 2010,
Harlan Labs, Indianapolis, IN) was provided and
animal weights ranged from 18-35 g at study start.
All procedures were in compliance with the U.S.
Department of Agriculture’s (USDA) Animal
Welfare Act (9 CFR Parts 1, 2, and 3); the Guide for
the Care and Use of Laboratory Animals: Eighth
Edition, (Institute for Laboratory Animal Research,
The National Academies Press, Washington, D.C.);
and the National Institutes of Health, Office of
Laboratory Animal Welfare. Whenever possible,
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procedures in this study were designed to avoid or
minimize discomfort, distress, and pain to animals.

Drug material and administration: Methotrexate
and gemfibrozil were purchased from Sigma-Aldrich
(St. Louis, MO) and glipizide was obtained from
Research Biochemical Inc. (Natick, MA). The
compounds were administered at 10 mg/kg via oral
dose (PO) and at 1mg/kg intravenous (IV) dose and
the serial collection time-points were as follows; for
IV dosing, 0.08, 0.25, 0.75, 2, 4, 8 and 24 hours, and
for PO dosing, 0.25, 0.5, 1, 2, 4, 8 and 24 hours,
(N=4/dose). For non-serial collections, 8 mice were
dosed IV and a separate group of 8 mice were dosed
PO with a distribution of 4 mice per time point.
Animals requiring non-serial collections were bled at
alternate timepoints to allow for recovery and
terminal samples were obtained by cardiac puncture
(3-4 timepoints/animal). The dose formulations for
both PO and IV groups were 10% hydroxypropyl-
beta-cyclodextrin in purified water and doses were
administered at 10 mL/kg, PO and 1 mL/kg, IV.

Blood sampling: Five bleeding methods were
compared: (1) tail clip and (2) tail vein with needle
hub, using cannulated mice, (3) submandibular, (4)
retro-orbital, and (5) saphenous bleeding, and the
latter three using non-cannulated mice approved by
the Animal Care and Use Committee at Covance
Laboratories, Greenfield, IN. Blood samples were
obtained at specified time points, where
approximately 20 uL of blood was filled to capacity
into EDTA-coated capillary tubes (Fisher Scientific,
Pittsburgh, PA) and spotted on to Whatman®
DMPK-C DBS collection cards obtained from GE
Healthcare Bio-Sciences (Piscataway, NJ). Once
spotted, the cards were allowed to dry for 2 hours,
placed in Ziploc® bags (S.C. Johnson & Son, Inc.)
and shipped to the bioanalytical facility at ambient
temperature.

Tail clip and tail vein with needle hub sampling
was performed using cannulated mice where IV
dosing was performed through the cannula and serial
sampling was performed from the tail in a cross-over
design with a two day washout. Each mouse was
placed in a whole body restrainer and its tail was
swabbed with alcohol and a warm moist pad. A sharp
surgical blade was then used to cut I mm from the
tip of the tail and blood flow was initiated by gentle
milking of the tail. Following the initial blood-
collection procedure, direct pressure was applied to
the incision site with a clean cotton swab for about
10 seconds to stop the bleeding and allow for the

blood to clot. At subsequent collection time points,
the clot was removed and the tail was milked again
from the initial incision site. A fresh cut was needed
for the 24-hour collection.

In the case of the tail vein with needle hub
method, each mouse was placed in a whole body
restrainer and its tail was swabbed with alcohol
followed by a warm water moistened gauze pad. A
needle with a Luer lock hub was inserted into the
distal tail artery or vein and blood was allowed to
collect in the hub. A capillary tube inserted into a
bulb pipette was then used to collect blood from the
hub for spotting onto DBS cards. Bruising and/or
needle stick marks were noted for some animals that
indicated damage to tail vessels and added to the
difficultly of later collections.

Submandibular bleeding was conducted in
conscious mice. The mice were placed into a cotton
glove for restraint. The body and head were
restrained to present the mandibular region and
visualize the submandibular vein. Using a blood
collection lancet, the submandibular vein was
opened to produce a drop of blood. Blood was then
collected using a capillary tube inserted into bulb
pipette. Bruising and/or prior lancet marks
complicated later collections.

Studies with retro-orbital bleeding, conducted in
a parallel design with intravenous and oral dose
groups, were designed to derive composite plasma
concentration versus time profiles with four animals
per time-point. Isoflurane was used to anesthetize
animals prior to each blood-collection time point. A
glass capillary tube was inserted into the retro-orbital
sinus venous plexus and blood was allowed to flow
via capillary action into a collection tube. To ensure
that less than 10% of blood volume was removed,
retro-orbital blood collections were performed no
more than twice from each eye of a single animal. A
terminal blood sample was collected from animals
under deep anesthesia via cardiac puncture.

A previously published saphenous bleeding
technique (25) was used initially for non-serial blood
collections, followed by an additional modification
(29) which was further optimized for adoption to
serial collections. Application of petroleum jelly
(Vaseline®, Conopco, Inc.) following the shaving of
the bleeding site was an added step that helped
visualize the vein and facilitated serial micro-
sampling.  Additionally, when the vessel was
punctured with a needle, the blood welled up and
formed a drop instead of dissipating across the
surface of the leg (Figure 1). After blood collection
with a micro-capillary tube, the restraint was
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released and the puncture site was compressed for
approximately 10 seconds with light pressure. Using
the same procedure, subsequent blood collections
from the same leg were executed with ease. The
feasibility of serial collections with cross-over
designs was evaluated.

The tail clip, tail vein with needle hub and the
saphenous method allowed for individual animal and
variability assessments with the resulting PK
parameter  calculations. Sampling  using
submandibular, saphenous, and retro-orbital
methods was limited to non-serial blood collections
with IV and PO arms run in parallel, basically due to
the limitations in the number of blood samples that
could be obtained from each of these sampling
options. Observations regarding feasibility of the
different techniques were noted during each study

with respect to both ease of collection/timing and
limitations due to animal comfort and wellbeing.

Test analytes and bioanalyses: Methotrexate,
glipizide and gemfibrozil were selected as the test
materials for this evaluation since they had been
previously used to evaluate blood sampling
techniques and have had well-behaved PK and
bioanalytical properties (32). Bioanalysis was
performed using a fit-for-purpose/discovery
methodology where a large standard curve range (1-
10000 ng/mL) was employed to ensure that the
standard curve points bracketed all the
concentrations in the sample without the need for
reanalysis with dilutions. This approach enabled the
generation of PK concentration data for each
sample/time-point collected in a single DBS

containing approximately 20 pL of blood.

Figure 1. Optimization of the saphenous micro-bleeding technique: (A) Visualization of the vein and application of petroleum
jelly; (B) use of capillary tube to collect drop of blood produced by needle puncture; (C) placement of blood (20 uL) onto

DBS cards.
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Sample extraction: Punches (3 mm) from DBS
cards that represented samples, standards, or QCs
were extracted with 180 pL of a 20 ng/mL analog IS
(proprietary Lilly compound, D6-gemfibrozil, or
D11-glipizide) in methanol/acetonitrile (1:1, v/v)
solution in 96-well plates. Extraction was conducted
overnight in a refrigerator and supernatants were
analyzed for each compound as described below.

Analysis of methotrexate: A volume of each sample
supernatant was transferred to a new 96-well plate
and diluted 2-fold with water then analyzed by LC-
MS/MS using a Betasil C18 (Thermo Scientific,
Waltham, MA) 20 mm x 2.1 mm 5-um Javelin
column and a gradient mobile phase system with A
consisting of 1000:4:1 water/trifluoracetic acid/1M
ammonium bicarbonate and B consisting of 1000:4:1
acetonitrile/trifluoroacetic ~ acid/lM  ammonium
bicarbonate delivered at 1.5 mL/min.

Analysis of gemfibrozil and glipizide: A volume of
each sample’s supernatant was transferred to a new
96-well plate and diluted 2-fold with water/methanol
(1:1, v/v) then analyzed by LC-MS/MS using a
Betasil® C18 (Thermo Scientific, Waltham, MA) 20
mm X 2.1 mm 5 pm Javelin column. For
gemfibrozil, a gradient mobile phase system with A
consisting of 1000:1 water/formic acid and B
consisting of methanol delivered at 1.5 mL/min was
used. For glipizide, a gradient mobile phase system
was applied with A consisting of 1000:5 water/1M
ammonium bicarbonate and B consisting of 1000:5
methanol/IM ammonium bicarbonate delivered at
1.5 mL/min.

HPLC and LCMS conditions: The HPLC column
was held at ambient temperature, and a flow rate of
1.5 mL/min was used with an injection volume of 10
pL. Mass spectrometric data were generated by
using an AB Sciex® API 4000 triple-quadrupole
mass spectrometer (Applied BioSystems, Foster
City, CA) and acquired using Analyst software,
version 1.4 (Applied BioSystems, Foster City, CA).
Selected Reaction Monitoring (SRM) transitions
(positive ion mode) with precursor and product ions
for the analyte and internal standard were acquired
with an AB Sciex® API 4000 tuned to achieve unit
resolution (0.7 DA at 50% FWHM) using Analyst
software (version 1.4.2). Acquisitions  for
methotrexate and glipizide were performed in
positive-ion mode and gemfibrozil data were
acquired in negative ion mode using a
TurbolonSpray® (Applied BioSystems, Foster City,

CA) source set at approximately 700 °C and an ion
spray voltage of approximately 1500 V (positive ion)
and -3000 V (negative ion).

Pharmacokinetic analysis: PK parameters were
calculated for concentration time profiles with non-
compartmental analysis using Watson LIMS
(version 7.4) from Thermo Scientific (Billerica,
MA). For non-serial sampling, concentration data
were represented as mean values and the PK
parameters were calculated using composite curves
and with serial collections, individual animal data
were used for PK analysis. Differences in PK
parameters that were less than 2-fold were
considered to be within experimental variability
based on in-house experience.

RESULTS

Technical feasibility of various micro-sampling
methods: Animal observations during the conduct
of PK studies using various micro-sampling methods
are summarized in Table 1.

The tail vein with needle hub collection method
using cannulated animals for IV dosing allowed for
relatively smooth blood collections at all time-
points, but the tail seemed to have quite a few
puncture marks and made bleeding more difficult
due to reduced blood flow as each time-point
progressed in the cross-over arm of the study.
Additionally, bleeding was complicated by the fact
that animals needed approximately two minutes of
warm-up time to enhance tail blood flow, as well as
by the fact that some animals did not bleed well and
resulted in delayed collection times. The use of a heat
lamp for pre-warming the animals was attempted,
but was found to be ineffective since the cannulated
mice needed to be individually housed. Overall, a
maximum of approximately ten time-points could be
collected from the tail bleeding method in a cross-
over design.

Bleeding from the submandibular vein was
evaluated in non-cannulated conscious mice. The
submandibular region appeared swollen with some
sites exhibiting slight hematomas. Additionally,
decreased activity that lasted more than one minute
was observed.  Overall, the appearance of the
animals was rough and disheveled. These
observations limited the number of blood collections
and did not allow for serial collections or application
of a cross-over design.
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Table 1: Comparison of standard blood sampling techniques employed in mice to obtain blood or plasma samples for computing pharmacokinetic profiles.

Micro- Collections per mouse # animals per Crossover  Anesthesia Cannulation  Observations

bleeding two arm study (Y/N) (Y/N)

method

Sub- 4 12-18 N N Most technically challenging

mandibular  plus terminal

Tail vein w/  4-8 12-18
needle hub

Retro- 4 12-18
orbital plus terminal

Tail clip 8-10 3-4
Saphenous  6-8 3-4

N N
N Y
Y N

Animal distress due to swollen submandibular region
Multiple collections led to decreased activity

Difficult to obtain multiple samples from same site

Tissue trauma in tail.

Bleeding time errors; Bleeding difficult with progression of
collections

Long warm-up times (~2min) for adequate blood flow

Use of heat lamp inconvenient with individual housing
Commonly used for composite curves, not serial bleeding

Some animals lose patency during study

Petroleum jelly helps vein stand out; blood wells up instead
of dissipating across skin surface

Multiple blood collections from the same leg possible
Minimal to no bruising and vein continues to be visible.
Animals bled very quickly and efficiently.

Slight bruising after 6 bleeds; recovery between arms > 3
days

Animals appear to be bright and alert at all times.

Table 2. Comparison of mean (£SD) pharmacokinetics generated using different blood sampling methods, following the administration of a single intravenous (IV) and oral
dose (PO) dose of methotrexate to male mice (n=4/timepoint).

Design Non Cannulated/Non-cross-over? Cannulated/Cross-over

Parameter Sub-mandibular Initial Saphenous Retro-Orbital Tail Clip Tail vein with Hub Needle
Route Units v PO v PO v PO v PO v PO

Dose mg/kg 1 10 1 10 1 10 1 10 1 10
AUCo.24n pg*Hours/mL 0.9 1.5 1.0 1.1 0.7 1.3 1.5+0.4 1.9+0.4 1.2+0.3 1.3+0.4
Cinax o1 Co pg/ml 0.6 0.3 0.8 0.3 0.5 0.3 0.7+0.3 0.3£0.1 0.6+0.2 0.2+0.1
Tir Hours 12.7 6.8 8.3 8.8 10.4 6.8 14.245.3 13.7+0.9 10.24+0.8 13.9+7.7
CL, mL/min/kg 14.5 15.0 19.7 9.2+2.6 13.1+3.7

Vs mL/kg 10700 6900 10300 8300+3200 7400+3100

% F Dose * AUC 15.6 10.9 17.6 13.0£2.2 12.8+38.5

4 Submandibular, initial saphenous and retro-orbital bleeds were composite bleeds, and therefore did not allow SD calculations.
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Retro-orbital and tail-clip methods were relatively
straightforward with no atypical live-phase
observations. However, the retro-orbital method
required anesthesia and with a limitation of less than
four time-point collections per animal, this method
could only be used for non-serial blood collections
in a non-cross-over design. The tail clip method
allowed for a cross-over design without the use of
anesthesia, but required the use of cannulated
animals for I'V dosing.

A previously published saphenous bleeding
technique was initially used (25) and then compared
to a method published by Peng et.al (29) and
optimized for application in mouse PK studies. With
saphenous bleeding, bruising and puncture marks
were absent in nearly all of the animals and the vein
continued to be visible. Where bruising was present,
it was very minimal compared to previous attempts
where petroleum jelly was not applied. Overall, all
animals bled very quickly, reproducibly, and
efficiently via the saphenous vein. Using the
modified procedure allowed for four additional
collections amounting to a total of eight collections
(four/leg) within a standard 24-hour PK collection
period. While slight bruising was observed when
sampling beyond a 24-hour time-point, the veins
were still visible enough to support these additional
bleeding points. All animals that were bled using the
modified saphenous bleeding method appeared to be
bright and alert at all times, did not show any signs
of lack of movement or distress while walking
around in their cages, and did not appear to be in pain
when handled.

Overall, the tail vein with needle hub and
submandibular methods were the most challenging
techniques due to apparent animal discomfort and
difficulty in obtaining multiple samples from the
same site. With respect to feasibility and generation
of PK data, the tail clip and saphenous methods were
most preferable of all the methods examined,
particularly as they required only three to four
animals for a two-arm, cross-over study and were
consistent with the 3Rs principles, whereas the other
methods utilized up to 18 animals. The tail clip
method with serial sampling provided the possibility
of a cross-over design and was considered preferable
in all aspects including assessment of inter-animal
variability; however, this method required the use of
cannulated animals for IV dosing, which was costly
and reduced study turnaround time. In contrast, the
saphenous bleeding method facilitated serial
bleeding in a cross-over design, the ability to assess
inter-animal variability, and was more advantageous

and cost-effective since it used non-cannulated mice.
Additionally, the saphenous method as described in
this work did not result in hematomas or bruising if
at least a three-day recovery period was allowed
between cross-over arms or blood sampling periods.

Pharmacokinetics with various micro-sampling
methods: A key advantage of serial collections is
the ability to assess inter-animal variability, which
the non-serial collection does not provide. Since
sampling via submandibular, initial saphenous, and
retro-orbital methods, were limited to non-serial
blood collections with PO and IV arms run in
parallel, a statistical comparison of PK parameters
could not be performed as they lacked individual
animal concentration-time profiles (Table 2).

The inter-animal variability of bioavailability
using tail vein with needle hub method (%CV = 66)
was much higher than that using tail-clip method
(%CV = 17). However, the bioavailability of
methotrexate was comparable between all methods
(within 2-fold) and ranged from 11 to 18% (Table
2). In examining the initial distribution phase within
2 hours after IV administration it was observed that
retro-orbital bleeding led to an erratic distribution
profile, while other methods were consistent with a
typical rapid decline that allowed for a better
definition of distribution kinetics (Figure 2A). This
may be due to the non-serial collection method that
may cause variability in the timing of collections
during the initial distribution phase and/or the
possibility of blood-flow differences resulting from
various degrees of anesthesia. The PO arm using
submandibular bleeding resulted in an atypical flat
absorption profile compared to the other methods
(Figure 2B). Using the initial saphenous method,
most PK parameters for methotrexate were
comparable between serial and non-serial
collections, except that the volume of distribution
with serial bleeding was 3.3 to 8.6-fold higher than
the mean values obtained with non-serial bleeding
(Table 3). The importance of accurately describing
distribution and elimination kinetics with IV dosing
and absorption kinetics with PO dosing is realized
when these data are used for modeling and
predictions that require a precise estimation of these
parameters.  Therefore, non-serial sampling as
utilized in submandibular, initial saphenous or retro-
orbital bleeding techniques would be less acceptable
for PK modeling and prediction calculations since
the resulting data did not adequately describe
absorption and distribution kinetics essential for
modeling and predictions.
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The PK of gemfibrozil was evaluated using all
the bleeding methods (including saphenous bleeds
with serial collections). The exposure of gemfibrozil
was higher with retro-orbital bleeding compared to
other methods as shown in Figure 3. With the retro-
orbital method performed in a non-crossover design
generating composite animal profiles, the
bioavailability was greater than 100% and higher
than other methods (which ranged from 53 to 85%).
The volume of distribution and clearance values
were generally similar between all methods
(statistical analysis was not feasible for composite
profiles). The inter-animal variability of
bioavailability using tail vein with needle hub
method (% CV = 22) was similar to that using tail
clip method (% CV = 17).

The PK of glipizide was also evaluated using all
the bleeding methods including the saphenous
bleeding method with serial collections. The PK
profiles of glipizide were not influenced to any great
extent by the bleeding methods utilized in this study
as shown in Figure 4. Both the volume of
distribution and clearance values were similar across
all groups. The IV and PO profiles were similar
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Based on the previous evaluations and the
preference for methods that afforded serial blood
collections, the feasibility of using the saphenous
bleeding and tail-clip methods with a seven time-
point blood collection scheme and a cross-over
design was evaluated for glipizide. The key
difference between the two methods was that the
saphenous method did not require cannulation, while
the tail-clip method required placement of a cannula
for IV dosing to avoid contamination of tail-clip
collection samples. All seven time-points were
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Figure 2. Mean (+SD) blood-versus-time concentration profiles generated following (A) a single 1 mg/kg IV dose or (B) a
single 10 mg/kg PO dose administration of methotrexate using various micro-bleeding sampling methods in male mice
(n=4/time-point). Saphenous bleeds were using the initial method; therefore, data from saphenous, submandibular, and retro-
orbital bleeds were composite bleeds, and did not allow calculations of SD (no error bars).

Table 3. Mean (+SD) blood pharmacokinetic parameters following a single 1 mg/kg IV bolus or a 10 mg/kg oral
dose administration of methotrexate with blood collected via the saphenous vein in male mice.

Parameter Serial Bleeding / Non cross-over Non-serial Bleeding / Non cross-over
(Modified method) (Initial method)
Dose mg/kg 1 10 1 10
Route v PO v PO
AUCo2an  pg*Hours/mL 0.6 +0.1 0.6+0.1 1.0 1.1
AUCgxtap  pg*Hours/mL  1.5+0.6 0.9+0.1 1.1 1.2
Cumaxor Co  pg/mL 0.5+0.2 0.17 +£0.05 0.8 0.3
Trnax Hours NA 0.88 £0.25 NA 1.00
Tin Hours 52.0+£27.5 174 +8.8 83 8.8
CL, mL/min/kg 12.5+4.2 NA 15.0 NA
Vss mL/kg 39800 + 15100 NA 6900 NA
%F Dose * AUC 10 10.9

NA: Not Applicable
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Figure 3: Comparison of pharmacokinetic properties resulting from the use of different micro-bleeding techniques following
the administration of a single 10 mg/kg, PO or 1 mg/kg, IV dose of Gemfibrozil to male rats. (A) Exposure and bioavailability,
(B) Clearance, (C) Volume of distribution. Submandibular and retro-orbital bleeds were composite bleeds, and therefore did

not allow calculation of SD (no error bars).

The PK profiles shown in Figure 4 and the data
presented in Table 4 showed good agreement
between the two methods. This evaluation showed
that the PO and IV PK profiles of glipizide were not
influenced by either of the two bleeding methods,
further confirming that serial sampling maintained
the ability to determine variability in secondary PK
parameters such as clearance, volume of distribution,
and half-life. The inter-animal variability for oral
AUC was very low; 5.5% CV for tail clip and 13%
CV for the saphenous bleeding method. The overall
bioavailability was greater than 100% with the
saphenous method, while the tail clip method
resulted in a Dbioavailability of 83%. The
reproducibility of the PK parameters generated by
the two bleeding methods was subsequently
compared over two separate studies. While there
were some differences in the half-lives, these were
resolved upon careful optimization and execution of
the saphenous method in the repeat study (Figure 4).

No significant differences were observed between
either of the methods or between the two studies.

DISCUSSION

The generation of circulating drug (and metabolite)
concentrations in experimental animals and
evaluation of PK/TK during drug discovery and
development is paramount to establishing activity of
analyte(s) against the target (or targeted disease) as
well as toxicity and safety. Additionally these data
are used to develop in-silico models, understand in
vitro-in vivo extrapolations, and ultimately in human
PK predictions.

The intent of our work was to perform within
and inter-study comparisons of methotrexate,
gemfibrozil, or glipizide mouse PK that may be
impacted by various micro-sampling techniques with
identical dose levels, dosing methods, route of
administration and formulations.
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Figure 4. Time-vs-concentration profiles based on the saphenous bleeds (non-cannulated) and cannulated tail-clip method
following the administration of a single 10 mg/kg dose of glipizide via oral dose (PO) and a single 1mg/kg dose via
intravenous (IV) (N=4/time-point). Graph A shows data from initial study and graph B represents the repeat study for
confirmation.
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Table 4. Pharmacokinetic parameters based on a cross-over design comparing saphenous and cannulated tail-clip blood
micro sampling methods following the administration of a single 10 mg/kg dose of glipizide via oral dose (PO) and a single

Img/kg dose via intravenous (IV) (N=4/time-point).

Saphenous Tail Clip

(non-cannulated) (cannulated)
Collection/Design Units Serial/Cross-over Serial/Cross-over
Dose mg/kg 1 mg/kg IV 10 mg/kg PO 1 mg/kg IV 10 mg/kg PO
Parameters” STUDY #1
AUCo.24n pg*Hours/mL 329+£22 450.+59 37.1+£19 307+ 17
Cmax (PO) or C, (IV) pg/mL 3.6+0.4 30.4+4.3 41+0.8 41.5+£4.0
T Hours 94+1.6 8.0+1.2 63+0.6 4.0+0.7
CL, mL/min/kg 0.42 +0.05 NA 0.42+0.03 NA
Vs mL/kg 320+20 NA 210+ 7 NA
AUC Ratio ng*Hours/mL 0.89 1.47 NA NA
Saph/Tail Clip
Parameters” STUDY #2
AUCo-24n pg*Hours/mL 222+1.8 227 +29 264+63 202 £ 53
Cmax (PO) or C, (IV) pug/mL 3.0+0.6 21.0£4.0 33+0.7 18.7+£5.2
Tie Hours 65+13 50+03 6.4+1.1 54+23
CL, mL/min/kg 0.70 £ 0.06 NA 0.61 £0.16 NA
Vs mL/kg 358 £65 NA 307 +99 NA
AUC Ratio ng*Hours/mL 0.84 1.12 NA NA
Saph/Tail Clip

*No significant differences were observed between methods or between studies; T» differences in Study #1 were resolved

upon optimization of the saphenous method in Study #2.

Overall, the comparison of PK for these three
compounds with previous reports in the literature
were challenging due to significant differences in the
designs of reported studies including the
species/strain, disease models, completeness of PK
profiles, dose and route of administration, and
formulations used (33-35). However, where
comparisons were possible, the mouse PK for the
compounds used in our studies were comparable to
the literature. For example, gemfibrozil PK study in
mouse reported a bioavailability of 73% which was
similar to the 60% that we report in our studies (36)

Using various micro-sampling techniques with
identical dose levels, dosing methods, route of
administration and formulations in this report we
found that while various bleeding methods did not
generally influence PK, considerations with respect
to technical feasibility indicated that the
submandibular and tail vein with needle hub
methods were the least favorable. Methods that
require non-serial collections (submandibular and
retro-orbital) are not preferred as they tend not to
adequately describe distribution and absorption
kinetics that are necessary for applications to PK

modeling and prediction work. Of the three methods
that allowed serial sampling (tail-clip, saphenous and
tail vein with a needle hub), the saphenous method
was the most practical and appealing as it was
reproducible and  provided for assessment of
variability. Additionally, the saphenous bleeding
method did not require the use of cannulated mice
(for IV dosing) or anesthesia (during bleeding) and
was cost-effective. It was also consistent with the
3Rs principles by achieving significant reductions in
the number of animals used, decreased restraints and
animal stress, and improved data quality. On the
basis of this work, we have successfully established
the saphenous bleeding technique as a routine
practice for mouse PK studies delivering consistent
and reproducible results. This has resulted in a 66%
reduction in the overall number of mice used per
single arm studies (compared to traditional plasma
studies) and 83% reduction when conducting mouse
IV/PO crossover PK studies. Using the saphenous
micro-sampling technique with DBS analysis as
described in this paper is practical and highly
recommended for the conduct of mouse PK/TK
studies in drug discovery and development.
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CONCLUSION

We have presented a comprehensive evaluation of
five different micro-sampling techniques used for
mouse pharmacokinetic evaluations demonstrating
that existing methods have been limited to non-serial
sampling that generate less acceptable PK
calculations since the resulting data do not
adequately describe absorption and distribution
kinetics essential for modeling and predictions. Of
the methods that allow serial sampling, the
saphenous method when executed as described in
this report, was most practical and appealing as it
was reproducible, provided for assessment of
variability and has the advantage of conducting these
studies in a cross-over study between oral and
intravenous dosing in a single mouse. Finally, this
method did not require the use of cannulated mice or
anesthesia was most cost-effective and promotes the
3Rs principles by achieving reductions in the number
of animals used, decreased restraints and animal
stress.
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