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Abstract
Purpose ABT-751 is an orally bioavailable sulfon-
amide that binds to the colchicine binding site on
�-tubulin and inhibits microtubule polymerization. The
plasma and cerebrospinal Xuid (CSF) pharmacokinet-
ics of ABT-751, after a short intravenous infusion,
were evaluated in a non-human primate (Macaca mul-
atta) model that is highly predictive of the CSF pene-
tration of drugs in humans.
Materials and methods Plasma and CSF samples were
collected over 24 h after 7.5 mg/kg (150 mg/m2) ABT-
751 infused over 0.25–0.70 h, and ABT-751 concentra-
tions in plasma and CSF were quantiWed using a
validated HPLC-MS/MS assay. Pharmacokinetic
parameters in plasma and CSF were derived using non-
compartmental methods.
Results and conclusion Plasma disappearance was bi-
exponential with a terminal half-life of 13 h. The
mean § SD clearance was 100 § 18 ml/min m2, the
mean § SD volume of distribution at steady state was
1.3 § 0.5 l/kg, and the mean § SD mean residence time
was 4.6 § 1.8 h. The mean § SD peak ABT-751 con-
centration in CSF was 0.26 § 0.08 �M, and the
mean § SD CSF half-life of 1.3 § 0.3 h. CSF penetra-
tion was limited (mean § SD AUCCSF:AUCplasma,
1.1 § 0.3%) relative to total (protein-bound + free)

plasma drug concentrations, but the CSF concentra-
tions approximated the estimated free drug concentra-
tions in plasma.
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Introduction

ABT-751 is an orally bio-available sulfonamide that
binds to the colchicine binding site on �-tubulin and
inhibits microtubule polymerization [4]. The drug has
broad anti-tumor activity in preclinical models [9, 14] and
has undergone phases I and II trials in adults, and phase I
testing in children [1–3, 8, 10]. The clinical experience
with ABT-751 in central nervous system tumors is lim-
ited, but on the 7-day dosing schedule, one patient with
an anaplastic astrocytoma experienced a 21% reduction
in tumor size and stable disease for 39 weeks [5].

The cerebrospinal Xuid (CSF) penetration of the
standard tubulin-binding agents, such as the vinca alka-
loids and taxanes, is low [6, 7]. These agents are natural
products and are large molecules (molecular weight
>800). They are also substrates for P-glyprotein (P-gp),
which is highly expressed in brain capillary endothelial
cells and the choroid plexus epithelium [13], which are
the anatomic sites of the blood:brain barrier and
blood:CSF barrier, respectively. P-gp may play a role
in excluding these agents from the central nervous sys-
tem. ABT-751 is a smaller molecule (molecular weight,
371 amu) and is not a P-gp substrate [9, 14], suggesting
that ABT-751 may have more substantial penetration
into the central nervous system.
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We investigated the CSF penetration of ABT-751
after an intravenous dose in a non-human primate
model that has been predictive of the central nervous
system pharmacology of anticancer drugs in humans
[11]. The plasma pharmacokinetics after intravenous
dosing is also presented.

Materials and methods

Drug

ABT-751 (chemical name, N-[2-[(4-hydroxyphe-
nyl)amino]-3-pyridinyl]-4-methoxybenzenesulfonamide),
was provided by Abbott Laboratories and adminis-
tered to animals intravenously over 15–42 min at a
dose of 7.5 mg/kg (150 mg/m2). ABT-751 was dissolved
in polyethylene glycol and normal saline or D5W (50%
V:V in the Wrst two animals, 35% V:V in the third and
fourth animals). The drug concentration in the infusate
was 3 mg/ml in the Wrst animal and 1.5 mg/ml in the
subsequent animals. The drug solution was sterilized
by passing it through a 0.22 �m Millipore Wlter and
then infused into the animals through a central venous
catheter.

Animals

Four adult Rhesus monkeys (Macaca mulatta) ranging
in weight from 11.8 to 15.3 kg were used for this study.
The experimental protocol was reviewed and approved
by the National Cancer Institute’s Animal Care and
Use Committee. Animals are fed NIH Open Formula
Extruded Non-human Primate Diet twice daily and
group-housed in accordance with the Guide for the
Care and Use of Laboratory Animals [12]. Blood sam-
ples were drawn through a temporary saphenous vein
catheter, placed contralateral to the site of drug admin-
istration. CSF was drawn from a chronically indwelling
fourth ventricular Pudenz catheter that is attached to a
subcutaneously implanted Ommaya reservoir [11]. The
reservoir was pumped prior to and after each sample.

Experiments

Blood samples (3 ml) were collected in tri-potassium
EDTA tubes prior to ABT-751 infusion, and at 5–
10 min into the infusion, at the end of the infusion, and
then approximately 0.5, 1, 2, 4, 6, 8, 10, and 24 h after
the end of infusion. Plasma was separated by centri-
fuge at 0–5°C within 1 h after collection. CSF samples
were drawn prior to the infusion, then approximately
0.5, 1, 2, 4, 6, 8, 10, and 24 h after the end of infusion.

All plasma and CSF samples were frozen at ¡70°C
until assayed. The Wrst animal that received the drug
did not have an Ommaya reservoir. The purpose of this
Wrst experiment was ensure the safety and tolerability
of the dose and route of administration of ABT-751 in
the animal model prior to administering the agent to
animals with Ommaya reservoirs. Plasma samples only
were obtained from this Wrst animal, and plasma and
CSF samples were obtained from the subsequent three
animals.

Sample analysis

Concentrations of ABT-751 were quantiWed in plasma
and CSF with a validated HPLC-MS/MS assay. The
drug was separated from the plasma using liquid-liquid
extraction with a mixture of ethyl acetate and hexane.
Plasma (0.2 ml) was combined and brieXy vortexed
with 50 �l of internal standard (A-318730; prepared in
acetonitrile:0.1% TFA [10:90, by volume]) in a 96-well
plate. The samples were extracted by vortexing with
1 ml ethyl acetate:hexane (1:1 by volume), the plate
was centrifuged at 2,000 rpm for 2 min; the upper
organic layer was automatically transferred to a clean
96-well plate (Tomtec Quadra Dispenser) and evapo-
rated to dryness with a gentle stream of dry nitrogen at
low heat (»37°C). The samples were reconstituted by
vortexing with 0.5 ml mobile phase. CSF (0.15 ml) was
combined with 50 �l internal standard and vortexed
prior to hPLCMS/ MS analysis.

Spiked standards were prepared in both blank mon-
key plasma and phosphate buVered saline (CSF substi-
tute). Spiked standards were analyzed simultaneously
with the samples. ABT-751 and the internal standard
were separated from each other and co-extracted con-
taminants on a 100 x 3 mm Keystone Aquasil 5 �m C18
column with an acetonitrile:0.1% triXuoroacetic acid
mobile phase (40:60, by volume) at a Xow rate of
0.7 ml/min. Analysis was performed on a Sciex
API3000™ Biomolecular Mass Analyzer with a turbo-
ionspray interface using MRM detection at m/z
372.1 ! 201.2 for ABT-751 and m/z 368.3 ! 181.3 for
the internal standard. Peak areas were determined
using Sciex MacQuan™ software.

The plasma standard curve was linear (correlation
coeYcient > 0.999) over the concentration range 0.15–
14.67 �M, with mean accuracy values from 96.7 to
109.3%. Samples with concentrations above the linear
range of the standard curve were diluted prior to analy-
sis. The limit of quantiWcation was estimated to be
»0.016 �M from a 0.2 ml plasma sample. The CSF
ABT-751 standard curve was linear (correlation
coeYcient > 0.993) over the concentration range
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0.030–2.93 �M, with mean accuracy values from 92.3 to
103.6%. The limit of quantiWcation was estimated to be
»0.016 �M from a 0.15 ml CSF sample. All plasma and
CSF samples from the four experiments were assayed
in a single batch. The intra-day coeYcients of variation
for the assay were <6%.

Pharmacokinetic analysis

The area under the concentration versus time curve
(AUC) in plasma and CSF was derived using the linear
trapezoid method and extrapolated to inWnity (AUC0–1)
by adding Clast/�, where Clast is the ABT-751 concentra-
tion at the last measurable time point and � is the elim-
ination rate constant, which was estimated using linear
regression of the terminal portion of the log-trans-
formed concentration time curve. The percentage of
drug penetrating into the CSF was derived from the
ratio of the AUC0–1 in CSF to the AUC0–1 in plasma.
The half-life was determined by dividing 0.693 by the
elimination rate constant, and the clearance was
derived from dose/AUC0–1. The volume of distribu-
tion at steady state (Vdss) and the mean residence time
(MRT) were calculated from the AUC and the area
under the moment curve.

Results

After a short intravenous infusion of ABT-751, the
peak plasma concentration (at the end of the infusion)
averaged 44 § 3 �M. Disappearance of the drug from
plasma was bi-exponential (Fig. 1) with a mean termi-
nal half-life of 13 h. Pharmacokinetic parameters
derived from the plasma drug ABT-751 concentrations
for the four individual animals are listed in Table 1.
The mean § SD clearance was 100 § 18 ml/min m2, the
mean § SD Vdss was 1.3 § 0.5 l/kg and the mean § SD
MRT was 4.6 § 1.8 h.

ABT-751 was measurable in CSF at the Wrst time
point (0.25–0.65 h after the end of the short infusion)

and the peak concentrations were at this Wrst time
point in all three animals. The mean § SD Cmax in CSF
was 0.26 § 0.08 �M, which was well below the peak
plasma concentration. ABT-751 disappeared from CSF
rapidly (Fig. 1) with a mean § SD half-life of
1.3 § 0.3 h. The more prolonged terminal elimination
phase observed in the plasma drug concentration was
not observed in CSF, but may have been below the
level of detection of the assay. Pharmacokinetic
parameters derived from the CSF ABT-751 concentra-
tions are listed in Table 2. The mean § SD
AUCCSF:AUCplasma was 1.12 § 0.34%.

All animals tolerated the dose of 7.5 mg/kg. The Wrst
two animals were transiently pale and somewhat
lethargic after the infusion of ABT-751 over 0.25 and
0.33 h. These symptoms were not observed in the third
and fourth animals that received 0.7 h infusions. The
Wrst and third animal showed signs of nausea around
the time of the infusion. No other toxicities were
observed during or after the infusion and all animals
were asymptomatic 24 h after the dose.

Table 1 Plasma pharmacokinetic parameters for ABT-751 after a short intravenous infusion of 7.5 mg/kg (150 mg/m2) in four non-
human primates

AUC0–last the area under the concentration–time curve to the last measured time point (24 h); AUC0–1 the AUC extrapolated to inWnity;
EOI the plasma concentration at the end of the infusion; Vdss the volume of distribution at steady state; and MRT the mean residence
time

Animal AUC0–last 
(�M h)

AUC0-1 
(�M h)

EOI 
(�M)

Half-life 
(h)

Clearance 
(ml/min m2)

Vdss 
(l/kg)

MRT (h)

R829 59.8 62.1 44.9 11.5 125 1.40 3.73
B9078 63.9 67.3 39.9 18.2 99.5 1.28 4.27
15398 67.3 75.5 44.2 15.4 89.2 1.93 7.23
G4 77.4 79.1 47.7 6.66 84.7 0.774 3.05

Fig. 1 Mean and standard deviation (error bars) plasma (circle)
and CSF (squares) ABT-751 concentration–time proWles from
the three animals that had CSF sampling via the Ommaya
reservoir
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Discussion

We used a non-human primate model that is predictive
of the CSF pharmacology of anticancer drugs in
humans to study the plasma disposition and CSF pene-
tration of ABT-751 after a short intravenous infusion.
The drug exposure (AUC) in CSF was limited (1.1%)
relative to the exposure to ABT-751 in plasma.

The prolonged terminal elimination phase of ABT-
751 in plasma was not detected in the CSF, presumably
because the CSF concentrations had dropped below
the level of detection of the assay before reaching the
terminal phase. This could result in an underestimation
of the AUCCSF. In order to assess the impact of missing
a terminal CSF elimination phase that is parallel to that
seen in plasma, the AUC in CSF can be extrapolated to
inWnity using the terminal rate constant in plasma
rather than the terminal rate constant in CSF. This
recalculation results in a 43% higher AUCCSF, but the
mean AUCCSF:ACUplasma using this recalculated
AUCCSF is 1.6%, which is not substantially higher than
the 1.1% derived by using the CSF terminal slope to
extrapolate the AUCCSF to inWnity.

CSF protein levels are substantially lower than pro-
tein levels in plasma, and drugs that are highly protein-
bound in plasma, like ABT-751, which is 99.6–99.7%
protein-bound in monkey plasma in vitro (ABT-751
Investigational Drug Brochure), will generally have
very limited CSF penetration when total (protein-
bound + free) CSF drug concentrations are compared
to total plasma drug concentrations. Drug eVect is usu-
ally dependent on free drug concentration at the eVect
site. With this highly (>99%) protein-bound agent,
CSF concentrations approximate free drug concentra-
tions in plasma, suggesting that the non protein-bound
drug can readily cross the blood–CSF barrier, albeit at
very low concentrations.

Peripheral neuropathies are a prominent toxicity of
most tubulin-binding agents, including ABT-751, but
the incidence of central nervous system toxicity from
the tubulin-binding agents is low. The limited central
nervous system drug penetration of the tubulin-binding

agents may account for these diVerential peripheral
and central nervous system toxic eVects and may
enhance the therapeutic indices of these drugs.

In conclusion, after an intravenous infusion of ABT-
751 to non-human primates, the penetration of drug
into the CSF was limited, which is consistent with the
extensive plasma protein binding of the drug. CSF
ABT-751 concentrations approximated free (non pro-
tein-bound) drug concentrations in plasma estimated
from the previously measured extent of protein bind-
ing in monkey plasma in vitro.
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