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Abstract Purpose: BMS-310705, a novel semisynthetic
derivative of epothilone B, is a tubulin-polymerization
agent currently in phase I clinical trials for anticancer
therapy. The in vitro and in vivo pharmacokinetics and
oral bioavailability of BMS-310705 were investigated in
mice, rats, and dogs. In addition, comparison of the
pharmacokinetics of BMS-310705 using various formu-
lations was conducted in rats. Methods: The perme-
ability of BMS-310705 was evaluated in Caco-2 cells, an
in vitro model of the human intestinal epithelium. Hu-
man liver microsomes were used to determine the cyto-
chrome P450 enzymes involved in the metabolism of
BMS-310705. Plasma protein binding of BMS-310705
was determined in mouse, rat, dog, and humans. BMS-
310705 was administered to female nude mice as single
doses of 5 mg/kg intravenously or 15 mg/kg orally.
Male Sprague-Dawley rats were treated with single do-
ses of BMS-310705 either intraarterially (2 mg/kg) or
orally (8 mg/kg). The effect of Cremophor on the
pharmacokinetics of BMS-310705 was evaluated in rats
using various formulations with and without Cremo-
phor. Male dogs were treated with 0.5 mg/kg intrave-
nously or 1 mg/kg orally in a crossover study design.
Results: Systemic clearance of BMS-310705 was high in
mice (152 ml/min/kg), rats (39 ml/min/kg), and dogs
(25.7 ml/min/kg). The volume of distribution (Vss) in
mice, rats, and dogs was 38, 54, and 4.7 1/kg, respec-
tively, and greater than total body water. BMS-310705
showed moderate binding to plasma proteins in all four
species tested. The clearance in humans may be inter-
mediate to high based on both allometric scaling using
parameters obtained from three species, and in vitro
human liver microsomal stability data. In rats, the
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presence of Cremophor in the formulation resulted in a
significant increase in exposure compared to buffered
vehicles not containing Cremophor. Inhibition of p-
glycoprotein and/or CYP3A4 by Cremophor may be
responsible for this phenomenon, and studies in Caco-2
cells and human liver microsomes suggested that BMS-
310705 may be a substrate for both p-glycoprotein and
CYP3A4. The oral bioavailability of BMS-310705 in pH
buffered formulations was 21% in mice, 34% in rats and
40% in dogs. Conclusion: In summary, BMS-310705 is
cleared rapidly and distributes extensively in mice, rats,
and dogs. The presence of Cremophor in the formula-
tion could significantly increase exposure in rats, possi-
bly due to interactions with p-glycoprotein and/or
CYP3A4. Oral bioavailability using formulations not
containing Cremophor were found to be adequate,
suggesting potential for development of BMS-310705 as
an oral anticancer drug.

Keywords Pharmacokinetics - Bioavailability -
Formulation - Metabolism epothilone - Allometric
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Introduction

The epothilones are a novel class of microtubule-stabi-
lizing compounds which have potential for anticancer
therapy [2, 7, 10]. The epothilones were isolated from the
fermentation of the myxobacterium Sorangium cellulo-
sum [7]. The cytotoxic activities of epothilones have been
linked to binding with tubulin and stabilization of
microtubules resulting in mitotic arrest at the G,/M
transition and consequent cell death [2, 10]. The epo-
thilone chemotype offers an alternative to the taxanes, as
activity is seen against paclitaxel-resistant cancer cells,
including both the MDR and tubulin mutation modes of
resistance [2, 10].

The natural products epothilone A and B show only
modest in vivo activity despite their potent in vitro
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activities [11]. Analogs to improve the in vivo activity of
this chemical class have been pursued and over 300
semisynthetic analogs have been made and tested [3, 9,
11, 17]. BMS-310705 is an aqueous soluble, chemically
stable C-21 substituted derivative of epothilone B
(Fig. 1) [12]. In studies in mice implanted with human
tumor xenografts, BMS-310705 has shown antitumor
activities that were superior to paclitaxel, epothilone B,
or epothilone D [12]. BMS-310705 is currently in phase 1
clinical trials [13, 18].

In this report we describe the in vitro and in vivo
pharmacokinetic characteristics of BMS-310705 in mice,
rats, and dogs. Since Cremophor-containing formula-
tions were utilized in early studies, the effect of Cremo-
phor on the pharmacokinetics of BMS-310705 was
evaluated in rats.

Materials and methods
Chemicals

BMS-310705 was synthesized in the Oncology Chemis-
try Department at Bristol-Myers Squibb Pharmaceutical
Research Institute. Hank’s balanced salt solution
(HBSS) and N-2-hydroxyethylpiperazine-N’-2-ethane-
sulfonic acid (HEPES) were purchased from Sigma
Chemical Co. (St. Louis, Mo.). All other chemicals used
were reagent grade or better.

p-Glycoprotein substrate assay using Caco-2 cells

Caco-2 cells (American Type Culture Collection, Rock-
ville, Md.) were seeded onto 24-well polycarbonate filter
membranes at a density of 100,000 cells/cm”. The per-
meability studies were conducted with the monolayers
cultured for approximately 21 days in culture. Prior to all
experiments, the transepithelial electrical resistance
(TEER) was measured to ensure the integrity of the Caco-
2 monolayers. The transport medium buffer was modified
Hank’s balanced salt solution containing 10 mM HE-
PES. The pH of both the apical and basolateral com-
partments was 7.4. The concentration of BMS-310705
used in the p-glycoprotein substrate assay was 50 uM
(20 mM stock solution made in DMSO). The bidirec-
tional permeability studies were initiated by adding an
appropriate volume of buffer containing BMS-310705 to

Fig. 1 Chemical structure of BMS-310705

either the apical (apical to basolateral transport) or ba-
solateral (basolateral to apical transport) side of the
monolayer (n=3). Samples were taken from both the
apical and basolateral compartments at the end of a 2-h
incubation period and the concentrations of test com-
pound were analyzed for BMS-310705 using a HPLC
method with UV detection. Permeability coefficient (Pc)
was calculated according to the following equation: Pc =
dA/(dtxSxCo), where dA/dt is the flux of BMS-310705
across the monolayer (nmol/s), S is the surface area of the
cell monolayer, and Co is the initial concentration of
BMS-310705 in the donor compartment. The Pc values
were expressed as nanometers per second.

Incubations with human liver microsomes
and Supersomes

BMS-310705 was incubated with human liver micro-
somes along with compounds specific for the inhibition
of individual cytochrome P450s (CYPs) commonly in-
volved in drug metabolism. Human liver microsomes
were purchased from In Vitro Technologies (Baltimore,
Md.) and were pooled from seven individual donors. The
rates of oxidative metabolism were measured under the
following conditions: 20 pM BMS-310705 (20 mM stock
solution made in acetonitrile), 1 mg/ml microsomal
protein, 1 mM NADPH, and 56 mM phosphate buffer
(pH 7.4) (n=2). Reaction phenotyping studies to deter-
mine the CYPs involved in the metabolism of BMS-
310705, were carried under similar conditions using a
10 pM starting concentration of BMS-310705 (n=1).
The inhibitors used in the reaction phenotyping assays
were: furafylline (CYP1A2), sulfaphenazole (CYP2C9),
tranylcypromine (CYP2C19), quinidine (CYP2D6),
troleandomycin ~ (CYP3A4), and  ketoconazole
(CYP3A4). The inhibitors were dissolved in either ace-
tonitrile (furafylline, sulfaphenazole, tranylcypromine)
or methanol (quinidine, troleandomycin, ketoconazole).
Inhibitor concentrations were selected to give maximum
specific inhibition [15]. Organic solvent content from the
addition of inhibitors was 0.5% and control incubations
containing the appropriate solvent compositions were
run. BMS-310705 was also incubated with human CYPs
obtained from insect cells that expressed a single CYP
enzyme (Supersomes obtained from Gentest Co., Wo-
burn, Mass.). The conditions for these incubations were
as follows: 50 pmol/ml CYP enzyme, 10 pM BMS-
310705 (20 mM stock solution made in acetonitrile),
1 mM NADPH, and 56 mM potassium phosphate (pH
7.4) (n=1). The extent of metabolism was calculated
based on disappearance of the parent compound. Sam-
ples were analyzed by LC/MS/MS.

Plasma protein binding

The extent of protein binding of BMS-310705 was
determined in fresh mouse, rat, dog, and human plasma



by ultrafiltration using the Amicon Centrifree micro-
partition device (Amicon, Beverly, Mass.), type S0A
(molecular weight cutoff 50,000). For determination of
plasma protein binding, plasma samples (approximately
1 ml) containing BMS-310705 at a concentration of
20 uM (n=2) were prepared, transferred to the micro-
partition device and centrifuged at 1000 g for 20 min at
room temperature to obtain ultrafiltrate. The free frac-
tion was determined from the ratio of BMS-310705
concentration in the ultrafiltrate to that in the plasma.
The nonspecific binding to the ultrafiltration unit was
determined by performing the same procedure in buffer.

In vivo animal studies

All procedures used in animal studies were approved by
the Bristol-Myers Squibb Institutional Animal Care and
Use Committee.

Pharmacokinetics and oral bioavailability in mice

Female nude mice were obtained from Harlan Sprague
Dawley Co. (Indianapolis, Ind.). A total of 30 mice were
dosed, 15 by the intravenous (IV) route and 15 by the
oral route. BMS-310705 was dissolved in a mixture of
Cremophor/ethanol/water (1:1:8, v/v) for the IV dose
(5 mg/kg) and Cremophor/ethanol/phosphate buffer,
1 M, pH 8 (1:1:8, v/v) for the oral dose (15 mg/kg).
Plasma concentrations in nude mice (=3 at each time
point) after IV bolus and oral administration of BMS-
310705 were measured at 10 min, 45 min, and 2, 4 and
6 h after dosing.

Pharmacokinetics and oral bioavailability in rats

Adult male Sprague-Dawley rats were obtained from
Charles River Laboratories (Wilmington, Mass.). Rats
were surgically prepared with an indwelling jugular vein
cannula. Rats that were given an intraarterial (IA) dose
had an additional indwelling carotid artery cannula.
Rats were fasted overnight prior to dosing and fed
approximately 4 h after dosing. Water was provided ad
libitum throughout the study. The pharmacokinetics of
BMS-310705 were investigated in rats following a single
dose either TA (2 mg/kg) as a 10-min infusion or orally
by gavage (8 mg/kg). A total of nine rats were divided
into three groups, two IA groups and one oral group,
with three rats in each group. The vehicles used for the
IA dosing were Cremophor/ethanol/water (1:1:8, v/v)
and ethanol/phosphate buffer, 0.05 M, pH 7.4 (6:94, v/
v). The vehicle for the oral dose was ethanol/phosphate
buffer, 0.3 M, pH 8 (18:82, v/v). Plasma levels of BMS-
310705 were monitored for 48 h after dosing. Samples
were collected at 10, 15, 30, and 45 min, and 1, 2, 4, 6, 8,
10, 24, and 48 h. Approximately 250 pl of blood was
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collected from the jugular vein catheter into heparinized
tubes and plasma was obtained by centrifugation at 4°C.

Pharmacokinetics and oral bioavailability in dogs

The pharmacokinetics of BMS-310705 were investigated
in fasted male beagle dogs following a single IV dose
(n=3, 0.5 mg/kg) as a 10-min infusion and as an oral
dose by gavage (n=3, 1 mg/kg) in a cross-over study
design. The vehicle used for the IV dose was propylene
glycol/ethanol/phosphate  buffer, 0.05 M, pH 7.4
(40:5:55, v/v) and the vehicle for the oral dose was
propylene glycol/ethanol/phosphate buffer, 0.3 M, pH 8
(40:5:55, v/v). The dogs were fed 6 h after dosing.
Plasma levels of BMS-310705 were monitored for 24 h
after dosing. Samples were collected at 0.167, 0.25, 0.5,
0.75, 1, 2, 4, 6, 8, 12, and 24 h after dosing. Approxi-
mately 1 ml of blood was collected into heparinized
tubes and plasma was obtained by centrifugation at 4°C.

Sample analysis

BMS-310705 was unstable in mouse, rat, and dog plas-
ma at 37°C, but was found to be stable when placed on
ice for up to 2 h. Addition of acetonitrile to plasma
followed by freezing also stabilized the compound, and
this procedure was adopted for handling of plasma
samples from all studies. Plasma concentrations of
BMS-310705 were analyzed by a specific LC/MS/MS
method. Plasma samples were deproteinized with three
volumes of acetonitrile. Standard and quality control
(QC) samples were prepared in plasma and deprotei-
nized in the same manner as the study samples. All
samples were centrifuged and 200 pl of each resulting
supernatant was mixed with 50 pl internal standard
(500 ng/ml of BMS-247550 in acetonitrile). The resulting
solution was evaporated to dryness under a stream of
nitrogen at 40°C. The dried extracts were reconstituted
in 50 pl of the mobile phase A (described below), a 10-ul
portion of which was analyzed by LC/MS/MS.

The HPLC system consisted of two Shimadzu
LC10AD pumps, a Perkin Elmer Series 200 autosampler
and a Hewlett Packard Series 1100 column compart-
ment. The column used was a Keystone BDS-C18
2x20 mm, 3 pm particle size, maintained at 60°C and a
flow rate of 0.3 ml/min. The mobile phase consisted of
10 mM ammonium acetate in 75:25 water/methanol
mixture, pH 5.5 (A) and 10 mM ammonium acetate in
methanol (B). The initial mobile phase composition was
95% A/5% B. After sample injection, the mobile phase
was changed to 5% A/95% B over 1 min and held at
that composition for an additional 1 min. The mobile
phase was then returned to initial conditions and the
column re-equilibrated for 0.5 min. Total analysis time
was 2.5 min. The HPLC was interfaced to a Micromass
Quattro LC tandem mass spectrometer equipped with
an clectrospray interface. UHP nitrogen was used as the
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nebulizing and desolvation gas at flow rates of 100 1/h
for nebulization and 900 1/h for desolvation. The des-
olvation temperature was 350°C and the source tem-
perature was 150°C.

Data acquisition was via selected reaction monitor-
ing. Tons representing the (M +H) ™ species for both the
analyte and internal standard were selected in MS1 and
collisionally dissociated with argon at a pressure of
1.5x1073 T to form specific product ions which were
subsequently monitored by MS2. The transitions mon-
itored were m/z 523.2/335.0 for BMS-310705 and m/z
507.1/489.1 for BMS-247550 (internal standard). Cone
voltage and collision energy were optimized at 45 V and
35 V, respectively, for BMS-310705 and 25 V and 15V
for the internal standard. The retention times for BMS-
310705 and the internal standard were about 1.17 and
1.27 min, respectively. The standard curve for BMS-
310705 ranged from 3.9 ng/ml to 2000 ng/ml. QC sam-
ples at three concentrations within the range of the
calibration curve were also analyzed in duplicate with
each analytical set. For BMS-310705, the predicted
concentrations of at least two-thirds of the QC samples
were generally within 20% of the nominal concentra-
tion, indicating acceptable assay performance.

Samples obtained from the Caco-2 permeability
study were analyzed by HPLC-UV. The HPLC system
consisted of a 2690 Waters separation module and a
Waters 996 photodiode array detector (Waters, Milford,
Mass.). The column used was YMC ODA-AQ
4.6x150 mm, 3 pm particle size, maintained at 25°C and
a flow rate of 1 ml/min. Mobile phase A consisted of
95% water, 5% acetonitrile, 0.115% trifluoroacetic acid
and mobile phase B consisted of 5% water, 95% ace-
tonitrile, 0.115% trifluoroacetic acid. The initial mobile
phase composition was 100% A. After injection the
composition was changed to 95% A and 5% B over
1 min followed by 5% A and 95% B over the next
6 min. The system was maintained at this composition
for an additional 7 min then returned to 100% A and
equilibrating for 5 min. Quantitation was based on the
peak area of BMS-310705 in the samples.

Data analysis

Plasma concentration data were analyzed with standard
non-compartmental methods [8] using the KINETICA
software program. Composite plasma concentration-
time profiles were constructed for pharmacokinetic
analysis in the mouse. The C,,., and T,,., values were
recorded directly from experimental observations. The
AUC,, values were calculated using a combination of
linear and log trapezoidal summations. The total body
clearance (Cl), mean residence time (MRT), and the
steady-state volume of distribution (Vss) were also cal-
culated after IV or IA administration. The absolute oral
bioavailability (expressed as a percentage) was estimated
by taking the ratio of dose-normalized AUC values after
oral doses to those after IV or IA doses.

The values for clearance of BMS-310705 found in
mouse, rat, and dog, were used to predict these param-
eters in humans using allometric scaling techniques
based on the body weight of each species [4]. Linear
regression analysis was performed on clearance values
versus body weight values obtained from mouse, rat,
and dog, and clearance values in humans were predicted
from the resulting equation: Cl=ax(body weight)®
where a is the allometric coefficient, and b is the allo-
metric exponent.

Metabolic stability data from human liver micro-
somes and Supersomes were also used to predict clear-
ance values in humans, assuming that clearance was only
via hepatic elimination. The following equations were
used [8]:

Cl = (Q x Clin)/(Q + Cliny)

where Cl;,,, is the intrinsic clearance and Q is the hepatic
blood flow.

The intrinsic clearance was calculated from micro-
somal as well as supersomal stability data, and scaled for
amount of either microsomal protein or CYP protein
per gram liver, respectively.

Using microsomal data, intrinsic clearance was cal-
culated as follows:

Clint = (Rate of metabolism/Concentration of compound)
x (mgmicrosomal protein/gm liver)

x (gm liver/kg body weight)

where concentration = 20 pM, milligrams micro-
somal protein/gram liver weight = 45, and gram liver
weight/kilogram body weight = 87.5 (mouse), 40 (rat),
32 (dog), and 21 (humans).

In Supersome studies, clearance values for the indi-
vidual CYPs were calculated in a similar manner as
shown above in proportion to their relative activities in
the liver (Table 2), and then added to get an estimate of
the total clearance expected.

Results
p-Glycoprotein substrate assay in Caco-2 cells

Caco-2 cells are derived from a human colon carcinoma
and undergo spontaneous differentiation in cell culture
to resemble small intestinal epithelial cells. p-Glyco-
protein is expressed on the apical membrane of the
Caco-2 cells, and differences in bidirectional transport
are used to determine whether a compound is likely to be
a p-glycoprotein substrate. The permeability coefficient
(Pc) of BMS-310705 in the apical to basolateral (A to B)
direction in Caco-2 cells was 15+ 1.2 nm/s at an initial
concentration of 50 pM at pH 7.4. The basolateral to
apical (B to A) Caco-2 cell monolayer permeability was
401 +20 nm/s. The higher B to A permeability resulted
in a high BA/AB ratio of 27. This large difference of



more than tenfold in the bidirectional transport suggests
that BMS-310705 may be a substrate of the p-glyco-
protein transporter.

Incubations with human liver microsomes
and Supersomes

The in vitro rate of oxidation by human liver micro-
somes when tested at a concentration of 20 pM, was
found to be 0.21 nmol/min/mg protein. This corre-
sponds to an intermediate clearance when compared to
hepatic blood flow. Upon incubation of BMS-310705 in
human liver microsomes along with compounds specific
for the inhibition of individual cytochrome P450s, sig-
nificant inhibition (>20%) was found only with the
CYP3A4 inhibitors (Table 1). Upon incubation of
BMS-310705 with human CYPs obtained from insect
cells that expressed a single CYP enzyme, the enzymes
that metabolized BMS-310705 were mainly CYP3A4
and to a lesser extent CYP1A2 and CYP2C9 (Table 2).
Based on the strong inhibition of metabolism with spe-
cific CYP3A4 inhibitors in microsomes, and the
metabolism rates with expressed enzymes, BMS-310705
appears to be a substrate for CYP3A4.

Plasma protein binding

The plasma protein binding was determined by ultrafil-
tration and was found to be 66%, 62%, 77%, and 69%
in mouse, rat, dog, and human plasma, respectively. The
nonspecific binding was found to be 25%. Due to the
presence of nonspecific binding, the extent of protein
binding was likely an overestimate of the true binding.
BMS-310705 thus appears to show only low to moderate
binding to plasma proteins.

Pharmacokinetics and oral bioavailability in mice

Pharmacokinetic parameters of BMS-310705 in mice
obtained after single IV and oral doses of 5 and 15 mg/
kg, respectively, are summarized in Table 3 and the
plasma concentration-time profiles are presented in
Fig. 2. The systemic plasma clearance of BMS-310705 in

Table 1 Inhibition of BMS-310705 metabolism in human liver
microsomes by specific inhibitors of various CYPs

P450 Inhibitor Inhibitor Inhibition (%)
inhibited concentration (uM)

1A2 20 Furafylline 12

2C9 20 Sulfaphenazole <1

2C19 30 Tranylcypromine 7

2D6 15 Quinidine <1

3A4 10 Ketoconazole -~100

3A4 10 Troleandomycin 84
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Table 2 Metabolism of BMS-310705 by human CYPs obtained
from insect cells that express a single CYP enzyme (Supersomes)
(NS not significant)

CYP Rate of Intrinsic clearance Clearance
examined metabolism (ml/min/kg)* (ml/min/kg)®
(pmol/min/pmol CYP)

1A2 0.2 1.1 1.0

2C9 0.2 0.6 0.5

2C19 <0.001 NS NS

2D6 <0.001 NS NS

3A4 0.35 43 3.5

“Intrinsic clearance = (rate of metabolism/concentration)x(pmol
CYP/g liver)x(g liver/kg body weight); where concentration =
10 uM, pmol CYP/g liver=2516 (1A1), 2632 (2C9), 52.2 (2C19),
387 (2D6), 5805 (3A4), and g liver/kg body weight = 21.
Clearance = (Q x intrinsic clearance)/(Q + intrinsic clearance),
where Q is the hepatic blood flow of 20.7 ml/min/kg.

nude mice was rapid (152 ml/min/kg) and greater than
the hepatic blood flow of 90 ml/min/kg in mice [5]. The
steady-state volume of distribution was high (38 1/kg),
greater than total body water [5], indicating significant
extravascular distribution. The estimated half-life was
3.3 h and the mean residence time was 4.2 h. The oral
bioavailability of BMS-310705 in mice was 21%.

Pharmacokinetics and oral bioavailability in rats

Pharmacokinetic parameters of BMS-310705 in rats
obtained after single IA or oral doses are summarized in
Table 4 and the plasma concentration time profiles are
presented in Fig. 3. The systemic plasma clearance of
BMS-310705 with the buffered formulation was rapid at
38.5+15.3 ml/min/kg, representing about 70% of the
hepatic blood flow of 55 ml/min/kg in rats [5]. The
steady-state volume of distribution was high (5419 1/
kg), greater than total body water [5], indicating signif-
icant extravascular distribution. Differences in exposure
of BMS-310705 formulated in different dosing vehicles
were seen after IA administration. The presence of
Cremophor resulted in a fourfold increase in the AUC
compared to the buffered formulation. The clearance
and volume of distribution of BMS-310705 also showed
a corresponding decrease of 4.8-fold and 2.7-fold,

Table 3 Pharmacokinetic parameters of BMS-310705 in mice
(calculated using composite data)

Parameter® v Oral
Dose (mg/kg) 5 15
Cmax (I’IM) - 345
Tmax (h) - 0.17
AUC,, (nMh) 1047 656
T (h) 33 33
MRT (h) 4.2 44
Clearance (ml/min/kg) 152 -
Vss (1/kg) 38 -

Bioavailability (%) - 21
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respectively, in the presence of Cremophor. Oral bio-
availability in this study was 32% using the buffered
formulation as the IA reference.

Pharmacokinetics and oral bioavailability in dogs

Pharmacokinetic parameters of BMS-310705 in dogs
obtained after single IA or oral doses are summarized in
Table 5 and the plasma concentration time profiles are
presented in Fig. 4. The systemic plasma clearance of
BMS-310705 in dogs was rapid (25.7 ml/min/kg), and
represented about 83% of the hepatic blood flow of
31 ml/min/kg [5]. The steady-state volume of distribu-
tion was high (4.7 I/kg) and greater than total body
water [5], indicating significant extravascular distribu-
tion. The estimated half-life was 3.9 h and the mean
residence time was 3.3 h. The oral bioavailability of
BMS-310705 in dogs was 40%.

Table 4 Pharmacokinetic parameters of BMS-310705 in rats. The
data are presented as means+SD

Parameter IA vehicle 1* IA vehicle 2* Oral®
(n=3) (n=3) n=3)
Dose (mg/kg) 2 2 8
Chnax (nM) - - 846 +275
Tumax (h) - - 0.4+0.2
AUC,, (nMh) 8448 £2215  1900+925 2407 +£1279
T (h) 324+5.7 189+74 21.4+£174
MRT (h) 44.2+8.7 25.6+10.0 24.0+19.1
Clearance (ml/min/kg) 7.9+1.8 38.5+153 -
Vss (I/kg) 20.3+2.7 54.1+19.1 -
Bioavailability (%)°  — - 31.7

“Vehicle 1 was Cremophor/ethanol/water (1:1:8 v/v); vehicle 2 was
ethanol/phosphate buffer, 0.05 M, pH 7.4 (6:94 v/v); oral was
ethanol/phosphate buffer, 0.3 M, pH 8 (18:82 v/v).
"The IA reference for bioavailability was vehicle 2

Time (hour)

Prediction of clearance values in humans

Allometric scaling by body weight was used to predict
systemic clearance in humans (Fig. 5). The Ilinear
regression of clearance versus body weight using data
from mouse, rat, and dog, showed very good correlation,
with a coefficient of correlation (R?) of 0.98. The equa-
tion obtained after regression was Cl=42.3x(body
weight)*73, giving a predicted systemic clearance in hu-
mans of 13.7 ml/min/kg (about 66% of the hepatic blood
flow). Since the value of the allometric exponent fell be-
tween 0.7 and 0.8, no further correction factor was nee-
ded. Projected clearance values in humans were also
calculated using data from human liver microsomes and
Supersomes. The systemic clearance was predicted to be
6.7 ml/min/kg (about 32% of the hepatic blood flow)
using human liver microsomal stability data. Studies in
Supersomes showed that three CYPs were involved in the
metabolism of BMS-310705. Addition of clearance val-
ues from the individual CYPs (Table 2) gave a predicted
total clearance of 5.1 ml/min/kg which is similar to the
value obtained from human liver microsomal studies.

Discussion

BMS-310705 was cleared rapidly in mice (152 ml/min/
kg), rats (38.5+15.3 ml/min/kg) and dogs (25.7 ml/min/
kg). The volume of distribution in mice, rats, and dogs
was 38, 54.1, and 4.7 1/kg, respectively (greater than
total body water), signifying extensive extravascular
distribution. The plasma protein binding was moderate
(about 70% in all the species tested). The elimination
half-life of BMS-310705 was similar in mice and dogs
(3.3 h and 3.9 h, respectively) and longer in rats
(18.9+7.4 h). The systemic clearance in humans may be
intermediate to high, ranging from 6.7 to 13.7 ml/min/
kg, based on in vitro human liver microsomal stability
data, and allometric scaling using clearance parameters
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Table 5 Pharmacokinetic parameters of BMS-310705 in dogs. The
data are presented as means+SD

Parameter IV (n=2)* Oral (n=23)
Dose (mg/kg) 0.25 1

Cunax (NM) - 504+ 120
Thax (h) - 0.6+0.1
AUC,y (nMh) 320 523+76.5
Ty (h) 39 3.1+£0.8
MRT (h) 3.3 24403
Clearance (ml/min/kg) 25.7 -

Vss (1/kg) i -
Bioavailability (%) - 40 (29, 51)°

41V data were available for only two dogs.
*Individual bioavailability values for two dogs

obtained from three species, respectively. Both in vitro
methods predicted very similar clearance values which
were also reasonably close to that predicted by allome-
try. BMS-310705 was found to be a strong p-glycopro-
tein substrate, which could potentially decrease its

60

Time (hour)

intestinal absorption and hence its oral bioavailability.
Despite this, the oral bioavailability of BMS-310705 in
pH-buffered vehicles was found to be reasonably good
at 21% in mice, 32% in rats, and 40% in dogs.

In rats, the presence of Cremophor in the IA formu-
lation resulted in a significant increase in the AUC
compared to the formulations not containing Cremo-
phor. Studies, both in vitro and in vivo, have shown that
Cremophor EL can affect the pharmacokinetics of many
compounds [6, 14, 16, 19-21]. Several mechanisms have
been proposed to explain these effects of Cremophor
including inhibition of p-glycoprotein or other efflux
transporters, inhibition of CYP3A4, and alteration of
membrane fluidity. Sparreboom et al. [19] have suggested
that the higher paclitaxel plasma levels observed when
paclitaxel is coadministered with Cremophor are asso-
ciated with encapsulation of drug within Cremophor
micelles leading to changes in cellular partitioning and
hence in the blood/plasma concentration ratios of pac-
litaxel. BMS-310705 appears to be a substrate of p-gly-
coprotein, and inhibition of p-glycoprotein-mediated

Fig. 4 Plasma concentrations
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Fig. 5 Allometric scaling of clearance values

elimination pathways by Cremophor may be one of the
causes of increased systemic exposure to BMS-310705 in
the presence of Cremophor. In addition, inhibition of
CYP3A4 by Cremophor decreasing the metabolism of
BMS-310705 may also play a role in the increased
exposure observed. Since pH-buffered formulations not
containing Cremophor provided good exposure and
bioavailability, Cremophor was not used in further
development studies with BMS-310705 and the buffered
vehicle was selected for further toxicological and clinical
testing.

In summary, the preclinical pharmacokinetics of
BMS-310705 were found to be acceptable for compound
advancement and BMS-310705 is currently in phase I
clinical trials [13, 18]. The presence of Cremophor in the
formulation could affect BMS-310705 pharmacokinetics
as evidenced from studies in rats, and should be avoided.
Oral bioavailability using formulations not containing
Cremophor were found to be adequate, suggesting po-
tential for development of BMS-310705 as an oral
anticancer drug.
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