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Abstract Purpose: Paclitaxel (Taxol) is an effective
agent against a broad range of human cancers. Studies
on the metabolism and disposition of paclitaxel have
shown that it is primarily eliminated via hepatic
metabolism by P450 enzymes (2C8 and 3A4) to essen-
tially inactive metabolites, and that biliary and gut
transport by P-glycoprotein (PGP) as well as urinary
elimination of the parent compound play relatively
minor roles. Recent studies in vitro have shown that
paclitaxel treatment increases the level of CYP2C8 and
CYP3A4 in human hepatocytes as well as PGP in colon
tumor cells. The data suggest that previous paclitaxel
exposure may influence metabolism and elimination of
subsequent doses. Further, since weekly paclitaxel dose
schedules are becoming more common as opposed to the
original every 21-day dosing, the likelihood of enzyme
induction from previous doses impacting that from
subsequent doses is increased. Methods: To study the
potential for such sequence-dependent alterations in
paclitaxel pharmacokinetics, we carried out pharmaco-
kinetic studies in mouse plasma and tissues following
day 1 and days 1 and 5 dosing at 20 mg/kg. Paclitaxel
concentrations were determined by a sensitive LC/MS/
MS assay out to 16 h post-dosing in plasma, liver, kid-
ney, gut and heart. The effect of paclitaxel treatment on
hepatic expression of PGP and P450 isoforms (CYP2C
and CYP3A) was determined to elucidate the mecha-
nism by which paclitaxel disposition is altered by pre-
vious drug exposure. Results: Pharmacokinetic analysis
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of the data showed that plasma and tissue AUC values
after treatment on day 5 following a dose on day 1 were
between 50% and 74% of those determined following a
single dose on day 1. The terminal elimination half-life
was not different. Activity and protein levels for CYP2C
in liver were elevated at 24 and 96 h after paclitaxel
dosing. Cremophor EL, a carrier solvent for paclitaxel,
also caused elevated CYP2C activity. Neither CYP3A
nor PGP levels in liver were altered by paclitaxel or
Cremophor EL treatment at the 24-h and 96-h time
points. The levels of 6a-OH-paclitaxel in feces were in-
creased on day 5 as opposed to day 1 while paclitaxel
levels in feces were unchanged. Conclusions: The results
of our studies showed that paclitaxel pharmacokinetics
are altered by previous paclitaxel exposure up to 96 h
earlier.

Keywords Paclitaxel - Cytochrome P450 -
Pharmacokinetics - P-glycoprotein - Mice

Introduction

Paclitaxel (PTX) is a member of a class of antitumor
agents known as the taxanes. Taxanes act by interacting
with tubulin microtubes [21] thus preventing normal
mitosis, and show cell cycle specificity for cytotoxicity,
being much more toxic to mitotic cells than interphase
cells [15]. The taxanes have shown considerable activity
in the treatment of breast, ovarian and non-small-cell
lung cancer [12], and are currently being investigated in
combination therapy for a number of cancers with other
chemotherapeutic agents.

Following intravenous administration of PTX, the
drug is extensively distributed to most tissues, but is
excluded from the central nervous system and testes [4,
6, 13]. The major route of elimination is hepatic
metabolism by CYP2C8 and CYP3A4, the human
cytochrome P450s responsible for the biotransformation
of PTX, and subsequent biliary elimination [9, 20].



Studies have also shown that transport of PTX mediated
by P-glycoprotein (PGP) plays a role in the elimination
kinetics as well as limiting oral bioavailability [25, 30].
Therefore, alterations in P450 and/or PGP expression
could be expected to alter PTX pharmacokinetics.

A complicating factor in PTX pharmacokinetics is
that it is administered as a pharmaceutical preparation
containing 50% Cremophor EL and 50% dehydrated
ethanol. Cremophor EL is known to alter the pharma-
cokinetics of PTX in both mice [26] and humans [31].
The mechanisms by which Cremophor EL affects
pharmacokinetics are thought to involve alterations in
plasma drug partitioning due to micelle-like structures
carrying the PTX in the plasma [10, 27], hemodynamic
changes [3] and alteration in PGP function [23].

PTX has been shown to activate the steroid and
xenobiotic receptor (SXR) to regulate expression of
CYP3A4 and PGP in human cells [29]. The potential to
modulate its own metabolism and elimination suggests
that the pharmacokinetics of PTX may differ across
courses of treatment and contribute to interpatient
variability. Further, clinical success of weekly PTX
dosing [7] may increase the potential for altered
metabolism due to decreased interdose time compared
to traditional protocols. The studies presented here
address the potential for course-dependent changes in
PTX pharmacokinetics using an in vivo model by
determining changes in pharmacokinetics and PTX-
dependent changes in P450 and PGP expression in
mouse liver.

Materials and methods
Chemicals and reagents

PTX was purchased from the University of Colorado
Hospital Pharmacy. Docetaxel was purchased from
LKT laboratories (St. Paul, Minn.). Cremophor EL was
purchased from Aldrich Chemical Co. (Milwaukee,
Wis.). Bovine serum albumin, erythromycin, formalde-
hyde, glucose-6-phosphate, glucose-6-phosphate dehy-
drogenase, glutathione (reduced), glycine, HEPES,
Ipegal CA-630, magnesium chloride, NADP ™, phenyl-
methylsulfonyl fluoride, sodium chloride, sodium dode-
cyl sulfate, Tris and Tween 20 were purchased from
Sigma Chemical Co. (St. Louis, Mo.). Acetonitrile,
ammonium acetate and methanol were purchased from
Fisher Scientific (Pittsburgh, Pa.). All other reagents
were of analytical grade.

Study design and animal treatments

Female, Balb/c mice (8-10 weeks old) were purchased
from Charles River Laboratories (Wilmington, Mass.)
and allowed to acclimatize for 7 days. Animals were
housed three per cage in polycarbonate cages and kept
on a 12-h light/dark cycle. Food and water were given ad
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libitum. Following acclimation, mice were randomly
divided into two groups for the pharmacokinetic studies
and three groups for the PGP and P450 induction
studies and were treated via intravenous injection (tail
vein) as shown in Fig. 1. All studies were conducted in
accordance with the National Institutes of Health
guidelines for the care and use of laboratory animals,
and animals were housed in a facility accredited by the
American Association for Accreditation of Laboratory
Animal Care (AAALACQC).

Following treatment, animals were killed by cardiac
stick exsanguination under isoflurane anesthesia and
tissue and blood samples were collected at 15 and
30 min, and 1, 2, 8, 12 and 16 h following the PTX
injection for pharmacokinetic studies. Plasma, heart, li-
ver, kidney and intestine were removed, frozen in liquid
nitrogen, and stored at —80°C prior to extraction and
analysis. Animals killed at the 8-, 12- and 16-h time
points were housed in metabolic cages and feces col-
lected for analysis of drug content. For studies mea-
suring the induction of PGP, CYP3A4 and CYP2CS8
following Cremophor EL or PTX treatment, liver tissue
was collected at 24 and 96 h after PTX treatment and
frozen in liquid nitrogen and stored at —80°C prior to
preparation of membrane-enriched fractions and
microsome isolation.

Analysis of paclitaxel and 6a-OH-paclitaxel

Tissue homogenate (100 pl; 100 mg/ml in water) or
100 ul plasma was spiked with 25 pmol docetaxel (25 ul
of 1 uM; internal standard), mixed and added to 750 pl
of 10 mM ammonium acetate in acetonitrile to

A
Single Dose - PK Sampling
Multiple Dose - mm)  PK Sampling
Day 1 Day 5
(20 mg/kg Paclitaxel) (20 mg/kg Paclitaxel)
B
Untreated
: Measure PGP and P450 at 24
C:;;';}:‘E:;L 4 and 96 hours post-dosing
Paclitaxel
(20 mg/kg)

Fig. 1 Study design schematics for the pharmacokinetic study (a)
and studies determining changes in PGP and P450 expression (b)
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precipitate proteins. Following centrifugation at
10,000 RCF for 10 min, the supernatant was collected,
the volume adjusted to 1 ml with mobile phase and 20 pl
injected onto the LC/MS/MS system. Analyses were
performed with a PE Sciex API-3000 with a turbo ion-
spray source. The LC system consisted of a 150 mm C,g
column (2 mm i.d.) with an isocratic mobile phase
consisting of 65% acetonitrile and 35% 10 mM ammo-
nium acetate. The flow rate was 100 pl/min. The
instrument was operated in the selected reaction moni-
toring (SRM) mode (positive ion), monitoring the ion
transitions from m/z 808 — 226 for docetaxel (internal
standard), m/z 854 — 286 for PTX and m/z 872 — 286
for 60-OH-PTX. The SRM peaks eluted at 7.6 min for
60-OH-PTX, 9.6 min for docetaxel and 10.5 min for
PTX. Chromatographic resolution of the SRM peaks
was necessitated by an ammonium adduct formed with
PTX giving rise to an m/z of 8§72 that mimicked the 6a-
OH-PTX parent—daughter ions.

Immunoblotting for CYP2C, CYP3A and
P-glycoprotein

For immunoblot analysis of PGP in liver samples,
membrane-enriched fractions from liver homogenates
were used. Liver samples were homogenized in ten
times tissue volume of 10 mM Tris (pH 8.6), 140 mM
NaCl, 1.5 mM MgCl,, 1% Ipegal CA-630 and 2 mM
PMSF. Homogenates were then centrifuged at 31,000
RCF for 20 min at 4°C and the resulting supernatant
collected. Liver membrane-enriched fractions (100 pg)
were separated on SDS-PAGE gel (6%) and trans-
ferred to PVDF membranes. Membranes were blocked
for 2 h at room temperature in 2% non-fat dried milk
(NFDM) in TBST (10 mM Tris, pH 7.5, 100 mM
NaCl, 0.1% v/v Tween 20) and then incubated over-
night at 4°C in a 1:500 dilution of rabbit polyclonal
anti-PGP antibody (cat. no. PC03; Oncogene Research
Products, Boston, Mass.) in TBST with 2% NFDM.
Following the overnight incubation with primary anti-
body, membranes were washed three times for 15 min
each with TBST. The secondary antibody (1:3000
dilution in TBST with 2% NFDM), goat anti-rabbit
IgG HRP conjugate (cat. no. sc-2030; Santa Cruz
Biotechnology, Santa Cruz, Calif.), was then added
followed by incubation at room temperature for 2 h.
Following incubation with the secondary antibody, the
blots were washed three times for 15 min in TBST and
developed using an ECL-plus detection kit (Amersham
Biosciences, Piscataway, N.J.) and visualized and
quantitated using a STORM-gel and blot imaging
system (Molecular Dynamics, Sunnyvale, Calif.)
equipped with ImageQuant software (Molecular
Dynamics).

For immunoblot analysis of CYP3A and CYP2C in
mouse liver, microsomal fractions were isolated using a
standard differential centrifugation procedure and total
protein concentration determined. Microsomal protein

samples (5 pg) were separated on 10% SDS-PAGE gels
and transferred to PVDF membranes. The membranes
were blocked overnight at 4°C in TBST with 5%
NFDM. A rabbit polyclonal antibody to CYP3A (cat.
no. AB1253) was purchased from Chemicon Interna-
tional (Temecula, Calif.) and a rabbit polyclonal anti-
body to human CYP2C8 was purchased from Serotec
(Oxford, UK). Human CYP2C8 Supersomes were pur-
chased from Gentest Corporation (Woburn, Mass.) and
used as a positive control for CYP2C blots. Incubation
with the primary antibody dilutions for CYP3A (1:500)
and CYP2C (1:5000) were carried out for 2 h at room
temperature in TBST with 5% NFDM. Following pri-
mary antibody incubation, membranes were washed
three times for 15 min and then incubated with sec-
ondary antibody and developed as described above for
PGP blots.

Determination of CYP2C8 and CYP3A4 enzymatic
activity

CYP2C activity was measured in mouse microsomes
using the P450-Glo CYP2CS8 assay (Promega Corpora-
tion, Madison, Wis.) according to the manufacturer’s
protocol (Promega Technical Bulletin no. 325). A stan-
dard curve using human CYP2C8 Supersomes was used
to show linearity in the assay at the enzyme levels used
and to quantify activity in mouse microsomes in units
relative to the human Supersome activity. To verify the
relationship between the immunoreactive protein from
immunoblot studies and the measured activity, the
ability of the antibody used for immunoblot analysis to
inhibit the measured CYP2C activity in mouse micro-
somes was verified (data not shown). The human
CYP2C8 antibody used for immunoblotting has previ-
ously been shown to be a neutralizing antibody and a
potent inhibitor of CYP2CS8 activity (Serotec product
data sheet). CYP2C activity in mouse microsomes is
expressed as picomoles human CYP2CS equivalents per
milligram microsomal protein.

CYP3A activity was determined spectrophotometri-
cally by measuring the formation of formaldehyde as
previously described [19, 33]. Briefly, microsome isola-
tions were diluted to 60 pg total protein in 100 pl water.
To the microsome sample was added, 4.8 pl 250 mM
erythromycin, 85.2 ul water and 60 pl of assay buffer
(250 n M HEPES/KOH, pH 7.4, 12 mM reduced glu-
tathione and 150 mM MgCl,) and the sample was
incubated at 37°C for 3 min. The reaction was started
with the addition of 30 pl of a NADPH-regenerating
system (100 mM glucose-6-phosphate, 5 mM NADP
and 25 U/ml glucose-6-phosphate dehydrogenase) and
was incubated for 10 min at 37°C. The reaction was
stopped with the addition of 60 pl 40% (w/v) trichlo-
roacetic acid and 300 ul of NASH reagent (5 g ammo-
nium acetate, 100 pl acetyl acetone in 6 ml 3% w/v
acetic acid) was immediately added and the solution
incubated at 65°C for 10 min. The samples were allowed



to cool and the absorbance measured at 412 nm. A
standard curve of formaldehyde was used to quantify
the amount of formaldehyde formed in the reaction.

Total protein determination

Total protein in samples was determined using the BCA
protein assay reagent (Pierce Biochemicals, Rockford,
I1l.) with bovine serum albumin as a standard.

Pharmacokinetic modeling and data analysis

Pharmacokinetic parameters were calculated by com-
partmental and non-compartmental analysis using
WinNonlin Professional (version 4.0.1; Pharsight Cor-
poration, Mountain View, Calif.). Treatment groups
were compared at defined time points by one-way
ANOVA using the Tukey post-test for pairwise com-
parison. Statistical analyses were carried out using Sig-
ma Stat version 2.03 (SPSS, Chicago, Ill.).

Results

The plasma pharmacokinetics of PTX measured on day
1 and on day 5 following days 1 and 5 dosing were
determined and pharmacokinetic calculations carried
out using from the two-compartment model shown in
Table 1. Plasma pharmacokinetic data showed that the
model-derived C.., was increased on day 1
(79.2+£5.8 uM) as opposed to day 5 (32.6£6.8 pM),
and these initial higher concentrations led to an increase
in drug exposure as measured by AUC on day 1
(125.6+3.8 pM-h) when compared to day 5
(86.2+ 5.5 uM-h). Neither the distribution (t »«) nor the
elimination (t; /) half-lives was dramatically altered on
day 5 as compared to day 1. In comparing the measured
plasma levels at each individual time point on day 1 to
those on day 5, the only individual time point that was
significantly different (P <0.05) was the 30-min point
where day-1 levels were 51.5+15.2 uM and day-5 levels
25.2+15.6 uM as determined in the three animals at
each point.

Tissue levels of PTX were measured in gut, heart,
kidney and liver concurrent with plasma level

Table 1 Plasma pharmacokinetics of PTX following a 20 mg/kg
i.v. dose on days 1 and 5. Pharmacokinetic parameters were cal-
culated using a two-compartment model. Values are the calculated
pharmacokinetic parameter + the standard error of the estimate
using model-dependent calculations

Parameter Day 1 Day 5
Cnax (BM) 79.24+5.8 32.6+6.8
AUC (uM h) 125.6+3.8 86.2+5.5
ty o0 (h) 0.60+0.07 0.66+0.21
ti12f (h) 3.13+0.18 3.52+0.46
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determinations and calculated tissue pharmacokinetic
data shown in Table 2. Significant reductions (P <0.05)
in tissue PTX levels were seen in gut, heart and liver at
12 h after dosing on day 5 when compared to day 1 and
at 8 h in heart and kidney tissue. No significant changes
were measured prior to 8 h after dosing. Consistently,
however, tissue levels were decreased on day 5 in com-
parison to day 1, with a few exceptions, and this trans-
lated to tissue AUC values on day 5 being decreased
between 25% and 40% in comparison to day 1. Cp.x
levels were decreased on day 5 as compared to day 1 in
all tissues except gut. Terminal half-life (t;,4) values
were not changed between day 1 and day 5.

The effect of Cremophor EL and PTX treatment on
levels of mouse CYP2C and CYP3A enzyme activities in
liver microsomes was determined 24 and 96 h after
dosing and the results are shown in Fig. 2. Both Crem-
ophor EL and PTX treatment caused a significant in-
crease in CYP2C activity. At 24 h, levels in the control,
Cremophor EL, and PTX treatment groups were
2.6+1.2, 10.0+£53, and 13.7£8.2 pmol human
CYP2C8 equivalents per milligram microsomal protein,
respectively. At 96 h, only the level in the PTX group
(5.6 £ 1.5 pmol) was significantly elevated as compared
to that in the control group (2.4+2.7 pmol). Immuno-
blot analysis of CYP2C protein in microsomes showed
similar results to those determined from activity mea-
surements, and representative blots are shown in Fig. 3.
Densitometry of CYP2C bands showed significant ele-
vation of CYP2C protein in both the Cremophor EL
and PTX treatment groups at 24 h after treatment, but
no significant differences at 96 h. When normalized to
control densitometric values (1.00+0.11), at 24 and 96 h
levels in the Cremophor EL treatment group were
1.62+£0.28 and 1.34+0.37 and in the PTX treatment
group were 1.85+£0.22 and 1.52+0.28, respectively.
CYP3A activity levels were not significantly altered by
either Cremophor EL or PTX treatment (Fig. 2b), and
immunoblot analysis showed no change in CYP3A
protein levels (data not shown).

The effects of Cremophor EL or PTX on PGP levels
in membrane-enriched liver fractions were measured by
immunoblotting at 24 and 96 h after treatment. Immu-
noblots were quantitated by densitometry of mdrla and

Table 2 Tissue pharmacokinetics of paclitaxel following a 20 mg/
kg i.v. dose on days 1 and 5. Tissue pharmacokinetics were cal-
culated using non-compartmental analysis

Tissue Day Cmax AUC() 5 oo tl/zﬂp (h)
(nmol/g) (nmol/g h)

Gut 1 29.4 151 2.8

5 31.3 117 2.3
Heart 1 32.7 81 3.2

5 24.6 57 2.7
Kidney 1 443 127 1.9

5 32.1 95 2.0
Liver 1 100.2 415 2.1

5 76.9 251 2.7
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Fig. 2 Cytochrome P450 activity in control, Cremophor EL and
PTX treated mouse liver microsomes as shown in Fig. 1b. CYP2C
(a) and CYP3A (b) activities were determined as described in
Materials and methods. Values are the means+SD of six
determinations for each treatment group and time point.
*P<0.05 vs control group

Fig. 3 Immunoblots of CYP2C
protein in mouse liver
microsomes 24 and 96 h after
treatment with Cremophor EL
or PTX as shown in Fig. 1b. ST
human CYP2C8 Supersomes

2 pg)

the results are shown in Fig. 4. No significant changes
were measured in mdrla (band of about 160 kDa) or
mdrlb (band of about 180 kDa, data not shown) [5]
levels in either the Cremophor EL or PTX treatment
groups. When normalized to the density of the control
band (100.0 + 8.4), mdrla protein levels at 24 and 96 h in
the Cremophor EL treatment group were 72.5+8.5 and
1064+10.9 and in the PTX treatment group were
90.9+9.0 and 86.8 £16.9, respectively.

Fecal elimination of PTX and 6a-OH-PTX were
determined by measuring accumulation in the feces at
8, 12 and 16 h after dosing. The results in Table 3
show that PTX elimination in the feces was not dif-
ferent between day 1 and day 5 dosing. 6a-OH-PTX
accumulation in the feces was increased on day 5
compared to day 1. The amounts of the 66-OH-PTX in
the feces were 5.9, 60.4 and 164.7 nmol at 8, 12 and
16 h after dosing on day 1, and amounts at the same
time points on day 5 were 9.1, 106.4 and 206.8 nmol.
These results are consistent with elevations in metab-
olizing capability via CYP2C as shown in Fig. 2a and
no change in transport activity (PGP) of the parent
compound (Fig. 4).

Discussion

PTX has considerable activity in the treatment of breast,
ovarian and non-small-cell lung cancer [12] and is ac-
tively being investigated for use in combination therapy
for other cancers with many other agents. Generally,
PTX has been given at a dose between 100 and 200 mg/
m? every 21 days. However, recent studies have shown a
response to weekly dosing in patients who were refrac-
tory to PTX on a standard 3-week schedule [7]. There is
some evidence that PTX may be effective when dosed
using metronomic schedules, which involve frequent low
doses targeting the cytotoxic drug to proliferating
endothelial cells within the tumor as opposed to neo-
plastic cells themselves. The taxanes (PTX and docet-
axel) have been shown to fulfill the criteria spelled out by
Miller et al. [16] to be considered as antiangiogenic.
These criteria include inhibiting endothelial cell prolif-
eration at concentrations lower than those required for
tumor cells [2, 28], interfering with endothelial cell
functions at doses that are not toxic to the cells [2, 11],
and altering tumor architecture such that therapeutic
benefit for drug delivery and decreased angiogenic sig-
naling by the tumor can be achieved [8]. Further, both
taxanes have shown antiangiogenic activity in vivo [2,

Control
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14, 28]. The antiangiogenic activity of PTX makes it an
ideal candidate for study in metronomic schedules.

A potential issue in more frequent dosing of PTX is
that metabolism and elimination may be induced with
more constant drug exposure. The time-dependent
alteration in PTX pharmacokinetics could necessitate
time-dependent changes in dosing. PTX is metabolized
by the cytochrome P450 system to hydroxylated
metabolites. The primary metabolites formed in humans

Table 3 Fecal elimination of paclitaxel and 6a-OH-paclitaxel fol-
lowing a 20 mg/kg i.v. dose on days 1 and 5. Total drug and
metabolite amounts were determined in pooled total feces samples
from three animals housed in metabolic cages for the indicated
times after dosing. Calculation of the percent of dose was based on
a dose of 20 mg/kg to a 20-g mouse being equal to 469 nmol PTX
per mouse, with three mice totaling 1407 nmol PTX

PTX 60-OH-PTX
nmol Percent nmol Percent
of dose of dose

8 h after dosing
Day 1 dose 67.1 4.8 5.9 0.4
Day 5 dose 71.4 5.1 9.1 0.7
12 h after dosing
Day 1 dose 210.1 14.9 60.4 43
Day 5 dose 215.5 15.3 106.4 7.6
16 h after dosing
Day 1 dose 470.3 334 164.7 11.7
Day 5 dose 492.1 35.0 206.8 14.7
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are the 66-OH-PTX by CYP2CS8 [20] and the 3-OH-PTX
by CYP3A4 [9] and the 6a-3-dihydroxypaclitaxel
metabolite formed by the action of both P450 isoforms.
The predominant metabolite is 6a-OH-PTX [32]. PTX is
also excreted unchanged in the feces through biliary
transport from the liver and direct transepithelial
transport from the intestine [32]. Small fractions of drug
are also excreted in the urine [32]. Studies have shown
correlations between drug elimination and P450 activity
in humans for PTX [17, 24] and induction of P450 en-
zymes has shown alteration in PTX pharmacokinetics in
animal models [1]. PGP has also been shown to play a
role in the elimination of PTX and for the low oral
bioavailability [22, 25, 30].

Induction of CYP2CS8, CYP3A4 and PGP has been
shown in human hepatocytes and CYP3A4 and PGP in
human LS1080 colon cancer cells, and this induction has
been shown to proceed through the SXR with the dis-
placement of transcriptional corepressors being the
putative mechanism of gene activation by PTX [29].
Interestingly docetaxel was not capable of activating ei-
ther PGP or P450 through the SXR in these studies. The
concentrations of PTX shown to activate human SXR
reporter gene expression and murine pregnane X recep-
tor (PXR) is in the micromolar range, which is well
within the concentration range for PTX that we deter-
mined for liver in these studies. The murine PXR has
been shown to be important in the induction of CYP3A
by PTX in mice and these studies have shown large
inductions in CYP3A mRNA, protein and enzymatic
activity [18]. However, in the study, animals were treated
with intraperitoneal doses of PTX at 40 mg/kg for four
consecutive days prior to measurements 24 h after the
last treatment. The difference in dosing and route of
delivery may help explain the lack of CYP3A activation
shown in our studies.

In the studies presented here, we showed that PTX
treatment on day 1 altered PTX pharmacokinetics fol-
lowing drug administration on day 5. Further, mea-
surement of primary PTX metabolizing and elimination
pathway induction by treatment on day 1 suggested that
CYP2C activation is the major determinant of phar-
macokinetic changes in a mouse model. It has been
shown that PTX can alter the expression of CYP3A4,
CYP2C8 and PGP in human cells and that the induction
proceeds coordinately through the SXR [29]. Coordinate
regulation has not been shown in mice, although
CYP3A activation in mice by PTX has been shown to be
through the PXR. The potential for differential coordi-
nate regulation of these genes in mice and humans may
explain why in our studies we see CYP2C activation in
the absence of CYP3A and PGP activation. Multiple
activation pathways and dose- and time-dependent fac-
tors could also be factors.

An important focus for preclinical studies is the dose—
response relationships in animal models and how they
relate to clinical use. Therefore, studying time and dose-
dependent changes in drug pharmacokinetics in relevant
animal models will allow refinement of animal dosing
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and reflection back to the clinical situation. This is
becoming increasingly more important when studying
metronomic schedules in that maintenance of plasma
levels at the endothelial cell proliferation inhibition
threshold may be the relevant pharmacokinetic endpoint
relating to therapeutic benefit. In frequent, lower dose
protocols, the more constant exposure to PTX may lead

to

pharmacokinetically relevant changes in drug

metabolism and elimination such that modification in
dosing may be beneficial.
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