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Abstract

Background Noscapine, a naturally occurring antitus-
sive phthalideisoquinoline alkaloid, is a tubulin-bind-
ing agent currently in Phase I/II clinical trials for
anticancer therapy. Unlike currently available antimit-
otics such as taxanes and vincas, noscapine is water-sol-
uble, well tolerated, and shows no detectable toxicity.
Objective The goal was to develop a simple, sensitive,
quantitative, selective, and less time-consuming high-
performance liquid chromatography (HPLC) method
for determination of noscapine and to study its phar-
macokinetics in mice models.

Method Noscapine was extracted from mice plasma
using the protein-precipitation method and detected
using a reversed-phase C8 column with mobile phase
consisting of 35% acetonitrile and 65% ammonium
acetate buffer (pH 4.5) at 232 nm wavelength. Pharma-
cokinetic studies of noscapine were performed in mice
following intravenous bolus at 10 mg/kg and oral
administrations at 75, 150, and 300 mg/kg.

Results  The standard curves for noscapine estimation
were linear between 390 and 50,000 ng/ml (lower limit
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of quantification was 390 ng/ml) and the recovery was
~80%. Following 10 mg/kg intravenous dose, mean
plasma concentrations of 7.88 pug/ml were achieved at
5 min in mice and declined with undetectable levels at
4 h. The mean total body clearance was 4.78 /h. The
mean volume of distribution (V) was 5.05 1. Non-com-
partmental analysis yielded the mean area under the
plasma concentration—time curve (AUC) for noscapine
as 53.42, 64.08, and 198.35 h pg/ml reaching maximum
plasma concentrations (C,,,) of 12.74, 23.24, and
46.73 pg/ml at a ¢, of 1.12, 1.50, and 0.46 h at the line-
arly increasing dose levels.

Conclusion A rapid and simple HPLC/UV method
for the quantification of noscapine in plasma has been
developed to study pharmacokinetics of noscapine at
tumor-suppressive doses in the mouse. Since orally
available anticancer drugs are rare, therefore, nosca-
pine, an innocuous agent, having a mean oral bio-
availability of 31.5% over the studied dose range
merits its further advancement in humans for anticancer
therapy.

Keywords Noscapine - Pharmacokinetics - HPLC/UV

Introduction

Highly dynamic mitotic spindle microtubules are
among the most successful targets for anticancer ther-
apy [1-3]. Microtubule-targeted drugs, including paclit-
axel and vinca alkaloids, are thus widely used in
current chemotherapy regimes [4]. However, despite
their impressive clinical successes, several problems
associated with existing anticancer therapeutics
remain, such as toxicities including myelosuppression,
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peripheral neuropathy, alopecia, and gastrointestinal
toxicity; susceptibility to the development of drug
resistance; poor bioavailability that results in a need
for prolonged intravenous infusions and frequent hos-
pital visits, and sparse solubility usually necessitating
the use of agents (for example, cremophor) that cause
undesirable side-effects [5-9]. It is, thus, necessary that
new tubulin-binding drugs are discovered and devel-
oped that are non-toxic and have improved pharmaco-
logical profiles.

Our laboratory has discovered a novel microtubule-
binding chemotherapeutic agent [10] that overcomes
many of the limitations associated with other tubulin-
binding anticancer drugs. This agent, noscapine
(Fig. 1), is a commonly used antitussive agent available
worldwide that lacks sedative, euphoric, analgesic, and
respiratory depressant properties [11]. The precise
mechanism for the antitussive effects of noscapine
remains unknown. Cough suppression was the only
pronounced pharmacological effect of noscapine
known for more than 30 years. In the last 8 years, we
have demonstrated that noscapine: (a) binds to tubulin
and alters its conformation and assembly properties
[10]; (b) interferes with microtubule dynamics [12, 13];
(c) does not significantly change the microtubule poly-
mer mass even at higher concentrations [12, 14]; (d)
arrests a variety of mammalian cells including drug-
resistant variants in mitosis and targets them for apop-
tosis [10, 14-17]; and (e) inhibits progression of murine
melanoma, lymphoma, glioblastoma, and human
breast tumors implanted in nude mice with no detect-
able toxicity to the rapidly dividing cells and post-
mitotic cells such as neurons [10, 12, 16, 17]; (f) does
not inhibit primary humoral and cellular immune
responses in mice [17]; (g) can be orally administered
bypassing parenteral injections and intravenous infu-
sions that can be complicated by anaphylactic
responses and infection at the injection site causing
pain, thrombosis of blood vessels, or embolisms [10, 12,
16, 17].

Although orally available anticancer drugs are rare,
it is unique that noscapine can be administered orally
to successfully regress tumor volumes in mice [10, 12,

Fig. 1 Molecular structure of noscapine
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16, 17]. We have been able to show that noscapine is
active against tumor cells that have become resistant
to currently available anticancer drugs due to p-glyco-
protein overexpression and other drug efflux pumps of
the ATP-binding drug transporter family [14]. These
efflux pumps also play a role in modulating the oral
bioavailability and pharmacokinetics of drugs [18, 19].
Given that other microtubule drugs are better
substrates for various ABC transporters that can alter
drug distribution due to their faster elimination,
noscapine being a poor p-glycoprotein substrate is
unique among currently available chemotherapeutic
drugs. We were thus inquisitive to study the bioavailabil-
ity and pharmacokinetic profiles of tumor-suppressive
dosages of noscapine. Though the pharmacokinetics
of low antitussive doses of noscapine has been previ-
ously described [20-22], the then available methods
involved for the analysis of noscapine in plasma and
urine included fluorometric [23, 24] gas and thin-layer
chromatographic [25, 26], and liquid chromatographic
techniques [27, 28]. Those techniques involved multi-
ple extraction and purification steps and were, there-
fore, labor-intensive, and time-consuming and ran a
risk of losing some amounts during the multiple steps
involved. Recently, Zhu et al. reported a liquid chro-
matography—-tandem mass spectrometric method for
the simultaneous determination of methylephedrine
and noscapine in human plasma [29]. This study
involved the highly sensitive LC-MS/MS method, due
to the low antitussive doses of noscapine given to the
subjects. Here, we present a new, simple, sensitive,
selective, quantitative, and less time-consuming
reversed-phase HPLC method for the determination
of tumor-suppressive dosages of noscapine in mice
plasma. The feasibility for oral administration and its
non-toxic attributes might offer noscapine as an anti-
cancer drug of the future. Given the importance of
pharmacokinetic evaluation in the drug development
process, we employed the HPLC method to evaluate
the pharmacokinetic parameters and bioavailability in
male and female mice upon oral and intravenous
administration of noscapine.

Materials and methods
Chemicals

Noscapine was obtained from Sigma Aldrich (St Louis,
MO, USA). In order to increase the solubility of nosca-
pine to the cancer chemotherapeutic doses, we synthe-
sized its hydrochloride salt, which is equally effective in
preclinical studies as the parent-free base, noscapine.
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The purity of the noscapine salt was 98.5% as assessed
by HPLC. Acetonitrile and methanol (HPLC grade),
and other chemicals, analytical grade, were purchased
from J.T. Baker and Merck.

Instrumentation and chromatographic conditions

A high-performance liquid chromatography (HPLC)
system consisted of Shimadzu instruments equipped
with a Shimadzu LC-10 AT pump and a SPD-10A UV
detector. The analytical column used was LiChrospher
@ 60 RP select-B (C8) reversed-phase column
(4 mm x 125 mm) packed with 5 um particles. The col-
umn temperature was maintained at the room temper-
ature (25°C). The mobile phase consisted of
ammonium acetate:acetonitrile (65:35). The pH of the
20 mM ammonium acetate was adjusted to 4.5 using
glacial acetic acid. The solution was filtered and
degassed by vacuum filtration through a 0.22-pm mem-
brane filter before use and was freshly prepared for
each run. The flow rate of the mobile phase was
adjusted to 1 ml/min. The wavelength of detection was
232 nm and the detector was set at 0.005-absorbance
unit, full scale.

Animal dosing and sampling

Swiss albino mice used for the pharmacokinetic study
were bred and maintained in the Animal Facility of
Lupin Research Park, Pune. All procedures involving
animals were in accordance with protocols approved
by the Institutional Animal Ethics Committee and
were reviewed by the Committee for the Purpose of
Control and Supervision of Experiments on Animals.
A total of 216 Swiss albino mice (108 males and 108
females) with an average weight of 25 g were used for
the oral and intravenous pharmacokinetic study. For
each dose level, 27 mice (male or female) were ran-
domly divided into 9 groups of 3 animals each corre-
sponding to the time points of blood collection.
Although this gives us three mice per time point per
dose per gender for analysis, but to ensure that our sys-
temic error is acceptable we had analyzed each sample
in triplicates and seen no variation (at 95% confidence
level). The animals were housed in an environment
with a 12-h light and 12-h dark cycle at a constant tem-
perature (22°C) and had free access to standard labora-
tory feed and water. Mice were acclimatized to this
environment for 1 week prior to the experiments. On
the day of the experiment, animals were fasted for 3 h
before the experiment; however, water was available
ad libitum. Noscapine was administered orally by
gavage at a dose of 75, 150, and 300 mg/kg. The

intravenous dose was 10 mg/kg. The noscapine solu-
tion for administration to mice via the oral and intra-
venous routes was prepared by dissolution of the
noscapine salt in phosphate buffer (pH 4.5). Plasma
levels of noscapine were monitored for 24 h after dos-
ing. Samples were collected at 0, 0.25, 0.5, 1, 2, 4, 6, 8,
and 24 h after oral administration and 0, 0.083, 0.25,
0.5,0.75, 1, 2, 4, and 6 h after intravenous administra-
tion of the drug. Approximately 750 pl of blood was
collected from the retro-orbital vein into polypropyl-
ene microcentrifuge tubes containing 25 pl of 20 mM
sodium citrate. The blood samples were centrifuged at
4,600 rpm for 15 min at 4°C, and the plasma was sepa-
rated. Plasma samples were stored at —80°C until
analysis.

Preparation of calibration standards
and quality control samples

The selectivity of the method was ascertained by ana-
lyzing human plasma from six different sources for
potential interferences from endogenous compounds.
The human plasma sample finally chosen for spiking
was the one that offered no significant interferences
from endogenous substances at the retention time of
noscapine. Standard stock solution of noscapine was
prepared in acetonitrile and the working solutions for
calibration standards and quality control (QC) samples
were derived from the stock solution at final concentra-
tions ranging from 8 to 1,000 pg/ml. Calibration curves
were prepared by spiking 50 pl of the working solution
to 950 pl of blank drug-free human plasma to obtain
plasma samples ranging from 0.39 to 50 pg/ml. The
plasma samples were deproteinized with three volumes
of acetonitrile and plasma concentration of spiked
noscapine was analyzed using the HPLC method.
Plasma samples were quantified using the peak area
which was plotted against noscapine concentrations
and standard curves in the form of y = A + Bx were cal-
culated using weighted (1/x) least square linear regres-
sion. Excellent linearity was obtained over the chosen
concentration range and the correlation coefficients for
the calibration regression curves were 0.99 or greater.
In the current method, the lower limit of quantification
was 0.39 pg/ml, at which the peak (response) was iden-
tifiable, discrete, and reproducible with a precision of
20% and an accuracy of 80-120%. All QC samples
used in the validation and during the pharmacokinetic
study were prepared in the same way as calibration
standards before analysis. Plasma concentrations of
QC samples were 1.2, 12.02, and 20.04 pg/ml. The
spiked plasma samples (standards and QCs) were
extracted on each analytical batch along with the
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unknown samples. To account for matrix effects
between human and mouse plasma and to ensure that
there is no bias by quantitating mouse plasma off of a
human plasma calibration curve, a mini-validation
including the mouse QC samples was performed that
demonstrated acceptable accuracy and precision. For
noscapine, the predicted concentration of the QC sam-
ples was within 15% of the nominal concentration,
indicating acceptable assay performance.

Method validation

Intra-day variability was assessed at three concentra-
tions [1,200, 12,000, and 20,000, namely the low quality
control (low QC), medium quality control (med QC),
and high quality control (high QC), respectively] by
injecting five replicates of each concentration on the
same day. Similarly, the inter-day variability was
assessed at these three different concentrations by
injecting five replicates of each concentration on four
different days. Accuracy was determined by comparing
the calculated concentration using calibration curves to
nominal concentration. Precision was expressed using
the coefficient of variance (CV). As summarized in
Table 1, the intra-day mean accuracies varied from
90.90 to 106.14% over the 1,200-20,000 ng/ml concen-
tration range of noscapine, the corresponding precision
(n =15) varied from 1.23 to 4.23%. The inter-day mean
accuracies varied from 104.42 to 105.75% and the cor-
responding precision (n=20) varied from 3.39 to

3.73%. Thus the method showed good accuracy and
precision.

Analysis of pharmacokinetic data

Plasma-concentration data were analyzed with stan-
dard non-compartmental methods using the WIN
NONLIN software version 4.1. Composite plasma con-
centration—-time profiles were constructed for both
male and female mice. The following pharmacokinetic
parameters were assessed: t;, (h), £, (h), Co.c (ng/
ml), AUC,, (h pg/ml), AUC,;; (h pg/ml), CL (ml/h),
V4 (ml). The area under the curve (AUC,,,) was calcu-
lated by the linear trapezoidal rule up to the last sam-
pling point with detectable levels with extrapolation to
infinity (AUC,,) by the equation: AUC, + C/k,
where k_ represents the terminal disposition rate con-
stant. k, was calculated from the slope of data points in
the final log linear part of the drug-concentration—time
curve by weighted least square linear regression analy-
sis. The terminal disposition half-life (¢,,) value was
calculated using the equation: t,,, = 0.693/k.. The total
body clearance (CL,,) was calculated as the dose/
AUC,,. The apparent volume of distribution (V) was
calculated as CL,,/k.. Maximum plasma concentration
(Cinax) and the time to maximum concentration (Z,,,)
following oral administration were estimated by
recording directly from experimental observations.
The bioavailability was calculated using the formula,
F=(AUC;Dose,,/AUC,,Dose;,)100.

Table 1 Accuracy and preci-

sion of QC samples Analysis day

Nominal concentration (pg/ml)

@ Springer

Low QC Med QC High QC

(1,200 ng/ml) (12,000 ng/ml) (20,000 ng/ml)
Day1 (n=5)
Intra-day mean 1,235.38 1,3091.48 21,256.93
+SD 50.52 550.01 898.95
CV% 4.09 4.20 423
Mean accuracy % 97.05 90.90 93.72
Day2 (n=5)
Intra-day mean 1,273.21 12,533.31 21,228.32
+SD 48.02 367.73 869.51
CV% 3.77 293 4.10
Mean accuracy % 106.10 104.44 106.14
Day3 (n=5)
Intra-day mean 1,250.40 12,445.19 20,534.80
+SD 23.39 200.37 252.34
CV% 1.87 1.61 1.23
Mean accuracy % 104.20 103.71 102.67
Day4 (n=5)
Inter-day mean 1,253.00 12,689.99 21,006.68
+SD 42.47 473.58 764.54
CV% 3.39 3.73 3.64
Mean accuracy % 104.42 105.75 105.03
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Results and discussion

The discovery of the anticancer property of a non-toxic
antitussive agent, noscapine has recently drawn consid-
erable attention and its medicinal chemistry is being
actively explored to design more potent analogs with
improved pharmacological profiles [30-35]. Following
our work, the lead compound, noscapine is in Phase I/
II clinical trials for non-Hodgkin’s lymphoma or
chronic lymphocytic leukemia refractory to chemo-
therapy at the University of Southern California. Since
the pharmacokinetic evaluation is an important com-
ponent of the preclinical drug development process, we
sought to investigate the pharmacokinetics and bio-
availability of this well-tolerated non-toxic anticancer
drug.

Although several reports describing the pharmaco-
kinetics of noscapine using liquid chromatographic
methods are available [20-23], these methods are lim-
ited due to tedious multiple extraction and purification
steps involved. Even so, a recent report by Zhu et al.
describes a sensitive LC-MS/MS method for the deter-
mination of noscapine in a multicomponent formula-
tion, but the low noscapine doses in the formulation
(16 mg) are conducive to its antitussive effects. The
tumor-suppressive dose regimes of noscapine are much
higher than the antitussive dosages and have not been
a subject of study so far. Therefore, we realized the
need to develop an adequately sensitive, specific, and
selective method for the determination of chemothera-
peutic dose regimes of noscapine in plasma, which is
not cumbersome and is time-effective. The simple and
fast assay method was then successfully employed to an
oral and intravenous pharmacokinetic study. The
HPLC method was optimized with respect to the effect
of certain variables including the selection of the
organic phase, the concentration of the buffer to

Fig. 2 High-performance A
liquid chromatograms of
acetonitrile extract of a blank
human plasma, b human
plasma spiked with noscapine
depicting retention time of
4.52 min at a mobile phase of
composition (ammonium
acetate:acetonitrile, 65:35, pH
4.5), and ¢ mice plasma
obtained after oral noscapine
administration

_J.L* i .

achieve good retention times, and the pH of the mobile
phase. There was a need to slightly modify the mobile
phase composition for achieving a clean area where
there were no observable plasma interferences in the
retention time region of noscapine. According to the
retention time, peak height, and peak asymmetry fac-
tor, the suitable conditions of the mobile phase were
established as consisting of ammonium acetate:acetoni-
trile (65:35) at a pH 4.5. Under these chromatographic
conditions, symmetrical and well-resolved peaks were
obtained for noscapine. A typical chromatogram of
blank (noscapine-free) human plasma is displayed in
Fig. 2a. Figure 2b depicts a representative chromato-
gram of noscapine spiked in human plasma. There
were no interfering peaks from endogenous com-
pounds at the retention time region of noscapine,
which is clearly evident by the well-separated nosca-
pine peak at a retention time of 4.52 min. Figure 2c
shows a representative chromatogram of a study sam-
ple, where mice plasma was obtained after oral nosca-
pine administration.

Since the chromatographic method was developed
for application to a pharmacokinetic study, the stan-
dardization and development of an extraction method
was another important component of the undertaken
study. After several trials, we found that the one-step
protein-precipitation method using acetonitrile as a
solvent for precipitating proteins and solubilizing
noscapine was satisfactory. Next, the extraction
efficiency of noscapine from plasma was determined
for each standard concentration from validation stan-
dards. The mean recovery for noscapine from mice
plasma was found to be about 80% using acetonitrile.
The extent of recovery of noscapine was found to be
consistent, precise, and reproducible when analytical
results for extracted samples at three concentrations
(low, medium, and high) were compared with

B C

4.52

gmz

0 2 4

time (min)

6 0 2 4 6 0 2 4 6
time (min) time (min)
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standards representing 100% recovery. Thus the
extraction method was suitable for the analysis of
noscapine in plasma samples. Using this assay, we reli-
ably measured noscapine in mice plasma over a wide
range of concentrations from 0.39 to 50 pg/ml using
200 pl of mice plasma samples. The linearity between
0.39 and 50 pg/ml was determined using the least
square regression equation. The lowest limit of quanti-
fication for noscapine under these conditions was
0.39 pg/ml.

Pharmacokinetics upon oral administration
of noscapine in mice

The plasma concentration—time profiles of noscapine
were studied at three single dose levels (75, 150, and
300 mg/kg) for both male and female mice upon oral
administration to establish the linearity of dose
responsiveness and are shown in Fig. 3a—c. Figure 3d
depicts a composite of all three oral doses with mean
data values of parameters from male and female mice.
All the three doses were well tolerated and mice did
not show any signs of discomfort. The pharmacoki-
netic parameters of noscapine in mice obtained upon
oral administration at the three different doses are
summarized in Table 2. As can be seen clearly in
Table 2, noscapine was easily absorbed, reaching a

1.75, and 0.33 h upon oral administration of 75, 150,
and 300 mg/kg noscapine, respectively, in male mice.
Similarly, at the linearly increasing dose levels, the
C,..x 10 female mice was 12.18, 22.00, and 44.00 pg/ml
atar,, of1.17,1.25,and 0.59 h. The AUC, at 75 and
150 mg/kg for both male and female mice was compa-
rable; however, the AUC,, at 300 mg/kg was approxi-
mately threefold higher as compared to the two lower
doses. The lack of proportional relationships of the
AUC values as a function of dose possibly suggests
that a saturable or non-linear behavior may be occur-
ring over the studied dose range. The half-life (¢,,) of
the drug for both male and female mice was compara-
ble at 75 and 300 mg/kg, but was lower at the median
dose of 150 mg/kg. Since half-life represents a hybrid
parameter influenced by the primary pharmacokinetic
clearance (CL) and volume of distribution (V), it is
possible that a stationary half-life might result from
changes in both CL and V; that cancel out changes in
half-life. Overall, our results from the oral study
clearly indicate that noscapine absorbs quickly in mice
at all dose levels (7,,,, <2 h) and is distributed rapidly
and widely. The percent bioavailability was compara-
ble at 75 and 300 mg/kg; however, it was higher at
150 mg/kg for both male and female mice. Further-
more, our data reveals absence of any gender-related
differences at the three oral dose levels included in the

C,ax Of 13.37,24.48, and 49.47 pg/ml at a ¢, of 1.08,  study.
Fig. 3 Plasma concentration— A 100 B 100
time profile of noscapine in e =
male and female mice upon E 75 mglkg po E 150 ma/k
oral administration of E’_ 10 @ 10 ma’ka po
a75 mg/kg, b 150 mg/kg, and = =~
. [3) o
¢ 300 mg/kg noscapine. £ S
d Mean composite plasma g 1 o 1
concentration—time profile for g male g
all three oral doses 8 04 : female 8 0.4 -= male
-3 o -+ female
0.01 0.01
0 5 10 15 20 25 30 0 5 10 15 20 25 30
time (hour) time (hour)
C 100 D 100
ZE 300 mg/kg po E composite
o 10 © 10
= =1
1
g 1 :
E E 75 mg/k
-= male —+ 19 mg/kg
8 %1 | temale 8 01 +150 mglkg
o o -+-300 mg/kg
0.01 0.01
0 5 10 15 20 25 30 0 5 10 15 20 25 30
time (hour) time (hour)
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Table 2 Pharmacokinetic P .
. roperties Dose

parameters of noscapine upon

oral administration (n = 3) in 75 mg/kg 150 mg/kg 300 mg/kg

male and female mice

Male Female Male Female Male Female

Cphax (ng/ml) 1337 £22 1218 £24 2448 £2.7 22.00+£3.3 4947 +23 44.00+2.2
fmax (1) 1.084+08 1.17+0.7 1.75+£03 125404 033+014 0.59+03
t, (h) 291+03 3.024+02 147+£03 0994+023 252+12 265+1.1
AUC, (hpg/ml) 5455+94 5229+17 6723+6.1 60.93+74 21520+182 181.5+15
AUC;; (h pg/ml)  71.50 £ 8.3 68.92 +17.5 81.35+99 61.99+74 25748 +31 223 +18

The data are presented as
mean £ SD (P < 0.05)

Bioavailability (%) 23.98+£3.2 21.55+29 4222442 4790+4.7

2668 +£3.8 26.63+3.5

Table 3 Pharmacokinetic parameters of noscapine upon intrave-
nous administration (rn = 3) in male and female mice

Properties Dose: 10 mg/kg (iv)

Male Female
t,, (h) 039 +0.1 1.05+0.3
AUC,, (h pg/ml) 210+£0.2 1.66 £0.2
AUC;,; (h pg/ml) 229402 1.98 +0.4
Volume of distribution (V) (1) 2.60+0.9 750+1.2
Clearance (1/h) 4.40+0.5 5.16 £0.9

The data are presented as mean + SD (P < 0.05)

Pharmacokinetics upon intravenous administration
of noscapine in mice

The plasma concentration-time profiles of noscapine at
the single dose level of 10 mg/kg for both male and
female mice upon intravenous administration are shown
in Fig. 4. The pharmacokinetic parameters of noscapine
in mice obtained upon intravenous administration at the
single dose are shown in Table 3. Our results show that
the plasma concentration-time curve of noscapine is
characterized by a steep decline during the first 1 h. This
rapid distributive phase is followed by a terminal elimi-
nation phase with a mean half-life of about 0.39 h for
male mice and 1.05h for female mice. Our data show
that the total body clearance (CL) was rapid
(440 £0.5Vh for male mice, and 5.16 £0.91/h for

10

E
g 1 10 mg/kg iv
3]
<
]
o
1]
g 0.1 - male
8 -+ female
S

0.01

0 1 2 3 4

time (hour)

Fig. 4 Plasma concentration—time profile of 10 mg/kg intrave-
nously administered noscapine in male and female mice

female mice), indicating fast removal of noscapine from
the plasma. As expected from the rapid clearance rates,
plasma noscapine levels declined quickly and noscapine
was almost undetectable after 3-4 h of infusion. The
drug half-life (¢;,; 0.39 £ 0.1 h for males, 1.05 £ 0.3 h for
females) and the volume of distribution (V; 2.6 £ 091
for males, 7.5 + 1.2 1 for females) clearly reflects gender-
related differences in pharmacokinetics upon intrave-
nous administration. Table 4 shows composite mean
data of male and female mice for all doses (both intrave-
nous and oral) studied. A comparison of the oral AUC,;
data at the three different doses to the intravenous data
collected at 10 mg/kg indicated the mean percent oral
bioavailability of noscapine as 22.76, 45.05, and 26.6% at

Table 4 Mean pharmacoki-

. . Dose (mg/kg)

netic parameters of noscapine

in mice (calculated using com- 10 mg/kg 75 mg/kg 150 mg/kg 300 mg/kg

posite data of male and female (iv) (po) (po) (po)

mice)
Cphax (ng/ml) - 12.74 23.24 46.73
ax (1) - 1.12 1.50 0.46
t1, (h) 0.72 2.96 1.23 2.58
AUC,, (h pg/ml) 1.88 53.42 64.08 198.35
AUC,; (h pg/ml) 2.14 70.27 71.67 240.24
Volume of distribution (V) 5.05 - - -
Clearance (1/h) 4.78 - - -
Bioavailability (%) - 22.76 45.06 26.65
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75, 150, and 300 mg/kg, respectively (P <0.05). Our
results thus indicate that the best oral bioavailability in
both male and female mice is achieved at 150 mg/kg and
the mean bioavailability of noscapine was ~30-32%
across the studied dose range.

There also has been an increasing interest in devel-
oping anticancer drug formulations that selectively tar-
get the malignant tissue, thereby increasing drug-
efficacy while decreasing the occurrence of side-effects
related to wide and non-specific body distribution.
Thus studies in our laboratory are underway to investi-
gate various noscapine formulations (both liposomal
and microsphere based) to improvise the bioavailabil-
ity and other pharmacokinetic characteristics such as
volume of distribution, total body clearance, etc. to
maximize the therapeutic efficacy without compromis-
ing the quality of life. However, one should not ignore
the challenges and potential risks in implementing
these approaches in the actual therapy.

Conclusion

An efficient HPLC/UV method for quantification of
noscapine in plasma has been developed. This method
has been validated and applied for the preclinical phar-
macokinetic study of noscapine in mice plasma.
Besides its low cost and convenience, the feasibility for
oral administration of noscapine precludes chances of
concerning hypersensitivity reactions encountered dur-
ing infusions of other currently available insoluble che-
motherapeutic agents that utilize vehicle agents with
several undesirable characteristics. Since biologically
inactive doses minimize antitumor responses, the ther-
apeutic efficacy of an anticancer drug is directly related
to its bioavailable dose. Thus, the oral bioavailability of
noscapine offers further support for its clinical
advancement as a novel chemotherapeutic agent.

Acknowledgments We thank the Technical Support Unit at Lu-
pin Research Park for their assistance in animal maintenance,
dosing, and sample collection. We thank members of the Joshi
Laboratory for discussions. This work was supported by a grant to
HC]J from the National Institutes of Health.

References

1. Jordan MA, Wilson L (2004) Microtubules as a target for
anticancer drugs. Nat Rev Cancer 4:253-265

2. Giannakakou P, Sackett D, Fojo T (2000) Tubulin/microtu-
bules: still a promising target for new chemotherapeutic
agents. J Natl Cancer Inst 92:182-183

3. Zhou J, Giannakakou P (2005) Targeting microtubules for
cancer chemotherapy. Curr Med Chem Anticancer Agents
1:65-71

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Jordan MA (2002) Mechanism of action of antitumor drugs

that interact with microtubules and tubulin. Curr Med Chem
Anticancer Agents 2:1-17

. Fleming S, Lucas F, Schofield MA (2001) Therapeutic area

review of oncology products and players. Expert Opin Emerg
Drugs 6:317-329

. Simon SM, Schindler M (1994) Cell biological mechanisms of

multidrug resistance in tumors. Proc Natl Acad Sci USA
91:3497-3504

. Van Zuylen L, Verweij J, Sparreboom A (2001) Role of for-

mulation vehicles in taxane pharmacology. Invest New Drugs
19:125-141

. Markman M (2003) Managing taxane toxicities. Support Care

Cancer 11:144-147

. Dorr RT (1994) Pharmacology and toxicology of Cremophor

EL. Ann Pharmacother 28:5S11-S14

Ye K, Ke Y, Keshava N, Shanks J, Kapp JA, Tekmal RR,
Petros J, Joshi HC (1998) Opium alkaloid noscapine is an
antitumor agent that arrests metaphase and induces apopto-
sis in dividing cells. Proc Natl Acad Sci USA 95:1601-1606
Wade A (1997) Martindale, the extra pharmacopoeia, 27th
edn. The Pharmaceutical Press, London

Landen JW, Lang R, McMahon SJ, Rusan NM, Yvon AM,
Adams AW, Sorcinelli MD, Campbell R, Bonaccorsi P,
Ansel JC, Archer DR, Wadsworth P, Armstrong CA, Joshi
HC (2002) Noscapine alters microtubule dynamics in living
cells and inhibits the progression of melanoma. Cancer Res
62:4109-4114

Zhou J, Panda D, Landen JW, Wilson L, Joshi HC (2002)
Minor alteration of microtubule dynamics causes loss of ten-
sion across kinetochore pairs and activates the spindle check-
point. J Biol Chem 277:17200-17208

Zhou J, Gupta K, Yao J, Ye K, Panda D, Giannakakou P,
Joshi HC (2002) Paclitaxel-resistant human ovarian cancer
cells undergo c-Jun NH2-terminal kinase-mediated apoptosis
in response to noscapine. J Biol Chem 277:39777-39785
Zhou J, Yao J, Joshi HC (2002) Attachment and tension in
the spindle assembly checkpoint. J Cell Sci 115:3547-3555
Landen JW, Hau V, Wang M, Davis T, Ciliax B, Wainer BH,
Van Meir EG, Glass JD, Joshi HC, Archer DR (2004) Nosca-
pine crosses the blood-brain barrier and inhibits glioblas-
toma growth. Clin Cancer Res 10:5187-5201

Ke Y, Ye K, Grossniklaus HE, Archer DR, Joshi HC, Kapp
JA (2000) Noscapine inhibits tumor growth with little toxicity
to normal tissues or inhibition of immune responses. Cancer
Immunol Immunother 49:217-225

Kuppens IE, Breedveld P, Beijnen JH, Schellens JH (2005)
Modulation of oral drug bioavailability: from preclinical
mechanism to therapeutic application. Cancer Invest 23:443—
464

Glavinas H, Krajcsi P, Cserepes J, Sarkadi B (2004) The role
of ABC transporters in drug resistance, metabolism and tox-
icity. Curr Drug Deliv 1:27-42

Karlsson MO, Dahlstrom B, Eckernas SA, Johansson M,
Alm AT (1990) Pharmacokinetics of oral noscapine. Eur J
Clin Pharmacol 39:275-279

Haikala V, Sothmann A, Marvola M (1986) Comparative bio-
availability and pharmacokinetics of noscapine hydrogen em-
bonate and noscapine hydrochloride. Eur J Clin Pharmacol
31:367-369

Dabhlstrom B, Mellstrand T, Lofdahl CG, Johansson M (1982)
Pharmacokinetic properties of noscapine. Eur J Clin Pharma-
col 22:535-539

Vedso S (1961) The determination of noscapine (narcotine)
in plasma and urine. Acta Pharmacol Toxicol (Copenh)
18:119-128



Cancer Chemother Pharmacol (2007) 60:831-839

839

24.

25.

26.

27.

28.

29.

30.

Nayak KP, Brochmann-Hanssen E, Leong way E (1965) Bio-
logical disposition of noscapine I. Kinetics of metabolism, uri-
nary excretion, and organ distribution. J Pharm Sci 54:191-194
Tsunoda N, Yoshimura H (1979) Metabolic fate of noscapine.
II. Isolation and identification of novel metabolites produced
by C-C bond cleavage. Xenobiotica 9:181-187

Tsunoda N, Yoshimura H (1981) Metabolic fate of noscapine.
II1. Further studies on identification and determination of the
metabolites. Xenobiotica 11:23-32

Johansson M, Eksborg S, Arbin A (1983) Determination of
noscapine in plasma by liquid chromatography. J Chromatogr
275:355-366

Jensen KM (1983) Determination of noscapine in serum by
high-performance liquid chromatography. J Chromatogr
274:381-387

Zhu L, Chen X, Zhang Y, Yu H, Zhong D (2005) Simulta-
neous determination of methylephedrine and noscapine in
human plasma by liquid chromatography-tandem mass spec-
trometry. J Chromatogr B Analyt Technol Biomed Life Sci
820:175-182

Anderson JT, Ting AE, Boozer S, Brunden KR, Danzig J,
Dent T, Harrington JJ, Murphy SM, Perry R, Raber A, Rund-
lett SE, Wang J, Wang N, Bennani YL (2005) Discovery of S-
phase arresting agents derived from noscapine. J] Med Chem
48:2756-2758

31.

32.

33.

34.

35.

Anderson JT, Ting AE, Boozer S, Brunden KR, Crumrine C,
Danzig J, Dent T, Faga L, Harrington JJ, Hodnick WF, Mur-
phy SM, Pawlowski G, Perry R, Raber A, Rundlett SE,
Stricker-Krongrad A, Wang J, Bennani YL (2005) Identifica-
tion of novel and improved antimitotic agents derived from
noscapine. J] Med Chem 48:7096-7098

ZhouJ, Gupta K, Aggarwal S, Aneja R, Chandra R, Panda D,
Joshi HC (2003) Brominated derivatives of noscapine are po-
tent microtubule-interfering agents that perturb mitosis and
inhibit cell proliferation. Mol Pharmacol 63:799-807

Zhou J, Liu M, Aneja R, Chandra R, Joshi HC (2004)
Enhancement of paclitaxel-induced microtubule stabiliza-
tion, mitotic arrest, and apoptosis by the microtubule-target-
ing agent EM012. Biochem Pharmacol 68:2435-2441

Zhou J, Liu M, Luthra R, Jones J, Aneja R, Chandra R, Tek-
mal RR, Joshi HC (2005) EMO012, a microtubule-interfering
agent, inhibits the progression of multidrug-resistant human
ovarian cancer both in cultured cells and in athymic nude
mice. Cancer Chemother Pharmacol 55:461-465

Aneja R, Zhou J, Vangapandu SN, Zhou B, Chandra R, Joshi
HC (2006) Drug resistant T-lymphoid tumors undergo apop-
tosis selectively by an antimicrotubule agent, EM011. Blood
107:2486-2492

@ Springer



	Preclinical pharmacokinetics and bioavailability of noscapine, a tubulin-binding anticancer agent
	Introduction
	Materials and methods
	Chemicals
	Instrumentation and chromatographic conditions
	Animal dosing and sampling
	Preparation of calibration standards and quality control samples
	Method validation
	Analysis of pharmacokinetic data

	Results and discussion
	Pharmacokinetics upon oral administration of noscapine in mice
	Pharmacokinetics upon intravenous administration of noscapine in mice

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


