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ABSTRACT: A rapid and sensitive LC-electrospray ionization-MS method was developed for determining vinorelbine in rat
plasma. A 100 mL plasma sample was treated using a protein precipitation procedure and was chromatographed within 4 min
using an Inertsil ODS-3 C18 (2.1 × 50 mm, 5 m) column. The selected ion monitoring ions [M + H]+ were m/z 779 and m/z 811
for vinorelbine and vinblastine (internal standard), respectively. The method validation showed that the calibration curve for
vinorelbine was linear over a concentration range of 1–1000 ng/mL with lower limit of quantification at 1 ng/mL. The method
has been successfully applied to pharmacokinetics in rat plasma. Copyright © 2009 John Wiley & Sons, Ltd.
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Introduction

Vinorelbine, nor-5′-anhydrovinblastine, is a vinca-alkaloid obtained
by chemical semi-synthesis from vinblastine (Mangeney et al.,
1979a,b). This compound has a higher therapeutic index and
less neurotoxicity than other vinca-alkaloids (Binet et al., 1989).

Because of its high selectivity and sensitivity, LC-MS (Ragot
et al., 2001) and LC-MS/MS (Van Heugen et al., 2001) have been
used for the study of pharmacokinetics of vinorelbine, but they
require a larger biological sample of 500 μL and longer run
times of 20 and 15 min, respectively. This study designed a
simple, rapid and sensitive LC-electrospray ionization-MS (LC-
ESI-MS) method for quantification of vinorelbine in rat plasma
and for pharmacokinetic study. Using a sample volume of only
100 μL and LC run times of 4 min, the new assay is suitable for
high-throughput analysis of biological sample with vinorelbine.

Materials and Methods

Chemicals and Materials

Vinorelbine (standard substance) and Vinblastine (internal
standard, IS) were purchased from Tianjin Zhongxin Pharmaceuti-
cal Co. Ltd. (Tianjin). Vinorelbine Tartrate Injection was obtained
from Jiangsu Hanson Pharmaceutical Co. Ltd (Jiangsu, China).
HPLC-grade acetonitrile and methanol were purchased from
Tianjin Concord Tech. Reagent Ltd (Tianjin). All other reagents
used were analytical-grade.

Instrumentation and Conditions

HPLC was performed by an Inertsil ODS-3 C18 (2.1 × 50 mm,
5 μm) column (Dikma, China), using a Finnigan Surveyor Plus
liquid chromatography integrated system (Thermo Finnigan
Scientific, Waltham, MA, USA). The separation was carried out with
methanol and 10 mmol/L ammonium acetate buffer, containing
1.0% formic acid (65:35, v/v), at a flow rate of 0.4 mL/min.

Mass spectrometry detection was performed using a LCQ
Advantage MAX ion trap mass spectrometer equipped with ESI
source (Thermo Finnigan Scientific, USA). Selected ion monitor-

ing (SIM) chromatograms were acquired in positive ion modes.
The SIM recording of the [M + H] + ion at m/z 779 and m/z 811 for
vinorelbine and IS was optimized as follow: source voltage, 3 kV;
capillary temperature, 250°C; capillary voltage, 32 V; sheath gas
(N2) flow rate, 0.5 L/min; auxiliary gas (N2) flow rate, 0.08 L/min.

Preparation of Stock and Working Solutions

Stock solutions for vinorelbine and IS were prepared in ace-
tonitrile, at concentrations of 100 and 150 μg/mL, respectively.
Working solutions for vinorelbine at concentrations of 1, 2, 5, 20,
100, 500 and 1000 ng/mL and IS working solution at concentra-
tions of 300 ng/mL of vinblastine were prepared from stock
solutions with acetonitrile.

Sample Preparation

The plasma samples were added with 200 μL IS working solu-
tion and vortex-mixed for 0.5 min, and then centrifuged at
6000g for 5 min. The supernatant was transferred into another
tube and evaporated to dryness under a gentle stream of nitro-
gen at 40°C. The residue was then reconstituted in 100 μL of
mobile phase. After a 0.5 min mixing on a vortex mixer and
5 min centrifugation at 6000g, an aliquot of 10 μL was injected
into the LC-ESI-MS system.
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Pharmacokinetic Study

The vinorelbine was injected into healthy SD rats via the tail vein
at a dose of 10 mg/kg, and blood samples were collected from
ophthalmic venous plexus before injection and 5, 15, 30, 45 min
and 1, 2, 4, 8, 12, 24, 48, 72 h post dose. Immediately after collec-
tion, blood samples were centrifuged at 2000g for 10 min and
the resulting plasmas were kept frozen at −20°C until analysis.
The pharmacokinetic parameters were analyzed by utilizing a
nonlinear curve-fitting software package (DAS2.1, Mathematical
Pharmacology Professional Committee of China) using a two-
compartment model.

Results and Discussion

Optimization of the Method

In positive ion ESI experiments, the SIM spectrum of vinorelbine
and IS showed the singly charged protonated ion ([M + H]+) as
the most intense ion at m/z 779 and 811, respectively. In order
to exploit the faster separation, we tested several HPLC col-
umns. The Inertsil ODS-3 C18 (2.1 × 50 mm, 5 μm) column was
found to be suitable for liquid chromatography, producing
good peak shapes and shorter run times for both the analyte
and IS.

Method Validation

As shown in Fig. 1, the result indicated that this method had good
specificity with a run time of 4 min. A representative calibration
curve with linear regression (weighting of 1/C2) for vinorelbine
was y = 0.00384 + 0.00481C. A good linearity was obtained in
the range 1–1000 ng/mL with the correlation coefficient (r 2) =
0.995 (n = 3). The average extraction recoveries of vinorelbine
were 95.9, 86.8 and 100.0% from plasma samples with 2, 20 and
500 ng/mL concentrations. The recovery of IS was 94.4%. The
LLOQ was 1 ng/mL for vinorelbine, the accuracy of which was
93.3 ± 4.8% and the RSD was 5.1%. The results of matrix effects
were 96.8–105.2% for vinorelbine and 94.6–103.4% for vinblast-
ine. The vinorelbine was stable with low values of RSD (0.6–
3.3%) and high values of recovery (99.9–105.3%) in rat plasma
for three freeze (−20°C)/thaw cycles, for 1 month when stored at
−20°C, for 24 h when stored at 4°C and for 12 h at room temper-
ature (25°C). Precision and accuracy data for vinorelbine are
shown in Table 1, and the results indicate that the method is
precise and accurate.

Pharmacokinetics

Vinorelbine in rat plasma could be determined up to 72 h after
injection using this established method. The elimination half-life
time (t1/2β) was 15.0 ± 1.9 h and the area under the curve (AUC0−t)
was 3445.6 ± 380.6 ng h/mL. These results demonstrate the applica-
bility of the method to support (pre-)clinical pharmacokinetic
studies.

Conclusion
This study has established and validated an LC-ESI-MS method
to measure vinorelbine concentration in rat plasma. Compared
with reported LC-MS methods, this method provides a simplified
sample preparation procedure, requiring only 100 μL of biologi-

cal sample and develops a more rapid analysis within 4 min. The
method was shown to be specific, precise, accurate and stabile
over a concentration range of 1–1000 ng/mL, with an LLOQ of
1 ng/mL. The method has been successfully applied to quantify
levels of vinorelbine in rat plasma for pharmacokinetic assess-
ment of vinorelbine injection.
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Figure 1. Representative LC-ESI-MS chromatograms of blank rat plasma
(A), blank rat plasma spiked with 1 ng/mL vinorelbine and 300 ng/mL
vinblastine (B) and rat plasma at 30 min after dosing 10 mg/kg of vinore-
lbine (C). Upper chromatogram: monitoring vinorelbine; lower chroma-
togram: monitoring IS.
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Table 1. Precision and accuracy for determining vinorelbine
concentration in rat plasma (n = 6)

Run Added
(ng/mL)

Determined 
mean (ng/mL)

RSD
(%)

Mean 
RE (%)

Intra-day 
variation

2.0 2.0 7.9 −6.8

1 20.0 19.0 7.5 −2.2
500.0 491.8 4.4 −0.3

2.0 2.0 2.0 1.6
2 20.0 21.1 3.0 −2.2

500.0 483.5 4.8 1.7
2.0 2.0 7.7 −1.6

3 20.0 19.9 5.5 −1.4
500.0 502.1 3.0 3.2

Inter-day 
variation

2.0 2.0 6.2 −2.3
20.0 20.0 6.7 −1.9

500.0 492.5 4.2 1.6


