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Progress  in  chemotherapy  leads  to  increased  numbers  and  variety  of  chemotherapeutic  drugs,  and  mul-
ticomponent  analysis  of  these  drugs  is  a necessary  step.  We  used  liquid  chromatography–tandem  mass
spectrometry  and  developed  a multicomponent  analysis  of  ten  drugs  used  in  chemotherapy:  vindesine,
vincristine,  vinblastine,  doxorubicin,  epirubicin,  ifosfamide,  cyclophosphamide,  irinotecan,  docetaxel,
and paclitaxel.  We  selected  five  internal  standards  for each  category  of drug,  because  the ionization  effi-
ciencies  of product  ions  varied  widely.  The  total  run  time  was  22  min,  applying  a  gradient  elution  of  water
and acetonitrile  in the presence  of  0.1%  formic  acid.  The  lower  limit  of  quantification  was 50  ng/wipe
samples  for  vindesine,  vincristine,  and  vinblastine,  and  5 ng/wipe  samples  for  the  remaining  seven
igh-performance liquid
hromatography/tandem mass
pectrometry
nvironmental monitoring
xternal exposure

drugs.  Accuracy  (88.6–112.9%,  85.2–111.7%)  and  precision  (1.0–11.5%CV,  3.6–14.4%CV)  in within-run
and  between-run  assays  of  QC  solutions  were  acceptable.  Without  outliers,  in within-run  and  between-
run assays  of  QC  samples,  accuracy  was  90.6–113.9%  and  91.1–130.4%,  respectively,  and  precision  was
2.2–19.0%CV  and  4.8–14.9%CV,  respectively.  Accuracy  and  precision  of  High  QC  samples  of  irinotecan
were  deviated.  Our  analysis  procedure  has sufficient  sensitivity  and  is  convenient  enough  for  regular
monitoring.
. Introduction

Recently, progress in chemotherapy has led to increased num-
ers and variety of chemotherapeutic drugs, and significant
umbers of cancer patients have received chemotherapy in both
mbulatory and hospital settings. At the same time, many health-
are workers expressed concern regarding the risk of occupational
xposure to hazardous drugs.

Tomioka and Kumagai [1] monitored occupational exposure
o chemotherapeutic drugs, reporting on routes of exposure and
he levels at which the drugs exert their effects. Specifically, they
escribed: (i) external exposure, including exposure to airborne

rugs and those deposited on work surfaces; (ii) internal exposure,
uch as the presence of drugs or their metabolites in blood and
rine; (iii) cellular level effects, including the presence of mutagens

n urine and the frequency of sister chromatid exchanges; and (iv)

� The name of the English checker is “Honyaku Center Inc.”.
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E-mail addresses: maeda313@hosp.med.osaka-u.ac.jp,
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© 2013 Elsevier B.V. All rights reserved.

effects at the individual level, including susceptibility to cancer and
effects on reproduction. Recent improvements in analytical instru-
ments have permitted direct investigation of external and internal
exposure.

Monitoring of specific drugs was  performed in internal and
external exposure studies [2–6], and detected amounts of platinum
compounds (cisplatin, carboplatin, and oxaliplatin), 5-fluorouracil
[7], and cyclophosphamide [8] were used as a reference values in
several countries.

In accordance with increasing chemotherapeutic drug use, mul-
ticomponent analysis of hazardous drugs in the workspace is
required. There are relatively few reports of occupational exposure
in healthcare workers [9–15].

In present study, we used liquid chromatography–mass
spectrometry/mass spectrometry (LC–MS/MS) and developed mul-
ticomponent analysis procedures for chemotherapeutic drugs. We
selected ten drugs that are commonly used in chemotherapy.
These included three vincalkaloid drugs (vindesine, vincristine,
and vinblastine), two anthracycline drugs (doxorubicin and
epirubicin), two  alkylating agents (ifosfamide and cyclophos-
phamide), one camptothecin derivative (irinotecan), and two

taxane drugs (docetaxel and paclitaxel). Internal standards were
selected according to each category of drug. The structure and
exact mass of each drug and internal standard are shown in
Table 1.

dx.doi.org/10.1016/j.jchromb.2013.01.014
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:maeda313@hosp.med.osaka-u.ac.jp
mailto:maeda313@phs.osaka-u.ac.jp
dx.doi.org/10.1016/j.jchromb.2013.01.014
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Table 1
Structure and exact mass of each drug and internal standard (IS).
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. Materials and methods

.1. Chemicals and materials

Doxorubicin, ifosfamide, cyclophosphamide and paclitaxel were
urchased from Wako Pure Chemical (Osaka, Japan). 3,4-Anhydro
incristine, used as internal standard (IS) 1, was purchased from
oronto Research Chemicals (Toronto, Canada). Docetaxel, carmi-
omycin (used as IS 2), and trofosfamide (used as IS 3) were
urchased from Santa Cruz Biotechnology (California, USA). Camp-
othecin, used as IS 4, was purchased from Tokyo Chemical
ndustry (Tokyo, Japan). Irinotecan and cephalomannine (used as
S 5) were purchased from Sigma–Aldrich (Missouri, USA). Vin-
ristine, vinblastine and epirubicin were kindly provided by Nippon
ayaku. Vindesine was kindly provided by Shionogi. Acetonitrile
nd methanol (LC–MS chromasolv) were also purchased from
igma–Aldrich (Missouri, USA), and formic acid was purchased
rom Wako Pure Chemicals.

.2. Chromatographic conditions

An Alliance 2695 HPLC separation module (Waters; MA,  USA)
ith PDA detector, cooled autosampler and column oven was used

o perform this study. Chromatographic separation was achieved
n an octadecyl silyl column (Inertsil® ODS-3; 50 mm × 2.1 mm;
article size, 3 �m;  GL Sciences, Tokyo, Japan) with a guard col-
mn (cartridge guard-column E®; 20 mm × 2.0 mm;  particle size,

 �m,  GL Sciences, Tokyo, Japan). The column oven was  maintained
t 30 ◦C and the autosampler was maintained at 5 ◦C. The mobile
hases consisted of 0.1% formic acid–water (mobile phase A) and
cetonitrile (mobile phase B). The flow rate was 0.3 ml/min and
radient elution was performed in the following manner: 15% of
obile phase B to 45% over 10 min; 45% of mobile phase B to 80%

ver 7 min. Subsequently, the concentration of mobile phase B was
inearly decreased to 15% for 1 min  and equilibrated for 4 min. Total
un time was 22 min.

.3. Mass spectrometry conditions

A tandem quadrupole MS  TQD (Waters; MA,  USA), operated
n multiple reaction monitoring (MRM)  and positive electrospray
onization (ESI) mode, was  used for detection and MassLynx 4.1
oftware was used for data acquisition and processing. MS/MS
arameters (precursor ion, product ion, cone energy, collision
nergy and retention time) of each drug were individually opti-
ized by QuanOptimize software and syringe pump infusion in

rimary mobile phase by constant flow.
.4. Preparation of stock solutions and working solutions

Vindesine was prepared in a solution of 0.1% formic acid–water
o obtain a concentration of 2 mg/ml. Camptothecin and other drugs
B 921– 922 (2013) 43– 48

were prepared in a solution of 0.1% formic acid–methanol to obtain
a concentration of 100 �g/ml and 2 mg/ml, respectively. Aliquots of
these solutions were stored at −80 ◦C, then diluted in 0.1% formic
acid–methanol to obtain a final concentration of 100 �g/ml of each
stock solution and stored at −30 ◦C.

Stock solutions of the three vincalkaloids were mixed to
form working solutions, containing 33.3 �g/ml of vindesine, vin-
cristine, and vinblastine, respectively. Stock solutions of the
other seven drugs were also mixed and diluted in 0.1% formic
acid–methanol to working solutions, containing 5 �g/ml of doxo-
rubicin, epirubicin, ifosfamide, cyclophosphamide, irinotecan,
docetaxel, and paclitaxel, respectively. The working solutions
of the internal standard mixtures were prepared by dissolving
100 �g/ml of 3,4-anhydro vincristine, and dissolving 10 �g/ml
of carminomycin, trofosfamide, camptothecin, and cephaloman-
nine, respectively. For each daily analysis, these working solutions
were freshly prepared from stock solutions, and stored at
−30 ◦C.

We  used black Eppendorf tubes for stock solutions of anthracy-
cline and vincalkaloid drugs, and for all working solutions.

2.5. Preparation of calibration standards and quality control (QC)
samples

The calibration standards and quality control (QC) samples were
prepared as working solutions. We used the following levels for cal-
ibration standards: 0, 5, 10, 20, 30, 50, 100, 200, 500, 1000 ng/mL
and equivalent concentrations to wipe samples for the three vin-
calkaloids drugs, and 0, 0.5, 1, 2, 3, 5, 10, 20, 50, 100 ng/mL and
equivalent concentrations to wipe samples for the other seven
drugs.

QC samples were obtained at concentrations of 750 and
75 ng/mL, and equivalent concentrations to wipe samples, for the
three vincalkaloids drugs and the other seven drugs, respectively
(high QC), at 100 and 10 ng/mL, and equivalent concentrations to
wipe samples, respectively (medium QC), and at 30 and 3 ng/mL,
and equivalent concentrations to wipe samples, respectively (low
QC).

2.6. Sample processing

The extraction of wipe samples for environmental assess-
ment was  a modified version of the method described in our
previous report [6].  Briefly, we first applied internal standard
mixtures, containing 10 �g of 3,4-anhydro vincristine, 500 ng of
carminomycin, trofosfamide, camptothecin, and cephalomannine
to the surfaces of sampling areas. After these areas were air-
dried, we wiped an 800 cm2 area (20 cm × 40 cm) with a Kimwipe®

S-200 (120 mm × 215 mm,  Nippon Paper Crecia, Tokyo, Japan) wet-
ted with 1 ml  of 0.1% formic acid–70% methanol. We  repeated
the wiping operation twice, then placed both sheets in light-
blocking polypropylene conical tubes and added 8 ml  of 0.1%
formic acid–70% methanol. We  shook the tubes for 30 min  at 2000
rotations per min. Extracts were then directly injected into the
LC–MS/MS equipment without dilution.

2.7. Validation procedures

Validation of the assay were separately performed for the
sampling procedure (QC solutions) and for the whole laboratory
method, included wiping and extracting procedures (QC samples),

in accordance with the FDA Guidance for Industry on Bioan-
alytical Methods Validation [16] and The European Medicines
Agency (EMA) Guideline on Bioanalytical Method Validation
[17].
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Fig. 1. Typical chromatograms of the calibration standard sample cont

Calibration standards were prepared and analyzed in 3 repli-
ates in 3 independent runs. In order to obtain acceptable linearity,
eviations from the mean concentration calculated over 3 runs
ere required to be within ±15% of nominal concentrations for

he non-zero calibration standards, except for the lower limit
f quantification (LLOQ) level where a deviation of ±20% was
llowed.

In the within-run assay, accuracy and precision were deter-
ined by analyzing five replicates of QC samples at each

oncentration for a single assay. In the between-run assay,
hese were determined by analyzing five QC samples per day at
ach concentration on 3 different days. In within-run assay and
etween-run assay, accuracy was calculated as the percent devi-

tion from the nominal concentration and was  required to be
ithin ±15%, while precision was expressed as the coefficient of

ariation (CV) at each QC concentration and could not exceed
15%.
 ten different chemotherapeutic drugs and five internal standards (IS).

3. Results

3.1. Chromatographic conditions and mass spectrometry
conditions

All drugs were clearly detected over a total run time of 22 min.
A typical chromatogram of each drug and internal standard are
shown in Fig. 1. The tandem quadrupole instrument was  deter-
mined to have sufficient sensitivity. The optimized parameters of
MS/MS  conditions are summarized in Table 2. The molecular ion
[M+H]+ of each drug was  selected as a precursor ion, and an abun-
dant fragment ion was  selected as a product ion.
3.2. Validation procedures

Different regression models were tested using Akaike’s informa-
tion criterion [18] to determine the best calibration curves for all
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Table 2
Parameters of MS/MS  conditions.

Parameters Precersor Product Cone Collision Retention
compounds ion ion energy (V) energy (V) time (min)

Vindesine 754.5 124.2 55 50 1.65
Vincristine 825.4 765.6 70 40 5.02
Vinblastine 811.4 224.1 60 45 5.75
3,4-Anhydro vincristine (IS 1) 807.4 747.5 65 30 6.22
Doxorubicin 544.5 397.2 20 12 6.18
Epirubicin 544.5 397.2 20 12 6.60
Carminomycin (IS 2) 514.2 307.2 20 25 8.29
Ifosfamide 261.0 153.9 45 25 7.21
Cyclophosphamide 261.0 140.3 45 30 7.63
Trofosfamide (IS 3) 323.1 153.9 30 25 12.69
Irinotecan 587.7 167.3 60 45 5.77
Camptothecin (IS 4) 349.1 305.2 50 25 9.51
Docetaxel 808.8 226.1 20 14 15.95
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Paclitaxel 854.8 286.3 

Cephalomannine (IS 5) 832.8 264.2 

rugs. Weighted linear regression models with a weight equal to
/x2 gave the best quantitative performance in the studied con-
entration range for all drugs, with the exception of vincristine
nd vinblastine. Quadratic regression models with a weight equal
o 1/x2 gave the best quantitative performance for vincristine and
inblastine.

A reproducible relationship between concentration and
esponse was found over the measured concentration range for
ll drugs. Mean calculated concentrations over 3 runs did not
eviate by more than ±15% from nominal concentrations for
he non-zero calibration standards. The calibration curves were
tted over a range of 5–1000 ng/wipe samples for doxorubicin,
pirubicin, ifosfamide, cyclophosphamide, irinotecan, docetaxel,
nd paclitaxel, and 50–10,000 ng/wipe samples for vindesine,
incristine, and vinblastine, respectively.

The results of QC solutions and QC samples, assured at three
C concentrations, are summarized in Table 3. Unfortunately, in

he QC samples, one of each of the High QC and Medium QC
amples showed extremely deviated values, and thus we  ana-
yzed the accuracy and precision with and without the outliers.
ccuracy and precision of High QC samples for irinotecan were
xceeded ±15%.

. Discussion

In this paper, we described the development of a multi-
omponent analysis of ten chemotherapeutic drugs assessed
sing wipe samples. The analyzed drugs are commonly used in
hemotherapy and are members of five categories; vincalkaloid
rugs, anthracycline drugs, alkylating agents, camptothecin deriva-
ives, and taxane drugs. Since the ionization efficiencies of product
ons varied widely and we will extend this analysis method to urine
amples and blood samples, we selected five internal standards
rom each category of drug. That is, 3,4-anhydrovincristine (IS 1)
as used as the internal standard for the vincalkaloid drugs, carmi-
omycin (IS 2) was used for anthracycline drugs, trofosfamide (IS
) was used for alkylating drugs, camptothecin (IS 4) was  used for
amptothecin derivatives, and cephalomannine (IS 5) was  used for
he taxane drugs. Response of analyzed drugs and corresponding
nternal standards were similar, and using internal standards were
uitable to correct ionization efficiencies.

Anthracycline drugs are light sensitive and adsorb onto glass
ontainers [19]. Thus, black Eppendorf tubes were used for stock

olutions, and light-blocking polypropylene tubes were used
uring extraction. Only brown glass vials were used in the auto-
ampler. All stock and secondary solutions were aliquoted and
tored at −30 ◦C, and were thawed only once before use.
25 24 16.48
25 20 16.09

Because vincalkaloid drugs have distinguishing indole–indoline
structures, a basic mobile phase was well-suited for positive ion-
ization [20], and therefore these drugs had a lower incidence of
collision-induced dissociation [21]. In addition, vincalkaloid drugs
were absorbed on some materials of tubes [22]. For these reasons,
the LLOQs of the vincalkaloid drugs were higher than the other
drugs and quadratic regression models provided a better fit than
linear regression models for vincristine and vinblastine in our tan-
dem MS  conditions.

The reason that some QC samples showed extremely deviated
values for the QC assay was  obviously due to improper applica-
tion of the internal standard mixtures. With the outliers removed,
the accuracy and precision of within-run and between-run assays
were within ±15% for all drugs in the three concentrations
of QC samples, except for the High QC sample of irinotecan.
Although it is uncertain why these values significantly deviated
only in the High QC sample of irinotecan, we  presumed that the
pH of the mobile phase and stock solutions might have been
affected. In solution, the lactone ring of irinotecan is in equi-
librium with the open-ring carboxylate form, and mobile phase
pH and solution concentration can significantly distort its anal-
ysis [23–25]. The deviation of the High QC irinotecan sample
was unfortunate, however, an analysis in the low concentration
range is potentially more relevant to occupational exposure studies
[26].

Although the degree of external exposure to hazardous drugs
is not directly correlated with internal exposure, keeping envi-
ronmental contamination low levels is cardinal, because dermal
penetration and inhalation are presumed to be the main route
of internal exposure [27]. Previously, we focused on occupational
exposure to epirubicin [5],  cyclophosphamide and ifosfamide [6],
and reported that external exposure to these drugs did not neces-
sarily result in internal exposure.

Detected amounts of hazardous drugs [7,8] were used as a refer-
ence value of occupational exposures in several countries. In Japan,
countermeasures to occupational exposures of healthcare workers
were lagged behind, and multicomponent external occupational
exposures studies were required.

We have already adapted our multicomponent analysis proce-
dure to external exposure studies, and the results were summarized
in Table 4 [26]. We  collected wiping samples from the surfaces of
the biological safety cabinets and from the surfaces of the tables
inside/outside a separated area, and revealed that unexpected

environmental contaminations had occasionally occurred in our
hospital. Our developed procedure has sufficient sensitivity for
external exposure studies, and is convenient enough for regular
monitoring.
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Table 3
Accuracy and precision of within-run and between-run assays for the QC solutions (the upper) and QC samples (the lower). In the within-run assay, 5 replicates were performed for a single assay, and for the between-run assay,
measurements were performed on 3 different days with 5 replicates per day.

Compounds Nominal
conc

Within-run Between-run Compounds Nominal
conc

Within-run Between-run

Accuracy (%) Precision (%CV) Accuracy (%) Precision (%CV) Accuracy (%) Precision (%CV) Accuracy (%) Precision (%CV)

Vindesine High QC 97.5 4.7 100.3 6.4 Ifosfamide High QC 106.3 1.5 108.2 3.6
Medium QC 96.4 3.9 100.5 12.2 Medium QC 98.8 5.3 109.1 11.4
Low  QC 88.6 11.5 87.3 14.4 Low QC 96.0 4.5 102.2 8.5

Vincristine High  QC 105.8 2.7 100.8 11.4 Cyclophosphamide High QC 102.6 1.0 106.4 5.1
Medium QC 103.0 6.4 95.8 10.7 Medium QC 105.0 5.3 102.9 8.7
Low  QC 112.9 6.9 102.0 13.4 Low QC 94.0 5.3 92.2 9.0

Vinblastine High  QC 101.6 5.2 103.5 5.8 Irinotecan High QC 109.6 1.6 105.9 11.1
Medium QC 103.7 6.0 103.6 12.4 Medium QC 100.0 4.9 98.5 11.8
Low  QC 98.1 8.7 104.1 14.2 Low QC 94.7 5.9 94.5 11.0

Doxorubicin High  QC 107.4 2.0 99.7 11.0 Docetaxel High QC 104.7 4.4 111.7 6.5
Medium QC 97.8 5.5 93.9 12.4 Medium QC 101.8 4.4 106.4 11.1
Low  QC 90.7 4.0 85.2 7.3 Low QC 100.1 8.4 99.0 13.8

Epirubicin High  QC 109.7 2.1 110.6 12.1 Paclitaxel High QC 99.4 1.5 100.3 10.2
Medium QC 102.0 4.0 94.8 10.3 Medium QC 97.0 2.2 99.9 7.6
Low  QC 101.3 2.9 97.0 14.0 Low QC 96.7 6.5 99.1 8.5

Compounds Nominal
conc

Within-run Between-run Compounds Nominx‘l
conc

Within-run Between-run

accuracy
(%)

precision
(%CV)

accuracy (%)
[without outlier]

precision (%CV)
[without outlier]

Accuracy
(%)

Precision
(%CV)

Accuracy (%)
[without outlier]

Precision (%CV)
[without outlier]

Vindesine High QC 102.9 4.9 102.4 6.1
Ifosfamide

High QC 105.1 2.2 113.8 [108.4] 113.8 19.1
Medium  QC 93.9 5.0 99.0 13.1 Medium QC  103.2 3.6 94.2 [97.0] 94.2 14.5
Low  QC 90.6 5.2 100.4 13.1 Low QC 92.2 4.2 97.8 97.8 10.9

Vincristine High  QC 105.4 2.4 98.6 6.7
Cyclophosphamide

High QC 107.4 3.1 108.3 [103.8] 108.3 17.8
Medium  QC 104.5 4.1 96.3 9.0 Medium QC  102.1 6.4 92.3 [93.4] 92.3 11.2
Low  QC 113.9 7.7 98.6 14.6 Low QC 102.6 3.8 97.6 97.6 10.4

Vinblastine High  QC 107.0 2.7 99.5 8.7
Irinotecan

High QC 115.2 19.0 132.0 [130.4] 132.0 15.0
Medium  QC 97.4 4.4 95.2 4.8 Medium QC  104.6 6.6 91.6 [95.0] 91.6 20.2
Low  QC 97.7 3.8 91.1 10.9 Low QC 97.4 8.2 92.3 92.3 16.7

Doxorubicin High  QC 106.2 3.9 112.1 23.8 [6.5]
Docetaxel

High QC 94.5 2.6 107.4 [102.0] 107.4 20.6
Medium  QC 106.9 7.8 99.8 15.7 [10.9] Medium QC  108.0 8.0 96.7 [98.8] 96.7 14.9
Low  QC 98.6 3.7 103.8 7.3 Low QC 103.6 7.6 101.9 101.9 10.6

Epirubicin High  QC 110.3 2.6 118.4 25.4 [6.2]
Paclitaxel

High QC 95.8 3.2 103.5 [98.5] 103.5 19.3
Medium  QC 110.7 9.8 103.2 15.5 [11.9] Medium QC  104.2 4.5 96.7 [98.9] 96.7 11.7
Low  QC 96.4 6.4 97.3 13.9 Low QC 101.5 2.5 102.9 102.9 8.8
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Table 4
Frequencies and amounts of drugs detected in wipe samples.

Sampling spots (A) Surfaces of the biological safety cabinets (B) Surfaces of the working tables inside a
separated area

(C) Surfaces of the working tables outside a
separated area

Compounds Positive samples (n = 28) Amounts (ng/wipe) Positive samples (n = 14) Amounts (ng/wipe) Positive samples (n = 28) Amounts (ng/wipe)

Vindesine 0 – 0 – 0 –
Vincristine 0 – 0 – 0 –
Vinblastine 0 – 0 – 0 –

Doxorubicin 5 7–114 0 – 0 –
Epirubicin 0 – 0 – 0 –
Ifosfamide 0 – 1 7 0 –
Cyclophosphamide 9 5–68 1 21 1 7

A

t
2

R

[

[

[

[
[

[

[

[

[
[

[

[

[

[
[
[

Irinotecan 0 – 0
Docetaxel 3 9–348 0 

Paclitaxel 1 19 1 

cknowledgements

This research was partially supported by the Japan Society for
he Promotion of Science, Grant-in-Aid for Young Scientists (B),
4790152, 2012-2013.

eferences

[1] K. Tomioka, S. Kumagai, Sangyo Eiseigaku Zasshi 47 (2005) 195.
[2]  M.  Hirst, S. Tse, D.G. Mills, L. Levin, D.F. White, Lancet 1 (1984) 186.
[3] A.S. Ensslin, Y. Stoll, A. Pethran, A. Pfaller, H. Rommelt, G. Fruhmann, Occup.

Environ. Med. 51 (1994) 229.
[4] P.J. Sessink, K.A. Boer, A.P. Scheefhals, R.B. Anzion, R.P. Bos, Int. Arch. Occup.

Environ. Health 64 (1992) 105.
[5] K. Ikeda, Y. Yagi, M.  Takegami, Y. Lu, K. Morimoto, N. Kurokawa, Hosp. Pharm.

(Philadelphia PA) 42 (2007) 209.
[6] S. Maeda, K. Miyawaki, S. Matsumoto, M.  Oishi, Y. Miwa,  N. Kurokawa, Yakugaku

Zasshi 130 (2010) 903.
[7] R. Schierl, A. Bohlandt, D. Nowak, Ann. Occup. Hyg. 53 (2009) 703.
[8] P.J. Sessink, Saf Considerations Oncol Pharm, special edition, Fall (2011).
[9] R.R. Larson, M.B. Khazaeli, H.K. Dillon, Appl Occup Environ Hyg 18 (2003) 109.
10] C. Sottani, R. Turci, R. Schierl, R. Gaggeri, A. Barbieri, F.S. Violante, C. Minoia,

Rapid Commun. Mass Spectrom. 21 (2007) 1289.

11] C. Sottani, P. Rinaldi, E. Leoni, G. Poggi, C. Teragni, A. Delmonte, C. Minoia, Rapid

Commun. Mass Spectrom. 22 (2008) 2645.
12] S. Nussbaumer, S. Fleury-Souverain, P. Antinori, F. Sadeghipour, D.F.

Hochstrasser, P. Bonnabry, J.L. Veuthey, L. Geiser, Anal. Bioanal. Chem. 398
(2010) 3033.

[

[

– 0 –
– 0 –

14 0 –

13] L. Sabatini, A. Barbieri, M.  Tosi, F.S. Violante, J. Mass Spectrom. 40 (2005) 669.
14] S. Nussbaumer, L. Geiser, F. Sadeghipour, D. Hochstrasser, P. Bonnabry, J.L.

Veuthey, S. Fleury-Souverain, Anal. Bioanal. Chem. 402 (2012) 2499.
15] J. Tuerk, T.K. Kiffmeyer, C. Hadtstein, A. Heinemann, M.  Hahn, H. Stuetzer, H.M.

Kuss, U. Eickmann, Int. J. Environ. Anal. Chem. 91 (2011) 1178.
16] U.S. Food Drug Administration, Guidance for Industry-Bioanalytical Method

Validation, U.S. Department of Health and Human Services, Food and Drug
Administration, Center for Drug Evaluation and Research, Center for Veterinary
Medicine, 2001.

17] EMA, Guideline on bioanalytical method validation, European Medicines
Agency, Committee for Medical Products for Human Use, London, UK,
2011.

18] H. Akaike, IEEE Trans. Autom. Control. 19 (1974) 716.
19] F. Lachatre, P. Marquet, S. Ragot, J.M. Gaulier, P. Cardot, J.L. Dupuy, J. Chromatogr.

B  738 (2000) 281.
20] C.W. Damen, H. Rosing, M.M.  Tibben, M.J. van Maanen, J.S. Lagas, A.H. Schinkel,

J.H. Schellens, J.H. Beijnen, J. Chromatogr. B: Analyt. Technol. Biomed. Life Sci.
868 (2008) 102.

21] D. Favretto, A. Piovan, E.M. Cappelletti, Rapid Commun. Mass Spectrom. 12
(1998) 982.

22] O. Van Tellingen, J.H. Beijnen, W.J. Nooyen, J. Pharm. Biomed. Anal. 9 (1991)
1077.

23] J.P. Loh, A.E. Ahmed, J. Chromatogr. 530 (1990) 367.
24] L.P. Rivory, J. Robert, J. Chromatogr. B. Biomed. Appl. 661 (1994) 133.
25] T. Xuan, J.A. Zhang, I. Ahmad, T. Xuan, J.A. Zhang, I. Ahmad, J. Pharm. Biomed.
Anal. 41 (2006) 582.
26] S. Maeda, M.  Oishi, Y. Miwa, N. Kurokawa, in: J.K. Srivastava (Ed.), Environmen-

tal Contamination, InTech, Rijeka, Croatia, 2012, p. 81.
27] W.  Fransman, R. Vermeulen, H. Kromhout, Ann. Occup. Hyg. 48 (2004)

237.


	Multicomponent high-performance liquid chromatography/tandem mass spectrometry analysis of ten chemotherapeutic drugs in w...
	1 Introduction
	2 Materials and methods
	2.1 Chemicals and materials
	2.2 Chromatographic conditions
	2.3 Mass spectrometry conditions
	2.4 Preparation of stock solutions and working solutions
	2.5 Preparation of calibration standards and quality control (QC) samples
	2.6 Sample processing
	2.7 Validation procedures

	3 Results
	3.1 Chromatographic conditions and mass spectrometry conditions
	3.2 Validation procedures

	4 Discussion
	Acknowledgements
	References


