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ABSTRACT: A fast, selective and sensitive ultraperformance liquid chromatography–tandem mass spectrometry method was
developed for determination and pharmacokinetic study of anastrozole in human plasma. Plasma sample pretreatment
involved a one-step extraction with diethyl ether of 500 mL plasma. The chromatographic separation was carried out on an
Acquity UPLCTM BEH C18 column with a mobile phase consisting of methanol–10 mmol/L ammonium acetate (75:25, v/v) at a
flow rate of 0.30 mL/min. The detection was performed on a triple quadrupole tandem mass spectrometer by multiple reaction
monitoring via electrospray ionization source with positive mode. A high throughput was achieved with a run time of 1.5 min
per sample. The standard curve for anastrozole was linear (r2 � 0.99) over the concentration range of 0.0550–27.5 ng/mL with
a lower limit of quantification of 0.0550 ng/mL. The intra- and inter-day precision (relative standard deviation) values were not
higher than 14% and the accuracy (relative error) was within �3.2% at three quality control levels. This simple, fast and highly
sensitive method was fully validated and successfully applied to a clinical pharmacokinetic study of anastrozole in healthy
volunteers after oral administration. Copyright © 2010 John Wiley & Sons, Ltd.
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Introduction
Anastrozole {2,2’-[(5-1H-1,2,4-triazole-1-y-methyl) -1,3- pheny-
lene]bis(2-methylpropiononitrile)} is a widely used third
generation aromatase inhibitor as a primary treatment for post-
menopausal women with hormone receptor-positive, early-stage
or metastatic breast cancer. In postmenopausal women, plasma
estrogen, which promotes proliferation of breast cancer cells, is
derived not from ovarian synthesis but from the conversion of
adrenal androgen by the cytochrome P450 enzyme complex aro-
matase. As aromatase inhibitors suppress the conversion of
androgen to estrogen, anastrozole lowers estrogen levels,
leading to a decreased tumor mass or delayed progression of
tumor growth. Because it is highly selective and well tolerated
with a long half-life, anastrozole has a great advantage of conve-
nience with a once-daily oral dosage of 1 mg (Howell et al., 2003;
Sanford and Plosker, 2008; Hiscox et al., 2009).

Because of the low dose (1 mg), the plasma concentration of
anastrozole is rather low, which requires a sensitive method for
the quantitation and establishment of the pharmacokinetic
profile of anastrozole. A few analytical techniques have been
applied to the quantification of anastrozole in human plasma.
Capillary gas chromatographic techniques with electron capture
detection were used to determine anastrozole in plasma, which
provided a lower limit of quantification (LLOQ) of 0.500 ng/mL
(Bock et al., 1997; Yuan et al., 2001; Duan et al., 2002). However,
these methods tended to lack sensitivity and needed long chro-

matography run time (longer than 10 min). Recently, liquid
chromatography–tandem mass spectrometry (LC-MS/MS) was
used in the determination of anastrozole. The method developed
by Mendes et al. (2007) achieved an LLOQ of 0.0500 ng/mL.
However, the mobile phase containing acetonitrile, methanol,
water, acetone, acetic acid and ammonium acetate was very
complex and the particular atmospheric pressure photospray
source used in the method is not accessible to most of analytical
laboratories, which limited the application of the method. Apos-
tolou et al. (2008) developed a method employing a protein pre-
cipitation prior to liquid–liquid extraction achieving an LLOQ of
0.100 ng/mL. An LC-MS/MS method reached a sensitivity of
0.300 ng/mL, accomplished by coupling with solid-phase extrac-
tion of plasma samples (Jangid et al., 2009).

Ultraperformance liquid chromatography (UPLC) system
coupled to tandem mass spectrometry is able to provide high
separation performance, significant reduction of the matrix
effect, highly analysis speed and improved sensitivity. Therefore,
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UPLC-MS/MS possesses advantages in terms of sensitivity and
sample throughput over conventional LC-MS/MS system and is
rapidly applied to the analysis of drugs in the biological sample
(Churchwell et al., 2005; Wang et al., 2008).

This paper describes a selective, simple, fast and sensitive
UPLC-MS/MS approach which enables a rapid determination of
anastrozole with good accuracy. The total run time was 1.5 min
per sample and the sample preparation was simpler and faster
than previous methods. The method was fully validated and
applied to the pharmacokinetic study in healthy volunteers after
oral administration of anastrozole tablets.

Experimental

Materials and Reagents

The reference standards of anastrozole (99.5% of purity) and verapamil
(internal standard, IS, 99.5% purity) were purchased from the National
Institute for Control of Pharmaceutical and Biological Products (Beijing,
PR China). Methanol of HPLC grade was obtained from Tedia (Fairfield,
OH, USA). Ammonium acetate (HPLC grade) was purchased from Dikma
(Richmond Hill, NY, USA). Water was purified by redistillation and filtered
through a 0.22 mm membrane filter before use.

Apparatus and Operation Conditions

Liquid chromatography. The chromatography was performed on
an AcquityTM UPLC system (Waters Corp., Milford, MA, USA) with a cooling
autosampler and column oven enabling temperature control. An Acquity
UPLCTM BEH C18 column (50 ¥ 2.1 mm, 1.7 mm; Waters Corp., Milford, MA,
USA) was employed and the column temperature was maintained at
40°C. The mobile phase was composed of methanol–10 mmol/L ammo-
nium acetate (75:25, v/v) with a flow rate set at 0.30 mL/min. The
autosampler was conditioned at 4°C and the injection volume was 10 mL.

Mass spectrometry. Triple-quadrupole tandem mass spectrometric
detection was carried out on a Micromass® Quattro microTM API mass
spectrometer (Waters Corp., Milford, MA, USA) with an electrospray ion-
ization (ESI) interface. The ESI source was set in positive ionization mode.
The quantification was performed using multiple reaction monitoring
(MRM) of the transitions of m/z 294.0→225.0 for anastrozole, m/z
455.1→164.9 for verapamil (IS), respectively, with a scan time of 0.10 s per
transition. The optimal MS parameters were as follows: capillary voltage,
1.0 kV; cone voltage, 30 V; source temperature, 110°C; and desolvation
temperature, 450°C. Nitrogen was used as the desolvation and cone gas
with a flow rate of 600 and 30 L/h, respectively. Argon was used as the
collision gas at a pressure of approximately 2.61 ¥ 10-3 mbar. The opti-
mized collision energy for anastrozole and verapamil was 20 and 30 eV,
respectively. All data collected in centroid mode were acquired and pro-
cessed using MassLynxTM NT 4.1 software with QuanLynxTM program
(Waters Corp., Milford, MA, USA).

Preparation of Standard and Quality Control Samples

Stock solutions of anastrozole and verapamil were prepared in methanol
at the concentrations of 55.0 and 109 mg/mL, respectively. The internal
standard solution was prepared by diluting the IS stock solution with a
mixture of methanol–water (50:50, v/v) to 10.9 ng/mL. The anastrozole
stock solution was serially diluted with a mixture of methanol–water
(50:50, v/v) to provide working standard solutions of the desired concen-
trations. For preparation of quality control (QC) samples another anastro-
zole solution was prepared at a concentration of 110 mg/mL. All
the solutions were stored at 4°C and brought to room temperature
before use.

The calibration standards were prepared daily by spiking 500 mL of
blank plasma with 50 mL working standard solutions of anastrozole and
50 mL internal standard solution (10.9 ng/mL). The effective concentra-

tions in standard plasma samples were 0.0550, 0.220, 0.550, 1.65, 5.50,
11.0 and 27.5 ng/mL. The QC samples were prepared in bulk with blank
plasma at LLOQ, low, mid and high concentrations of 0.0550, 0.110, 1.10
and 22.0 ng/mL, aliquoted and stored at -20°C after preparation. The
standards and quality controls were extracted on each analysis day with
the same procedures for plasma samples as described below.

Plasma Sample Preparation

To a 500 mL aliquot of plasma sample in a 10 mL clean glass tube, 50 mL of
internal standard (10.9 ng/mL) was added. The samples were vortexed for
30 s and 3 mL of diethyl ether was added. The mixture was vortex-mixed
for 60 s. After centrifugation at 3500g for 10 min, the upper organic layer
was then transferred into a clean glass tube and evaporated to dryness at
40°C under a gentle stream of nitrogen. The residue was reconstituted in
200 mL of methanol–water (50:50, v/v), and transferred to an autosampler
vial. An aliquot of 10 mL was injected onto the UPLC-MS/MS system for
analysis.

Method Validation

The method was validated for selectivity, linearity, precision, accuracy,
extraction recovery and stability according to FDA guidance for valida-
tion of bioanalytical methods (US Food and Drug Administration, Center
for Drug Evaluation and Research, 2001). The validation runs were con-
ducted on three consecutive days. The peak area ratios of anastrozole to
the IS of QC samples were interpolated from the calibration curve on the
same day to give the concentration of anastrozole. The results from QC
samples in three runs were used to evaluate the precision and accuracy of
the method.

The selectivity was evaluated by comparing the chromatograms of six
different batches of heparinised blank plasma from six subjects with
those of corresponding standard plasma samples spiked with anastrozole
and IS and plasma sample obtained after oral dose of anastrozole tablets.

Calibration curves were constructed by assaying standard plasma
samples at seven concentrations in the range of 0.0550–27.5 ng/mL. The
linearity of each calibration curve was determined by plotting the peak
area ratio (y) of anastrozole to IS vs the nominal concentration (x) of
anastrozole with weighted (1/x2) least square linear regression.

The lower limit of quantification is defined as the lowest concentration
on the calibration curve with an acceptable accuracy (relative error, RE)
within � 20% and a precision (relative standard deviation, RSD)
below 20%.

The intra-day precision and accuracy were evaluated by analysis of
replicate QC samples of anastrozole on one day. The validation run con-
sisted of two sets of calibration standards and six replicates of QC samples
at three concentrations. For determining the inter-day accuracy and pre-
cision, analysis of three batches of QC samples was performed on three
consecutive days. The precision was expressed as RSD and the accuracy
as RE.

The extraction efficiency of anastrozole was determined by analyzing
six replicates of QC samples at three concentration levels of 0.110, 1.10
and 22.0 ng/mL. The extraction recovery was calculated by comparing
the peak areas obtained from extracted spiked samples with those of
samples spiked post-extraction at corresponding concentrations. To
evaluate the matrix effect, anastrozole at three concentration levels was
added to the extract of 500 mL of blank plasma, dried and reconstituted
with 200 mL of methanol–water (50:50, v/v). The peak areas (A) were com-
pared with those of the standard solutions containing equivalent
amounts of the compound dried directly and reconstituted with the same
solvent (B). The ratio (A/B ¥ 100)% was used to evaluate the matrix effect.
The extraction recovery and matrix effect of IS were also evaluated using
the same procedure.

The stability of anastrozole in human plasma was assessed by analyz-
ing three replicates of low, mid and high QC samples during the sample
storage and processing procedures. The freeze–thaw stability was per-
formed by subjecting the unextracted QC samples to three freeze
(-20°C)–thaw (room temperature) cycles. The QC samples were stored at
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-20°C for 30 days and at ambient temperature for 4 h to determine long-
term and short-term stability, respectively. The post-preparation stability
was studied by analyzing the extracted QC samples kept in the autosam-
pler at 4°C for 12 h. All stability testing QC samples were determined by
using a calibration curve of freshly prepared standards. The determined
concentrations were compared with the nominal values.

Pharmacokinetic Study

The method was applied to determine the plasma concentrations of
anastrozole from a clinical trial in which 20 healthy male volunteers
received one anastrozole tablet (containing 1 mg anastrozole each). The
pharmacokinetic study was approved by the local Ethics Committee and
carried out in the hospital. All volunteers gave their signed consent to
participate in the study according to the principles of the Declaration of
Helsinki. Blood samples were collected into sodium heparin-containing
tubes before and 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 8.0, 12.0, 24.0, 48.0, 72.0, 96.0,
122.0 and 144.0 h post-dosing. The plasma was separated by centrifuga-
tion and stored at -20°C until analyzed.

The maximum plasma concentrations (Cmax) and their times (Tmax) were
noted directly from the measured data. The elimination rate constant (ke)
was calculated by linear regression of the terminal points of the semi-log
plot of plasma concentration against time. The elimination half-life (t1/2)
was calculated using the formula t1/2 = 0.693/ke. The area under the
plasma concentration-time curve (AUC0–t) to the last measurable plasma
concentration (Ct) was calculated by the linear trapezoidal rule. The area
under the plasma concentration–time curve to time infinity (AUC0-•) was
calculated as: AUC0-• = AUC0-t +Ct/ke.

Results and Discussion

Selection of Internal Standard

According to FDA guidance, an internal standard in the analysis
of biological sample could be a stable labeled compound or a
structurally similar analog of analyte (US Food and Drug Admin-
istration, Center for Drug Evaluation and Research, 2001). Deuter-
ated standard would be the preferred internal standard in
LC-MS/MS assay; however, in our study it was not commercially
available. Therefore, several substances such as verapamil,
diphenhydramine and chlorphenamine were tested. Finally, vera-
pamil was chosen as the IS by virtue of its similarity in chromato-
graphic behavior, mass spectrometric response and extraction
efficiency to anastrozole.

Optimization of Mass Spectrometry

UPLC-MS/MS operation parameters were carefully optimized for
the determination of anastrozole. A standard solution (1.00 mg/
mL) of anastrozole and verapamil was directly infused along with
the mobile phase into the mass spectrometer with ESI as the
ionization source. The mass spectrometer was tuned in both posi-
tive and negative ionization modes for anastrozole. The response
observed in positive ionization mode was higher than that in
negative ionization mode. In the precursor ion full-scan spectra,
the most abundant ions were protonated molecules [M + H]+ m/z
294.0 and 455.1 for anastrozole and verapamil, respectively.
Parameters such as desolvation temperature, ESI source tempera-
ture, capillary and cone voltage, flow rate of desolvation gas and
cone gas were optimized to obtain the highest intensity of pro-
tonated molecule of anastrozole. The product ion scan spectra
(Fig. 1) showed high abundance fragment ions at m/z 225.0 and
164.9 for anastrozole and IS, respectively. The collision gas pres-
sure and collision energy of collision-induced decomposition
(CID) were optimized for maximum response of the fragmenta-

tion of m/z 225.0 for anastrozole. Multiple reaction monitoring
(MRM) using the precursor → product ion transitions of m/z 294.0
→ m/z 225.0 and m/z 455.1 → m/z 164.9 were employed for
quantification of anastrozole and IS, respectively.

In the literature, it was reported that an atmospheric pressure
photoionization (APPI) could offer higher sensitivity for anastro-
zole than ESI (Mendes et al., 2007). In our study, however, a similar
sensitivity with a wider linear range for anastrozole was achieved
by using ESI. This would be attributed to the strengthened advan-
tages of a triple quadrupole mass spectrometer with ESI source
by coupling to a UPLC system.

Optimization of Chromatography

Chromatographic conditions were optimized to obtain high sen-
sitivity and sample throughput. The mobile phase systems of
acetonitrile–water and methanol–water in various proportions
were tested. The response of anastrozole was obviously higher
with methanol–water as the mobile phase than with acetonitrile–
water. Methanol proportion in the mobile phase from 60 to 80%
was considered in the following experiment. In view of the
response, retention times and peak shapes of both anastrozole
and IS, 75% methanol was the best.

The ionization of anastrozole and IS was increased by adding
additives in the mobile phase. The response of anastrozole was
distinctly increased by adding ammonium acetate. Both anastro-
zole and IS were found to have the highest response and the best
peak shapes in the mobile phase containing 10 mmol/L ammo-
nium acetate. This dual component mobile phase is simpler than
those reported in the literature, which contained six components
or needed a pH adjustment (Mendes et al., 2007; Apostolou et al.,
2008).

Figure 1. Full-scan product ion mass spectra of [M + H]+ of anastrozole
(A), and verapamil (IS) (B).
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Two channels were used for recording the response, channel 1
for anastrozole at retention time of 0.76 min, and channel 2 for
the IS at retention time of 1.07 min. As shown in Fig. 2, both
anastrozole and IS were well separated. No interference was
observed for either anastrozole or IS The very sharp chromato-
graphic peaks indicated a high chromatographic efficiency of the
UPLC system, which pushed the limits of both analysis speed and
peak capacity without compromising resolution. Both anastro-
zole and IS were rapidly eluted with a total run time of 1.5 min per
sample. This is the shortest analysis time reported so far for the
determination of anastrozole, which is contributed by the com-
bination of fast UPLC and selective MRM. This method meets the
requirement for high sample throughput in bioanalysis.

Selection of Extraction Method

Liquid–liquid extraction was chosen as the method for sample
preparation because this technique could produce not only puri-
fied but also concentrated samples. Several extraction solvents
such as diethyl ether, diethyl ether–dichloromethane and hexane
were investigated, and the extraction recovery were 83.5, 72.1
and 78.2%, respectively. Moreover, the boiling point of anhy-
drous diethyl ether is lower, and it was evaporated to dryness
more quickly. Therefore, diethyl ether was employed as the
extraction solvent. This extraction procedure is more convenient,
simpler and faster than the reported ones, which required diethyl
ether–dichloromethane (70:30,v/v), methyl tert-butyl ether after
protein precipitation with acetonitrile or solid-phase extraction
(Mendes et al., 2007; Apostolou et al., 2008; Jangid et al., 2009).
The mean recovery of anastrozole in our method was 83.5%,
which was higher than 68.3 and 69.3% in the literature (Mendes
et al., 2007; Apostolou et al., 2008).

Method Validation

Selectivity. The comparison of the chromatograms of blank
human plasma with those of the spiked plasma demonstrated a
satisfactory selectivity of the method. As shown in Fig. 2, no inter-
ference from endogenous substance was observed at the reten-
tion time of anastrozole and IS.

Linearity and LLOQ. The standard calibration curves for anas-
trozole were linear over the concentration range of 0.0550–
27.5 ng/mL (r2 � 0.99) using weighted least square linear
regression analysis with a weighing factor of 1/x2. A representa-
tive regression equation for the calibration curve was y = 1.51 ¥
10-1x + 1.86 ¥ 10-3, r = 0.9940.

The LLOQ for anastrozole was 0.0550 ng/mL in plasma with
10 mL of sample solution injected onto the UPLC column. The
precision and accuracy for LLOQ are presented in Table 1 with RE
within �20% and RSD lower than 20%. Compared with the pre-
vious methods, the present method provided a higher sensitivity
with an LLOQ of 0.0550 ng/mL (Apostolou et al., 2008; Jangid
et al., 2009). The use of a 1.7 mm particles-packed column in UPLC
led to a reduction in the number of co-eluting species and it
seemed to be particularly advantageous when coupled to ESI-
MS/MS, providing a higher spectral purity of peaks and an appar-
ent reduction in ion suppression and hence lower limits of
detection. The sensitivity of the current method could be further
improved by reducing sample reconstitution volume.

With the present LLOQ of 0.0550 ng/mL, the anastrozole con-
centration can be determined in plasma samples until 144.0 h

Figure 2. Representative MRM chromatograms of anastrozole (peak 1,
channel 1) and verapamil (IS peak 2, channel 2) in human plasma samples.
(A) Blank plasma sample; (B) blank plasma spiked with anastrozole at the
LLOQ of 0.0550 ng/mL and IS (10.9 ng/mL); (C) plasma sample from a
volunteer 1.0 h after oral administration of anastrozole.514
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after a single oral dose of 1 mg anastrozole, which is sensitive
enough to investigate the pharmacokinetic behavior of anastro-
zole in human.

Precision and accuracy. The data of the intra- and inter-day
precision and accuracy of the method are given in Table 1. The
intra- and inter-day RSDs were not more than 9.2 and 14%, and
REs were from -1.7 to 3.2% at three QC levels, indicating accept-
able precision and accuracy of the present method.

Extraction recovery and matrix effect. The extract recoveries
of anastrozole from human plasma were 80.2 � 8.8, 87.7 � 5.3
and 82.6 � 7.8% at concentrations of 0.110, 11.0, 22.0 ng/mL
respectively. The mean extraction recovery of IS was 84.2 � 6.8%.
The recoveries were much higher than those reported in the
literature (Mendes et al., 2007; Apostolou et al., 2008).

Matrix effect is due to co-elution of some components present
in biological samples. The possibility of a matrix effect caused by
ionization competition between the analytes and co-elutents
exists when using MS/MS for analysis. Thus, the evaluation of
matrix effect from the influence of co-eluting components on
analyte ionization is necessary for a UPLC-MS/MS method. All the
ratios defined above were determined between 85 and 115%,
which meant no significant matrix effect for anastrozole and IS in
this method.

Stability of samples. The results from all stability tests are pre-
sented in Table 2, which indicated a good stability of anastrozole
in plasma stored at room temperature for 4 h, at -20°C for 30 days
and during three freeze–thaw cycles, and in prepared samples at
4°C for 12 h. The method is therefore proved to be applicable for
routine analysis.

Pharmacokinetic Study

This validated UPLC-MS/MS method was successfully applied to
the pharmacokinetic study of anastrozole in healthy male volun-
teers after oral administration. The mean plasma concentration–
time curve of anastrozole in single dose study is shown in
Fig. 3.

After administration of a single dose of 1 mg anastrozole, the
Cmax and Tmax were 15.98 � 3.93 ng/mL and 1.50 � 0.63 h respec-
tively. The plasma concentration declined with a t1/2 of 41.62 �
7.41 h. The AUC0–t and AUC0–• values obtained were 730.3 � 138.6
and 804.6 � 152.7 ng h/mL respectively. These pharmacokinetic
parameters were in accordance with those reported in the litera-
ture, indicating the applicability of this method to the pharma-
cokinetic study of a single oral dose of anastrozole (Apostolou
et al., 2008; Jangid et al., 2009).

Conclusion
A fast, selective and sensitive UPLC-MS/MS method for the deter-
mination of anastrozole in human plasma is described. The sharp
peaks produced by UPLC were of particular advantage when
coupled with electrospray tandem mass spectrometry. A high
sensitivity with an LLOQ of 0.0550 ng/mL in plasma was achieved.
A short analysis time of 1.5 min per sample and a relatively simple
preparation procedure with one-step liquid–liquid extraction
showed greater simplicity and efficiency for analyzing a large
number of plasma samples. This method has been successfully
applied to a pharmacokinetic study of anastrozole tablets in
healthy volunteers.

Table 1. Precision and accuracy for the determination of anastrozole in human plasma. Data are expressed as means � SD (n = 6)

Added C (ng/mL) Found C (ng/mL ) Intra-run RSD (%) Inter-run RSD (%) Accuracy RE (%)

LLOQ 0.0550 0.0568 � 0.0054 9.2 11 3.2
Low QC 0.110 0.110 � 0.010 8.3 13 0.4
Mid QC 1.10 1.08 � 0.08 5.4 14 -1.7
High QC 22.0 21.8 � 1.7 6.9 13 -0.8

Table 2. Stability of anastrozole in human plasma at three QC levels (means � SD, n = 3)

Stability Accuracy (mean � SD) (%)
Low QC, 0.110 ng/mL Mid QC, 1.10 ng/mL High QC, 22.0 ng/mL

Short-term stability 0.101 � 0.004 1.01 � 0.03 21.7 � 1.5
Long-term stability 0.106 � 0.011 1.17 � 0.08 24.0 � 0.8
Freeze–thaw stability 0.108 � 0.008 1.02 � 0.06 21.3 � 0.9
Post-preparative stability 0.119 � 0.003 0.97 � 0.03 21.5 � 1.4

Figure 3. Mean plasma concentration–time curve of anastrozole in 20
male volunteers after a single oral dose of 1 mg anastrozole.
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