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Owing to the efficacy and popularity of anastrozole in the treatment of estrogen receptor-positive breast cancer, 
interest in analytical methods for its quantitative measurement both in pharmaceutical dosage formulations 
and Biological samples has risen sharply for a decade. This paper reviews the existing chromatographic 
methods, which are based on two popular detection methods: high performance liquid chromatography and gas 
chromatography mass spectrometry. The Current high performance liquid chromatography methods with UV 
detection so far reported; focus primarily on determining the concentration of anastrozole in pharmaceutical 
dosage formulations. However, such methods are insufficient in measuring the concentrations yielded in 
biological samples when the relatively low doses (1 mg daily) recommended for breast cancer treatment are 
used. Therefore, there is limited applicability of HPLC-UV detection methods for quantitative measurements 
of anastrozole in biological samples. A number of methods combining liquid chromatography with tandem 
mass spectrometry with limits of quantitation as low as 0.05 ng/ml have been developed for anastrozole 
measurement in plasma. A few methods on active pharmaceutical ingredients have also been reported. On the 
other hand, only a few gas chromatography methods have successfully been developed for the determination of 
anastrozole concentrations. In majority of the methods, where relevant, parameters such as selectivity, linearity, 
limit of detection, limit of quantitation, and accuracy have been considered, and recovery assessments during 
accuracy evaluation are generally satisfactory, with reported values ranging between 81 and 109%. However, a 
significant number of these studies did not use an internal standard to correct for the area of anastrozole, making 
their accuracies questionable. Overall, the current available detection methods for anastrozole are inadequate, 
and improved method validation techniques as well as simple and affordable anastrozole quantification methods 
in both pharmaceutical dosage formulations and especially biological samples are needed.
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Globally, breast cancer is the most common 
malignancy encountered by women and is reported to 
be one of the leading causes of death especially in the 
less developed regions[1]. It has been estimated that 
approximately 80% of breast cancers are estrogen-
receptor (ER) positive[2]. Both ERs and estrogen 
biosynthesis pathways are the main therapeutic targets 
for breast cancer. For about three and half decades, 
tamoxifen (TAM), which works by competitively 
blocking estrogen from binding the ERs, has been 
the major drug of choice for the treatment and 
prevention of ER-positive breast cancers in pre- 
and post-menopausal women[3]. On the other hand, 
anastrozole (ANA) and other aromatase inhibitors 
(AIs) target the estrogen biosynthesis pathway by 
inhibiting aromatase, a rate-limiting enzyme in the 
biosynthesis of estrogen[4]. 

Currently, TAM is still a valuable treatment option in 
breast cancer therapy[5]. However, its long term use 
is limited by life-threatening adverse effects[6-9], and 
some patients can become resistant[10,11]. As a result 

of these challenges, three AIs including ANA were 
introduced to either serve as TAM alternatives or to be 
used following several years of TAM therapy[4,10,12-14].

ANA is widely used in the adjuvant therapy of 
post-menopausal women with breast cancer. This 
drug significantly decreases plasma estradiol (E2) 
concentrations when administered at 1 or 10 mg/
day, with both doses being capable of suppressing E2 
production[4,15,16]. ANA acts by inhibiting aromatase, 
an enzyme responsible for converting androgens 
into estrone and E2, subsequently suppressing these 
hormones in the peripheral tissues as well as at 
several locations in the central nervous system[4,17].

Chemistry and metabolism of ANA:

ANA (fig. 1) is a non-steroidal, third-generation 
achiral triazole derivative that is chemically known 
as 2,2-[5-(1H-1,2,4-triazol-1-ylmethyl)-1,3-
phenylene]bis(2-methylpropiononitrile)[15]. The 
main site of ANA metabolism is in the liver[18]. Here, 
it undergoes oxidation (catalyzed by CYP3A4) 
to form hydroxy-anastrozole, which may further 
undergo glucuronidation (catalyzed by UGT1A4) *Address for correspondence
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to yield conjugated hydroxy-anastrozole. ANA 
can also be directly glucuronidated to anastrozole 
N-glucuronide[18-21]. A schematic representation of 
the biotransformation pathway is shown in fig. 1.

Following administration of a single radiolabeled dose 
of ANA (1 mg) to human subjects, approximately 60% 
of the administered dose was excreted as metabolites 
while another 10% was excreted unchanged in the 
urine[22]. Triazole, hydroxyl-anastrozole, hydroxyl-
anastrozoleglucuronide and anastrozoleglucuronide 
constitute major ANA metabolites, reported to 
be present in the plasma and the urine of patients 
taking the drug (fig. 1)[19,21]. However, to date, the 
exact pharmacological activity of these metabolites 
has yet to be fully established[18,20,23]. In a recent 
study, the triazole metabolite of ANA could not be 
identified[21,23], thus questioning the rationale for 
developing methods for their detection.

Chromatographic analyses of ANA:

The chromatographic separation of ANA is valuable 
mainly because it can be used in the identification 
and quantification of the drug. Although ANA 
has only recently become available in the market 
(September 2002), a number of chromatographic 
methods have been developed which include UV-

spectrophotometric method for estimation of ANA in 
bulk and in pharmaceutical dosage formulations[24], 
high performance liquid chromatography 
(HPLC) techniques for determination of ANA 
in bulk and pharmaceutical dosage forms[25-29], 
liquid chromatography-mass spectrometry/mass 
spectrometry (LC MS/MS)[25,30-33], ultra-performance 
liquid chromatography (UPLC)-tandem mass 
spectrometric method for ANA detection in human 
plasma[34], capillary gas chromatography[35,36] 

and high performance thin layer chromatography 
(HPTLC)[37]. However, owing to the growing 
interest in pharmacogenetic studies involving 
ANA and other active pharmaceutical ingredients 
(APIs), simple, sensitive, affordable and rapid 
chromatographic techniques for ANA quantification 
in biological samples are still needed. The type of 
chromatographic method selected is governed by a 
number of factors including the required sensitivity, 
the chromatographic resolution needed, the nature of 
the biological matrix. The different HPLC and LC-MS/
MS methods previously reported for the determination 
of ANA are summarized in Tables 1 and 2.

The use of an internal standard (IS) in quantitative 
determination of ANA based on chromatographic 
methods is indispensable because of the role it plays in 
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Fig. 1: In vitro biotransformation pathways of anastrazole.
In vitro biotransformation pathways of anastrazole showing its oxidation and glucuronidation pathways, mediated by the CYP and UGT 
enzymes. Reproduced from Kamdem et al.[21] with permission
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correcting the unknown losses in the techniques used. 
The IS varies by method, depending on the chemical 
properties of the intended target drug planned to be 
used as an IS as well as its availability. As much as 
possible, drugs that are not naturally present in the 
biological samples to be studied are used as IS. In 
addition, the IS should ideally, yield a peak with good 
resolution, elute close to the analyte being measured, 
not chemically react with the sample and be present 
in approximately the same concentration as the 
analyte being quantified[38]. Table 3 summarizes the 
various ISs reported in the literature. It is important 
to note that due to the relatively low recommended 
dose of ANA for breast cancer therapy (1 mg daily), 

the quantification of ANA in biological samples such 
as plasma and urine has posed a lot of challenges. 
The low ANA concentration limits the number of 
analytical methods available for ANA detection in 
human plasma.

API is a term defined in ICH Q7 as “any substance 
or mixture of substances intended to be used in the 
manufacture of a drug product and that, when used in 
the production of drug, becomes an active ingredient 
in the drug product. Such substances are intended 
to furnish pharmacological activity or other direct 
effect in the diagnosis, cure, mitigation, treatment or 
prevention of disease or to affect the structure and 
function of the body”[39]. The process of API involves 

Mobile phase Column/stationary 
phase

Detection 
wavelength

(nm)

Retention 
time (min)

LOD (µg/
ml)

LOQ (µg/
ml)

References

ACN:methanol (50:50) Hichrom RPB 18 
(250×4.6 mm, 5.0 µm)

215 10.9 - - [32]

ACN:ammonium acetate 
(50:50)

Inertstil ODS-3V 
(250×4.6 mm, 5.0 µm)

210 6.5 - - [40]

ACN:ammoniumformate 
(40:60)

Oyster ODS-3 (100×4.6 
mm, 3.0 µm)

215 10.0 - - [25]

ACN:phosphate buffer 
(50:50)

Gracesmart RP18 
(100×4.6 mm, 5.0 µm)

215 5.3 0.351 1.053 [28]

ACN:water (46.5:53.5) Symmetry® C-8 (100×4.6 
mm, 3.5 µm)

270 4.8 2.200 6.700 [29]

ACN:ammonium acetate 
(proportion unspecified) 

Inertsil C-8 (250×4.6 
mm, 5 µm)

215 23.2 0.008 0.016 [26]

ACN:water (45:55) Inertsil ODS C18 (250×4.6 
mm, 

215 4.4 0.615 1.863 [27]

TABLE 1: COMPARISON OF EXISTING HPLC METHODS FOR ANASTRAZOLE ANALYSES USING UV DETECTION

ACN-acetonitrile, LOD-limit of detection, LOQ-limit of quantification

TABLE 2: COMPARISON OF EXISTING LC-MS/MS METHODS FOR ANALYSES OF ANASTRAZOLE 
Mobile phase Column/stationary phase Extraction 

method
LOQ (ng/

ml)
Analytical 
time (min)

References

ACN:AA (proportion 
unspecified)

Merck Purospher® Star RP-18 (55×4 
mm, 3.0 µm)

Liquid-liquid - - [41]

ACN:MeOH:AA 
(proportion 
unspecified)

Genesis C18 (100×2.1 mm, 4.0 µm) Liquid-liquid 0.05 2.5 [42]

ACN/MeOH:AA (90:10) YMC cyano (50×4.0 mm, particle 
size unspecified)

Liquid-liquid 0.10 1.6 [30]

ACN:water (50:50) Inertsil ODS-3V (250×4.6 mm, 5.0 
µm)

- 0.06 - [31]

ACN:formic acid (88:12) Hypurity C18 (50×4.6 mm, 5.0 µm) Solid-phase 0.30 2.5 [43]

Methanol Eurosphere-C18 (200×0.5 mm, 5.0 
µm) 

Solid phase - 16.0 [44]

ACN:formic 
acid  (proportion 
unspecified)

BEH C18 (100×2.1 mm, 1.7 µm) Solid phase 0.10 - 
2.00

- [45]

ACN:formic acid (50:50) Luna 3 µm C18(2) (100×2 mm) Solid phase 0.10 - [18]

ACN:formic acid (50:50) Luna 3 µm C18(2) (100×2 mm) Solid-phase 0.10 - [21]

ACN-acetonitrile, AA-ammonium acetate, LOQ-limit of quantification, MeOH-methanol
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a number of steps that may include multi-step 
chemical synthesis and fermentation, purification, 
crystallization, drying, milling, packing, labeling and 
testing.

HIGH-PERFORMANCE LIQUID CHRO-
MATOGRAPHY

Chromatographic system is a technique that 
encompasses separation of components or solutes of 
a mixture according to the relative concentration of 
each solute distributed between the mobile phase and 
the stationary phase. The mobile phase may be either 
a liquid or a gas, while the stationary phase can either 
be a solid or a liquid. Quantitation of ANA by HPLC 
has been conducted with UV detection; however, 
the weakness of most of the methods reported in the 
literature is that many of them were not validated in 
biological samples. In general, the mobile phases 
used in HPLC systems were either acetonitrile (ACN) 
and/or methanol in combination with water or buffer. 

UV detection:

Using a mixture of ACN and methanol (50:50, v/v) 
as a mobile phase, a gradient reverse-phase liquid 
chromatography was developed for quantification 
of ANA in bulk which was achieved with Hichrom 
RPB 18 (250×4.6 mm, 5 µ) column[32]. The 
researchers used a flow rate of 1.0 ml/min and an 
injection volume of 20 µl, monitored at 215 nm. 
ANA was detected in the bulk drug sample at 10.88 
min (fig. 2). The linearity test was performed using 
six different concentrations ranging between 25 
and 150 µg/ml. The calibration graph was plotted 
using peak area versus concentration (expressed as a 
percentage). No IS was used to correct for ANA peak 
area. Interestingly, the intermediate precision was 

evaluated by an analyst using a different instrument 
in the same laboratory, and the method was reported 
to be robust.

Owing to the potential health hazards posed by the 
presence of impurities in active pharmaceutical 
ingredients, it is recommended that the levels of 
impurities should be maintained within an acceptable 
set limit[39]. Some researchers[40] developed a 
method of isolation and characterization of three 
process-related ANA impurities using an Inertsil 
ODS-3V (250×4.6 mm, 5µ) column. The mobile 
phase they employed consisted of ACN:ammonium 
acetate (50:50, v/v) at a flow rate of 1.0 ml/min. 
However, they used a long analytical time (40 min). 
In a later related study, Sitaram and co-workers 
characterized ANA degradation products, detecting 
two additional impurities[25]. Their method utilized 
ACN:ammonium formate (40:60, v/v),  a flow rate of 
0.5 ml/min, with a 20 µl injection volume, monitored 
at 215 nm. Based on the recommendations of the 
International Conference on Harmonisation (ICH)[48], 
these methods are stability-indicating and therefore 
provide a beneficial assessment of the final ANA 
purity in the presence of process-related impurities 
and degradation products. 

In another study, a reverse-phase isocratic HPLC 
method for the detection of ANA in tablet dosage 
forms was developed by Kumar and colleagues 
using Gracesmart RP18 (100×4.6 mm, 5 µ)[28]. In this 
approach, a mobile phase mixture of ACN:potassium 
dihydrogen orthophosphate(50:50, v/v) with a pH of 
6 (adjusted with triethylamine) was monitored at 215 
nm with a flow rate of 1 ml/min. The total analytical 
time was 15 min. Manual injections were conducted 
using a Rheodyne injectable valve (20 µl loop), 
and the method was validated using three different 
concentrations of ANA (18, 20 and 22 µg/ml). A 
linearity test was performed using concentrations 
ranging between 10 and 30 µg/ml against which the 
peak area of ANA was used to plot the calibration 
graph. Again, although the method was linear and 
comparatively fast (15 min), no IS was used to 
correct for the peak area (fig. 3). 

In another study, a reverse-phase isocratic HPLC 
method was developed for simultaneous detection 
of ANA, bicalutamide, TAM and their synthetic 
impurities using Symmetry®C8 column (100×4.6 
mm, 3.5 µm)[29]. The method employed a mobile 
phase consisting of ACN:water containing N,N-
dimethyloctylamine (pH adjusted to 3.0 with 
orthophosphoric acid) at a flow rate of 1.0 ml/min 
with an injection volume of 20 µl, monitored at 270 

TABLE 3: INTERNAL STANDARDS USED FOR ANASTRAZOLE 
ANALYSES

IS Technique References
Dexchlorpheniramine LC-MS/MS [33, 42]

Omeprozole LC-MS/MS [30]

Androsteroneglucuronide LC-MS/MS [41]

Letrozole LC-MS/MS [43]

Bunitrolol LC-MS/MS [44]

ANA-d12 LC-MS/MS [45]

Desmethyldiazepam LC-MS/MS [18, 21]

Verapamil LC-MS/MS [34]

Diazepam GC-ECD [46, 47]

Clomipramine GC-FID [35]

LC-MS/MS= LC coupled with tandem mass spectrometry; 
GC-ECD= GC with electron capture detection; GC-FID= 
gas chromatography with flame ionization detection; 
ANA-d12= deuterium-labeled anastrozole.
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nm. A wave length of 270 nm was selected because it 
yielded a good resolution of all the analytes without 
interference peaks from the excipients. The total 
analytical time was 20 min, and ANA was detected 
at approximately 4.8 min. The linearity test was 
conducted using seven different concentrations of 
standard solutions ranging between 10 and 150 µg/ml. 
As expected, this method is not without challenges, 
especially because of the similarities in the chemical 
properties of the tested drugs and their respective 
synthetic impurities. Selecting optimal analytical 
conditions may therefore yield good analyte 
separation with optimal column pressure; this can be 
achieved by using a mobile phase consisting of ACN 
and water at a pH of 3.0 to improve the resolution.  
Consequently, the method can provide a simple, 
rapid and cost effective means of simultaneous 
determination of ANA, bicalutamide, TAM and their 
synthetic impurities in tablets that can applied by 
pharmaceutical companies.

Another gradient reverse phase HPLC method was 
developed for ANA detection in pharmaceutical 
dosage forms using an Inertsil C8 column (250×4.6 
mm, 5 µm)[26]. In this experiment, the mobile phase 
consisted of ammonium acetate buffer and ACN, at 1 
ml/min flow rate with an injection volume of 10 µl. 
Specific monitoring was conducted at 215 nm. The 
linearity test was conducted using a concentration 
of 0.0165-15.000 µg/ml. The intermediate precision 

(which expresses within-laboratories variations 
in different days, different analysts and different 
equipments) was reported to be good (relative 
standard deviation, RSD=1.58), but the total 
analytical time was relatively long considering that 
the retention time for ANA was 23.16 min.

Recently, another group of researchers also developed 
a method based on an isocratic technique for the 
quantification of ANA in bulk and in pharmaceutical 
dosage forms, using water and ACN as the mobile 
phase which was achieved using an Inertsil ODS 
column (250×4.6 mm, 5 µ)[27]. In this method, both 
ANA standard and tablets were used in a solvent 
system consisting of water. ACN (55:45) and the 
signals were monitored at 215 nm for 8.00 min. 
However, in this approach, an IS was not used. 
Moreover, a higher range of ANA concentrations 
(2.5-15.0 µg/ml) was used in the linearity test, which 
may only be applicable in the quantitative analysis 
of ANA in bulk and pharmaceutical concentrations 
but not in biological samples such as plasma. In 
summary, to date, ANA detection based on HPLC 
methods in human plasma is still lacking.

Gas chromatography:

Few gas chromatography (GC) methods have been 
developed for the quantification of ANA in biological 
samples. This may be because such techniques are 
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Fig. 2: HPLC chromatograms of anastrazole bulk sample. Reproduced from Saravanan et al.[32] with permission
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labor-intensive and require extensive sample cleanup 
to remove the co-extracted compounds from the 
biological matrix prior to use. A validated analysis 
for the quantification of ANA in human plasma by 
GC with electron capture detection (GC-ECD) has 
been developed[36]. A liquid-liquid extraction method 
was used to extract the samples with an LOQ of 3.0 
ng/ml using Durabond 17 cross-linked fused-silica 
capillary, 50% phenyl-methyl silicone (15×0.32 mm, 
0.25 µm) column. However, the use of a temperature 
program (an initial temperature of 180° with an 
initial time of 1 min, at a program rate of 50°/min 
with a temperature of 240°, followed by time 2 (5.8°/
min) at a rate of 50°/min, temperature of 280° and 
a final time of 1.2 min) is tedious. In addition, the 
high temperature may destroy some heat-sensitive 
compounds such as proteins. Therefore, its application 
in analyses of large amount of samples may be labor-
intensive. Subsequently, a similar GC-ECD method 
was developed[47] to compare the pharmacokinetics 
data between domestic and imported ANA tablets. 
The method can be used in bioequivalence studies 
to differentiate several ANA formulations from 
different sources.

In an attempt to develop a more comprehensive 
report of the ANA pharmacokinetic profile, in 
another study, Duan and co-workers[46] developed a 
GC-ECD method for the quantification of ANA in 
plasma samples of healthy subjects using a single 
step liquid-liquid extraction (LLE) procedure. The 
LLE involved the addition of 100 µl of diazepam (1 
µg/ml) as an internal standard and a drop of ammonia 
water to 1 ml of plasma. The samples were then 
extracted by vortexing with 7 ml ethyl ether for 2 
min. The organic layer was transferred to a tube and 
allowed to evaporate to dryness under a nitrogen 
stream in a water bath at 40°. The residues were 
redissolved in 150 µl ethyl acetate before injection. 
The separation was achieved using a HP-50 (50% 
phenyl-methyl silicone, 30 m×0.53 mm, 1 µm) at 
a temperature of 260, 230 and 260° for inlet, oven 
and detector, respectively. This method demonstrated 
that the two compounds tested were bioequivalent.

Another GC method coupled with flame ionization 
detection (FID) had a sensitivity of 32 ng/ml 
LOQ for ANA[35]. The method was applied in the 
simultaneous detection of TAM, letrozole and 
ANA in pharmaceutical preparations using an HP-5 
column (5% phenyl-methylsilicone, 15 m×0.25 
mm, 025 µm) and may serve as an alternative to the 
traditional analytical methods for quantification of 
these drugs. However, the application of this method 
may still be limited in many laboratories due to a lack 
of availability of FID-equipped instruments. 

Liquid chromatography mass spectrometry:

There has been significant progress in liquid 
chromatography mass spectrometry (LC-MS/MS) 
methods for ANA quantification based on both 
atmospheric pressure chemical ionization (APCI) and 
electrospray ionization (ESI) interfaces. Although 
these methods are very sensitive and specific, they 
are unpopular in most laboratories in developing 
countries, perhaps due to their high cost and tedious 
and complex, time-consuming sample preparations.

An LC-MS/MS method for the simultaneous detection 
of ANA and exemestane in human urine using 
liquid-liquid extraction with a low LOQ for ANA 
has been reported[41]. Samples were analyzed via LC 
coupled to triple quadrupole mass spectrometer using 
APCI on an RP 18 column (4×55 mm, 3 µm). This 
method was demonstrated to be capable of detecting 
exemestane and its main metabolites in urine samples 
of women with breast cancer receiving both ANA (1 
mg) and exemestane (25 mg). Nevertheless, due to 
its high cost, this method would be more suitable 
for the determination of ANA and exemestane 
levels in situations where blood sample collection 
is not feasible. A common example is the screening 
of athletes for some selected anabolic androgenic 
steroids[41]. 

One of the earliest reports of ANA quantification 
in human plasma by LC-MS/MS was published[42]. 
In this method, a liquid-liquid extraction without 
cumbersome cleanup procedures was successfully 
performed using a C 18 column (100×2.1 mm, 
4 µ). The 2.5 min analytical time was also the 
shortest reported at that time. The extracts were 
analyzed using LC coupled with photospray 
tandem mass spectrometry. The chromatographic 
conditions were a mobile phase, which consisted 
of ACN:methanol:water:acetone (60:20:15:5, v/v/
v/v) containing 0.1% acetic acid and 10 mM of 
ammonium acetate at a flow rate of 0.45 ml/min. 
Although as a dopant, toluene may offer better 
results than acetone, the later was used due to its 
friendly nature with the selected column (Genesis® 
C 18, 100×2.1 mm, 4 µm), yielding an LOQ of 0.05 
ng/ml of ANA in human plasma, making it suitable 
for pharmacokinetic studies. However, the mobile 
phase mixture containing ACN, methanol, water, 
acetone and acetic acid was quite complex and the 
atmospheric photospray source may not be readily 
available in most analytical laboratories, potentially 
limiting its routine application.

The development and validation of analytical methods 
based on APCI LC-MS/MS and ESI LC-MS/MS for 
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the determination of ANA levels in human plasma 
have also been published[30]. Using this method, 
APCI was significantly more sensitive and specific 
than ESI for ANA quantification in human plasma. 
The chromatographic conditions consisted of a 
mixture of ACN:methanol and ammonium acetate 
(90:10, v/v) at a pH 3.5 (adjusted by addition of 
acetic acid), running at 0.6 ml/min with an injection 
volume of 30 µl and an analytical time of only 1.6 
min achieved on a YMC cyano column (50×4.0 mm). 
Using methyl t-butyl ether (MTBE) as the organic 
solvent and omeprazole as the IS, a liquid-liquid 
extraction method was applied to samples containing 
ANA with a LOQ of 0.10 ng/ml. Overall, the method 
indicated that, in developing an ANA quantification 
method, a preliminary comparison between the two 
ion sources is necessary, particularly when the ANA 
to be quantified is present in very low concentrations. 

Appropriate stability-indicating analytical methods 
for ANA tablet formulations are also very important 
because they can be used for stability testing and 
routine quality control analyses and in other related 
procedures. Reddy and colleagues have developed 
a stability-indicating LC-MS/MS method for 
estimation of the impurity levels present in ANA 
tablets using an Inertsil ODS-3V (250×4.6 mm, 5 
µm)[31]. This method may be useful for separation of 
ANA from its degradation products, impurities and 
other related compounds present in the tablet dosage 
formulation.

Another LC-MS/MS method developed yielded 
a sensitivity of 0.30 ng/ml LOQ for ANA[43]. The 
technique was used in conjunction with the solid-
phase extraction of plasma samples. The extracts 
were separated by an isocratic method (achieved on 
Hypurity C18, 50×4.6 mm, 5 µm column) using a 
mobile phase that consisted of ACN:formic acid 
(0.1%) (88:12, v/v) at a flow rate of 0.4 ml/min and an 
injection volume of 5 µl. Monitoring was conducted 
using tandem mass spectrometry in positive ion 
mode for a total analytical time of 2.5 min, which is 
short and time-saving. Nevertheless, the high (88%) 
percentage of organic solvent used makes the method 
unaffordable if used over a long time period.

A group of researchers developed an LC-MS/
MS method, using a triple quadrupole ion trap 
spectrometry, for the simultaneous detection of 
TAM, letrozole and ANA using Si C18 column 
(200×0.5 mm, 5 µm)[44]. A linear gradient separation 
technique was employed for an analytical time of 
16 min. Plasma samples were analyzed following 
solid-phase extraction with LOQ of 26.1, 17.0 and 

6.0 ng/ml for TAM, letrozole and ANA respectively. 
Although the sensitivity of this method in terms of 
LOQ for ANA (6.0 ng/ml) is relatively lower than 
previous published reports, it offers the advantage 
of monitoring patients’ compliance to treatment 
with TAM, letrozole and ANA, especially in clinical 
studies. Furthermore, the method can also guide 
clinicians for the objective evaluation of drug 
concentration-dependent side effects and treatment 
failure. Likewise, Liu et al[45] reported an LC-MS/
MS method for the simultaneous detection of ten 
different endocrine drugs (raloxifene, mifepristone, 
finastride, TAM, N-desmethyltamoxifen, clomiphene, 
toremifene, exemestene, letrozole and ANA) in 
hospitals and in municipal wastewater samples. The 
chromatographic conditions were a mobile phase 
consisting of formic acid and ACN with a flow rate 
of 0.3 ml/min in a gradient elution. The separation 
was achieved on a Waters ACQUITYTM UPLCTM 
BEH C18 column (100×2.1 mm, 1.7 µm). The target 
analytes were analyzed using triple quadrupole mass 
spectrometer. The LOQ of this method was reported 
to be between 0.1 and 2.0 ng/ml.

Two interesting LC-MS/MS methods have recently 
been developed to measure the levels of ANA and 
its metabolites in vitro and in vivo using a triple 
quadrupole system[18,21]. These methods can assess 
inter-individual variation in ANA metabolism and 
pharmacodynamics among breast cancer patients 
receiving the recommended daily dose (1 mg) and 
are therefore useful in pharmacogenetic studies of 
ANA. However, variation may still exist in the mass 
spectrometric properties of ANA and its metabolites 
due to the altered molecular weight, making the 
interpretation of formation rates (pmol per minute 
per mg protein) less accurate. 

In terms of sensitivity and sample throughput 
for the analysis of drugs in biological samples, 
ultraperformance liquid chromatography (UPLC)-
MS/MS has advantages over the conventional LC-
MS/MS[49]. To test this hypothesis with respect to the 
quantification of ANA in human plasma, Yu and co-
workers developed and validated an UPLC-MS/MS 
method involving a one-step liquid-liquid extraction 
with diethyl ether that required only 500 µl of plasma 
sample[34]. The chromatographic conditions included 
a mobile phase of methanol:ammonium acetate 
(75:25, v/v) set at a flow rate of 0.30 ml/min. the 
separation was performed on a Waters ACQUITYTM 
UPLCTM BEH C18 column (50×2.1 mm, 1.7 µm). 
Detection was conducted using triple quadrupole 
tandem mass spectrometry via multiple reactions 
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monitoring (MRM) by ESI, with a total analytical 
time of only 1.5 min. The method achieved excellent 
sensitivity with an LOQ of 0.055 ng/ml.

CONCLUSIONS

Many different chromatographic methods have 
been reported for ANA quantification, both 
in pharmaceutical dosage formulations and in 
biological matrices. Some HPLC methods with 
sensitivity as high as 0.0165 µg/ml LOQ have been 
developed for ANA quantification. However, due 
to the low recommended dosage (1 mg daily) of 
ANA in breast cancer treatment, application of these 
methods for the quantification of ANA in biological 
matrices is rather limited. In addition, some methods 
require improvements in their approaches to method 
validation and linearity testing. A number of LC-MS/
MS methods with higher sensitivity (as high as 0.05 
ng/ml) and shorter analytical time have also been 
developed and validated for ANA quantification in 
human plasma. On the contrary, very few GC-MS 
methods have been developed for ANA measurement 
in plasma. In general, potential areas in which 
chromatographic methods need to be improved 
include developing appropriate method validations 
and linearity testing based on internationally 
recognized guidelines. Therefore, simpler and more 
affordable, potential UPLC-based methods coupled 
with mass spectrometry are required, especially in 
developing countries where access to instruments is 
limited by insufficient research funding.
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