
Introduction

Fluticasone propionate (structure shown in Figure 1) is a glucocorticoid indicated for the prophylactic
treatment of asthma. It is administered via inhalation from an aerosol-type of device or power
inhaler. The activity of fluticasone propionate when inhaled is due to the parent drug, with any
metabolites formed being 2000 times less active. Fluticasone propionate is available in a combined
preparation with salmeterol xinafoate marketed under trade names such as Advair HFA, Seretide,
and Faxair. 

Studies using oral dosing of labelled and unlabelled drugs have demonstrated that the oral systemic
bioavailability of fluticasone propionate is negligible (< 1%). This is primarily due to incomplete
absorption and pre-systemic metabolism in the gut and liver, with the only reported circulating
metabolite being the 17β-carboxylic acid derivative. Plasma fluticasone propionate concentrations,
when delivered nasally, show a Cmax average of 11.9 pg/mL and AUC(0-t) average of 8.43 pg
hr/mL. 

Due to the low circulatory levels of fluticasone propionate, it is necessary to conduct a high-
sensitivity assay, in the < 10 pg/mL range, to correctly define the pharmacokinetics in plasma.
Previous reports have demonstrated assays in the 10 to 500 pg/mL range for fluticasone propionate
in plasma.

Here we show a high-sensitivity method for the analysis of fluticasone propionate in rat plasma. The
lower limit of quantification (LLOQ) used were 0.750 and 0.375 pg/mL for fluticasone propionate
and salmeterol xinafoate respectively; salmeterol was spiked in to plasma at half the concentration
of fluticasone to reflect the dosage used in Advair HFA. The upper limit of analysis was 15.0 pg/mL
for fluticasone propionate and 7.5 pg/mL for salmeterol xinafoate. 

Experimental

A calibration line was prepared by spiking control solutions of fluticasone propionate and salmeterol
xinafoate into blank control rat plasma. The calibration range was from 0.75 to 15.00 pg/mL for
fluticasone propionate and 0.375 to 7.50 pg/mL for salmeterol xinafoate. 

The samples were prepared by solid phase extraction. A total of 375 µL of plasma was diluted with
aqueous solution containing Stable Label Isotope (SLI) internal standard for both analytes and mixed
well. The samples were applied to an Oasis HLB µElution plate (Waters Corporation, Milford, MA)
washed with an organo-aqueous solution, and eluted in a solution of methanol-acetonitrile. This
eluted solution was diluted with aqueous buffer prior to injection onto the UPLC/MS/MS system.

Results and Discussion

The LC/MS analysis of the fluticasone and salmeterol samples were performed on an ACQUITY
UPLC System (Waters Corporation, Milford, MA) employing sub-2-µm particle technology
coupled with a Xevo TQ-S Mass Spectrometer (Waters Corporation, Milford, MA) operated in
MRM mode. A stable label isotope was used as the internal standard for both of the analytes in
this study. The eluent from the solid phase extraction was directly injected onto the
chromatography system, thus avoiding the need for evaporation and reconstitution.

The chromatography was operated in reversed-phase gradient mode and optimised to provide
separation of the analytes of from the endogenous components in the sample and from each
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Sensitivity has been the driving force in the bioanalysis and DMPK arena for the last 15-20 years. The introduction of tandem quadrupole ESI mass

spectrometry into the bioanalysis laboratory in the early 1990’s saw a step-change in the sensitivity and specificity of bioanalytical assays. Prior to this

achieving sensitivities in the ng/mL range required complicated method development, elegant LC methods, elaborate solid-phase or liquid-liquid

extraction processes to process large volumes of sample and even chemical modification of the analyte to impart better detection characteristic. The

introduction of ESI tandem quadrupole MS changed the face of bioanalysis. Now sensitivities in the ng/mL range or could be achieved on virtually

every molecule, from just a few hundred microlitres of sample without the need for complex sample preparation or derivitisation. Twenty years on

and the pace of MS innovation and chromatographic science development means that sensitivities in the pg/mL range or below are now possible,

even for the most challenging of molecules.  
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Figure 1. Structures of fluticasone propionate and salmeterol xinafoate

Figure 2. LC/MS/MS chromatogram of fluticasone propionate and salmeterol xinafoate and their internal
standards in a SPE plasma extract 15.0 pg/mL / 7.5 pg/mL levels respectively. 

Figure 3. LC/MS/MS chromatogram of fluticasone propionate and blank plasma in a SPE extract. 0.750
pg/mL standard is shown on the top trace.
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other. In this case it was determined that the use of a basic mobile phase (0.1% ammonium
hydroxide at pH 10) gave the greatest sensitivity for both analytes. The data displayed in Figure
2 show the analysis of a 15 pg/mL standard. Here we can see that the two compounds were
clearly resolved, with the fluticasone propionate eluting at with a retention time of 3.06
minutes, and the salmeterol xinofoate eluting with a retention time of 3.26 minutes. The overall
analysis time was 5 minutes − injection to injection. The lower limit of quantification for
fluticasone propionate in plasma was determined to be 0.750 pg/mL, and 0.375 pg/mL for
salmeterol xinafoate. The chromatographic performance for both target analytes showed
excellent peak shapes and resolution from endogenous peaks in the chromatogram. 

The sensitivity of a bioanalytical assay is dependent upon the efficiency of the extraction, the
sharpness of the chromatographic peak, the separation of the analyte peak from co-eluting
peaks in the chromatogram, and the sensitivity of the mass spectrometer. The tandem
quadruople mass spectrometer chosen for this experiment is equipped with a novel, state-of-
the-art, ion transfer option that allows a greater number of ions to be sampled from the source
and transferred to the mass analyser. Using this approach it has been possible to increase the
sampling of ion flux by a factor of 200, resulting in a significant increase in overall assay signal-
to-noise, typically 10 to 30 fold over conventional instrumentation.

The extracted ion chromatogram for the 0.750 pg/mL fluticasone propionate standard is shown
in Figure 3. The LLOQ standard is shown on the top trace and the extracted plasma blank
chromatogram is shown on the lower trace, using the transition 501 ==> 293. The signal-to-
noise for this standard was determined to be 5:1. The calibration line was shown to be linear
over the range of 0.75 to 15.00 pg/mL with an R2 value of 0.994701 and an intercept of

0.0828. This level of sensitivity allows for the accurate determination of the pharmacokinetics of
the fluticasone in plasma. In order to determine the reproducibility of the LC/MS/MS system, six
replicate extractions were chromatographed at each concentration level, the data obtained are
shown in Table 1. From the data displayed in the table we can see that the %CV for the LLOQ
standard (0.750 pg/mL) was determined to be 6.05%. 

The limit of quantification for salmeterol xinafoate was determined to be 0.375 pg/mL. An
extracted ion chromatogram for salmeterol xinafoate at 0.375 pg/mL standard and an extracted
plasma blank extract are shown in Figure 4. The signal-to-noise for the 0.375 pg/mL salmeterol
peak was determined to be 6:1. The calibration line was shown to be linear over the range of
0.375 to 7.500 pg/mL with an R2 value of 0.999499 and an intercept of 0.504. The
reproducibility of the LC/MS/MS system for the analysis of salmeterol xinofaote was determined
by the LC/MS/MS analysis of six replicate extractions at each concentration level. The data
obtained are shown above in Table 2. From the data displayed in the table we can see that the
%CV for the LLOQ standard (0.375 pg/mL) was determined to be 1.49%.

The applicability of the assay for routine use is heavily dependent upon the reproducibility of the
methodology. The data displayed in Tables 1 and 2 illustrate the performance of the assay in
terms of the back-calculated standard concentration. The data displayed in Figure 5 illustrate the
variation in the internal standard response during the analysis of one batch of samples. These
data suggest that the assay developed for the analysis of fluticasone propionate and salmeterol
xinafoate is fit for purpose.

Conclusions

A UPLC/MS/MS method was developed for the quantification of fluticasone propionate and
salmeterol xinafoate in rat plasma using solid phase extraction followed by reversed phase
chromatography and tandem quadrupole mass spectrometry. The lower limit of
quantification for fluticasone propionate was determined to be 0.750 pg/mL, and the lower
limit of quantification for salmeterol succinate was determined to 0.375 pg/mL. The
coefficient of variation was determined to be 6.05% and 1.49% at the LLOQ for fluticasone
propionate and salmeterol xinafoate respectively. 
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Analyte Standard Mean %CV
Concentration pg/mL Deviation
0.75 0.04 0.67 6.05
1.00 0.07 0.98 7.33
1.50 0.04 1.31 2.70
3.75 0.19 3.67 5.06
5.00 0.15 5.29 2.75
7.50 0.24 7.63 3.16
10.00 0.42 10.19 4.13
15.00 0.37 14.75 2.51

Analyte  Standard Mean %CV
Concentration pg/mL Deviation
0.375 0.006 0.39 1.49
0.500 0.015 0.53 2.81
0.750 0.031 0.75 4.10
1.875 0.056 1.87 3.02
2.500 0.026 2.49 1.03
3.750 0.058 3.67 1.59
5.000 0.064 5.02 1.28
7.500 0.084 7.53 1.12

Figure 4. LC/MS/MS chromatogram of salmeterol xinafoate at 0.375 pg/mL and blank plasma in a SPE plasma
extract. 0.375 pg/mL standard is shown on the top trace.

Figure 5. Variation in the internal standard response during the analysis of one batch of samples.

Table 1. Assay reproducibility for fluticasone propionate in plasma.

Table 2. Assay reproducibility for salmeterol xinafoate in plasma.

New Mass Spectrometers Achieves Greater Sensitivity and Spectral Quality 
Waters Corporation have introduced two new additions to its popular line of Xevo mass spectrometers – the Xevo® G2-S QTof and Xevo G2-S Tof – for the first time bringing Waters proprietary
StepWave™ ion optics technology to Waters® benchtop time-of-flight mass spectrometers. Equipped with StepWave’s unique, off-axis ion source technology, Xevo G2-S QTof and Xevo G2-S Tof mass
spectrometers are up to 20x more sensitive than earlier generation instruments. 

Waters' StepWave ion optics technology transfers ions from the ion source with the highest possible efficiency while actively filtering out undesirable neutral contaminants. As a result, MS signals are
dramatically increased and, because critical components in the device stay clean for longer periods of time, quantitative results are more reproducible and laboratories experience less downtime due to
routine cleaning and maintenance.

Previously available on only the Waters benchtop Xevo TQ-S tandem quadrupole and research-grade Synapt G2-S mass spectrometers, StepWave brings a new level of sensitivity performance - to the Xevo
quadrupole time-of-flight and time-of-flight instruments. It combines with proven QuanTof™ technology to also deliver UPLC® compatible mass resolution, matrix-tolerant dynamic range, quantitative
performance, mass accuracy and speed of analysis – simultaneously.

Since their introduction in 2008, Waters' Xevo mass spectrometers havedistinguished themselves on the basis of their trademark simplicity and universal ion source architecture, giving scientists a wide
selection of interchangeable ion sources best suited for the analysis at hand. All Xevo mass spectrometers also feature IntelliStart™ Technology, which automates MS resolution and calibration checks and
monitors system performance during a run.

So whether the focus of research is on systems biology, biopharmaceutical characterisation, metabolite profiling, forensic toxicology, food analysis or environmental research, Xevo mass spectrometers allow
scientists to make the right decisions quickly and confidently.
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