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ABSTRACT 

Objective: A simple, Rapid, and sensitive HPLC method utilizing UV detection was developed and validated for the simultaneous estimation of 
Fluticasone propionate (FP) and Salmeterol xinafoate (SX) in solutions and in vitro human plasma.  

Methods: Chromatographic analysis was done on SUPELCO® RP-C18 column (150 x 4.6 mm, 5 μm particle size) with an isocratic mobile phase 
composed of methanol, acetonitrile, and water (50:20:30, v/v) mixture while flow rate was set to 1 ml/min. Detection with UV at maximum 
absorbance wavelength (ʎ max

Results: Method was accurate and precise over a linear (R

) values of 236 and 252 for FP and SX, respectively. Spiked plasma samples were liquid-liquid extracted by diethyl 
ether and reconstituted using methanol. 

2

The developed method was successfully applied for the analysis of FP and SX in spiked human plasma samples. The method is considered to be 
accurate and precise over a linear (R

>0.995) range of (0.067-100 µg/ml) and (0.0333-50 µg/ml) for FP and SX, respectively. 
LOD/lOQ values were 0.13/0.6 and 0.06/0.3 µg/ml for FP and SX, respectively. 

2

Conclusion: This validated method revealed simple and cheap extraction procedures and detectors, non-buffered mobile phase, and short retention 
times with excellent resolution. 

>0.9969) range of (6.67-66.67 µg/ml) and (3.33-33.3 µg/ml) for FP and SX, respectively. Extraction efficiency 
was approved by recovery values of (94.98–102.46 %) and (96.54–102.62 %) for FP and SX, respectively. 

Keywords: Fluticasone propionate, Salmeterol xinafoate, HPLC UV, Method validation, Human plasma 
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INTRODUCTION 

Glucocorticosteroids and corticosteroids are classes of steroid 
hormones naturally synthesized in the adrenal cortex from 
cholesterol; regulate many aspects of metabolism and immune 
functions [1]. Fluticasone propionate (FP) (fig. 1a), a new generation 
of glucocorticosteroids, is considered as one of the important 
medications for asthma diseases. It has a strong therapeutic effect 
against bronchi inflammation. Salmeterol Xinafoate (SX) (fig. 1b) is a 
new long-acting β2-agonist used in the treatment of nocturnal 
airway obstruction and has proved to be highly effective in this 
aspect as well [2, 3]. 

 

 

Fig. 1: Chemical structure of fluticasone propionate (a) and 
salmeterol Xinafoate (b) 

 

The two drugs are formulated as dry powder inhalers or pressurized 
metered-dose inhalers individually or in the combined formulation. 

However, it is not yet known whether using Salmeterol xinafoate 
(SX) alone or in combination with Fluticasone propionate (FP) 
constitutes the best treatment [4, 5]. 

Several chromatographic techniques have been published in the 
literature for analysis purposes of fluticasone propionate (FP) and/or, 
salmeterol xinafoate (SX) in their pharmaceutical preparations and 
different matrices. For example these methods include UV-
spectrometric methods [6, 7], HPLC with UV detection methods [8-13], 
HPLC-MS/MS methods [14, 15], UPLC-MS/MS methods [16, 17], UPLC-
PDA method [18], and HPTLC method [19, 20]. 

In this article, a new validated method has been developed for the 
simultaneous estimation of fluticasone propionate (FP) and 
salmeterol xinafoate (SX), combined in spiked human plasma 
samples using High-Performance Liquid Chromatography (HPLC) 
with UV detection. The method includes a simple solvent extraction 
technique for recovering fluticasone propionate (FP) and salmeterol 
xinafoate (SX) from spiked human plasma samples. According to the 
literature survey, No HPLC method with UV detection for 
simultaneous assay of fluticasone propionate (FP) and salmeterol 
xinafoate (SX) in the human plasma was reported. 

MATERIALS AND METHODS 

Reagents 

The studied drugs, Fluticasone Propionate (FP), Salmeterol 
Xinafoate (SX), and β-Estradiol (βE) were supplied by SIGMA and 
used without any further treatment. Highly pure Methanol, 
Acetonitrile (HPLC grade) were bought from TEDIA. Deionized 
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water was prepared by running distilled water through an 
electrically charged resin. Distilled water was prepared using the 
ELGA distillator type RESERVOIR. 

Instrumentation 

A UV-1800 UV-Vis spectrophotometer was used to scan the UV-Vis 
spectrum and to locate λmax

Preparation of solutions  

 during the study. I-Series LC-2030 High 
Performance Liquid Chromatography (HPLC) from SHIMADZU with 
UV/Visible detector was used to develop the chromatographic 
method. Two types of columns, SUPLECO (C18, 50 x 4.6 mm, 5 µm) 
column and HYPERSIL (RP C18, 250 x 4.6 mm,5 µm) column were 
tested to optimize the best separation of FP and SX drugs 
simultaneously. SUPELCO (RP C18 250 x 4.6 mm, 5 µm) column was 
suitable for FP and SX drugs for both solutions and plasma samples. 
During the study, the column temperature was fixed at 25 °C. 
Autosampler type is I-Series LC-2030 from SHIMADZU. Many trials 
have been performed to optimize the mobile phase in this study. 
Utilizing the physio-chemical data about FP and SX [21], the mixture 
of methanol, acetonitrile, water (50:20:30, v/v) eluted on isocratic 
mode at a flow rate of 1 ml/min is suitable for analysis in this study. 
The applied injection volume was 20 µl. 

400 and 200 µg/ml methanolic stock solutions of FP propionate and 
SX were prepared by separately dissolving 20 and 10 mg of each 
drug respectively in 50 ml volumetric flasks. Five methanolic 
standard solutions were prepared to construct the calibration 
curves having the following concentrations: 50, 10, 1, 0.1, and 0.05 
µg/ml. Nine methanolic combined standard solutions of FP and SX 
mixture were prepared to have the following concentrations: 
[FP]=300, 200, 120, 40, 20, 8, 4, 0.4 and 0.2 μg/ml and [SX]=150, 
100, 60, 20, 10, 4, 2, 0.2 and 0.1 µg/ml. A 50 µg/ml methanolic 
solution of the internal standard β-Estradiol (βE) was prepared by 
dissolving 5 mg of β-Estradiol (βE) in a 100 ml volumetric flask [22] 

Four separate methanolic quality control solutions (QCs) each of 
which, FP and SX mixtures were prepared using the stock solution to 
separate eight 10 ml volumetric flasks to obtain the following 
concentrations: (240, 160, 2 and 0.6 µg/ml) and (120, 80, 1 and 0.3 
µg/ml) for FP and SX, respectively. The above solution of βE was 
used as an internal standard. 

Methods validation 

The developed HPLC methods with UV detections for the analysis of 
FP and SX in plasma were validated according to the common 
validation guidelines such as Food and Drug Administration (FDA) 
[23] and International Conference on Harmonization(ICH) [24, 25]. 
The results were evaluated according to the acceptance criteria of 
the selected guidelines. 

To validate the methods, seven calibration curves were constructed 
for the linearity test. Each calibration curve consists of 9 points. For 
each point, a volume of 0.5 ml of each of FP, SX, and βE as internal 
standard was withdrawn and mixed into a separate vial. The seven 
calibration curves were injected directly into the HPLC. The limit of 
detection (LOD) and limit of quantification (LOQ) were determined 
from the calibration curves based on visual evaluation, the standard 
deviation of the response, and the slope. The detection limit was 
based on a visual evaluation by injecting a set of low concentration 
samples. At the same time, the concentration is gradually reduced 
until obtaining the lowest concentration without getting precise and 
accurate replications of this concentration. The detection limits were 
determined for FP and SX starting from 5 µg/ml, then gradually 
reducing the concentration to 0.05 and 0.01 µg/ml for FP and SX, 
respectively. 

System/Method accuracy and precision 

Four QC solutions with the following concentration (80, 53.33, 0.67 
and 0.2 µg/ml) and (40, 26.67, 0.33 and 0.1 µg/ml) for FP and SX, 
respectively were prepared as mixture for system precision test. For 
each quality control sample, a volume of 0.5 ml of each of FP, SX, and 
βE as internal standard was withdrawn and mixed into a separate 
vial and injected (for method precision), and one replicate series 

were injected six times for each concentration (for system precision) 
into the HPLC. For the accuracy test, the above six replicates of the 
four QCs were injected with parallel to complete calibration 
standards with suitable concentration points. 

Long-term stability test at room temperature and zero ᵒC 

This test was divided into five cycles, each of which is a 3-day time 
interval. Three QC solutions with the following concentrations (80, 
53.33, and 0.67 µg/ml) and (40, 26.67, and 0.33 µg/ml) for FP and 
SX respectively were prepared in triplicate for every cycle. The QC 
samples were stored at room temperature and 0 ᵒC and then were 
injected in parallel to the QCs for every cycle. In each cycle, the QCs 
and the calibration curve standards were injected once in the HPLC. 

Acidic, basic, and oxidative conditions stability test 

The stability of FP and SX methanolic solutions in 
acidic/basic/oxidative conditions was tested by taking 5 ml of 1 M 
HCl (for acidic condition stability test) or 1 M NaOH (for basic 
condition stability test) or (30 % H2O2 oxidative condition stability 
test) in 10 ml volumetric flask then spiked the analyte into the HCl, 
NaOH or 30 % H2O2 

Analytical method development and optimization for FP and SX 
combination in solutions using HPLC with UV detector  

solutions to get the exact QC solution 
concentration. The QC samples were kept in the 37 ᵒC water bath for 
3 h. Then, the QC samples were neutralized with 5 M NaOH (for 
acidic condition stability test)/HCl for basic condition stability test) 
to pH 7. The flasks were filled with methanol to obtain the following 
concentrations (80, 53.33, 0.67, and 0.2 µg/ml) and (40, 26.67, 0.33, 
and 0.1 µg/ml) of FP and SX, respectively, for acidic, basic, or 
oxidative conditions stability test. For each quality control sample, a 
volume of 0.5 ml of each of FP, SX, and βE as internal standard was 
withdrawn and mixed into a separate vial and injected in the HPLC 
with calibration curve’s standards. 

Methanolic stock solutions of FP, SX, and βE at 0.1 mg/ml were 
prepared by dissolving 10 mg of each drug in three different 100 ml 
volumetric flasks. Working solutions of 10 µg/ml of each solution were 
prepared by dilution of 1 ml of stock solutions in 10 ml methanol. The 
obtained solutions were scanned in the UV-Vis spectrophotometer 
from 200-800 nm to monitor the wavelengths with maximum 
absorbance (λmax

Method development and optimization for the simultaneous 
analysis of FP and SX in human plasma using HPLC with UV 
detector  

) for each drug. For HPLC analysis, 100 µg/ml 
solutions of FP, SX, and βE were prepared by dissolving 5 mg of each 
drug in methanol in three different 50 ml volumetric flasks. 

Extraction method for spiked human plasma samples 

Two milliliters of blank plasma were inserted into a 10 ml test tube 
and a volume of 150 μl of methanol was added and mixed by a 
vortex for one minute. The resulting mixture was mixed with 2 ml of 
diethyl ether by a vortex for one minute. The mixture was 
centrifuged at 4000 rpm for 15 min. Two layers were obtained. 
Aliquot of 2 ml of the upper layer (diethyl layer) was withdrawn and 
transferred to a new test tube and dried by using the flow of 
nitrogen gas. A volume of 3 ml of methanol (HPLC grade) was added 
to the dried test tube and mixed by a vortex for one minute. The 
resulting solution was transferred into a vial and injected into the 
HPLC. Unsatisfactory results were obtained when acetonitrile was 
used as a solvent instead of methanol. 

To construct a calibration curve, five methanolic standard solutions 
of fluticasone propionate and Salmeterol Xinafoate mixture were 
prepared by dilution from 2000 μg/ml stock solutions of FP and SX. 
Different volumes were withdrawn from each stock solution and 
spiked into 2 ml of pure plasma in 10 ml test tubes using the same 
extraction procedure described above for blank solution to obtain 
the following concentrations (100, 70, 50, 30, and 10 μg/ml) for each 
medication. The same method was used to prepare methanolic QC 
solutions for each medication of the four separated solutions. The 
obtain the following final concentrations (20, 40, 60, and 80 μg/ml) 
of both FP and SX. 
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RESULTS AND DISCUSSION 

Method optimization 

λ-max values were determined to be (236, 252, and 202 nm) for FP, SX, 
and βE, respectively. λmax values are very similar to those found in the 

literature for FP and SX [26, 29, 32]. The retention times were (10.6, 1.8, 
and 6 min) for FP, SX, and βE respectively as shown in (fig. 2). The 
constructed calibration curves shown in (fig. 3) have a linear 
relationship between concentration and the instrument response has a 
coefficient of determination value (R2

 

) that is close to one for each drug. 

 

(a) 

 

(b) 

 

(c) 

Fig. 2: Chromatograms of standard drugs using UV detection (a) FP, 236 nm (b) SX, 252 nm (c) βE, 202 nm 

 

 

Fig. 3: Calibration curve for the concentration with the peak area of FP (a) and SX (b) 

 

When (FP and SX) were combined with βE as IS, the detection 
wavelength was programmed according to the timeprofile shown in 
(table 1). The retention times of detected peaks when the HYPERSIL 
column was used were (10.6, 1.8, and 6 min) for FP, SX, and βE, 
respectively, and (6.3, 1.9 and 4.7 min) respectively, when the 

SUPELCO column was used (fig. 4). The results show that the retention 
of the three medications using the SUPELCO column needs less time 
than that when using the HYPRSIL column. This may be due to the 
packing procedure of the stationary phase in the two columns. The 
SUPELCO column packing is more uniform than the HYPRSIL column. 
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Table 1: HPLC programming of wavelength with time for the method, using HYPRSIL and SUPELCO columns 

Column Hyprsil Supelco Wavelength (nm) 
Time (min) 0-4  0-4 252 

4-8 4-5.30 202 
 8-11 5.30-7 236 

 

Although the retention time of tested drugs is varied according to 
the type of the mobile phase, column type, and size, column 
temperature, and flow rate. This method achieved good retention 
times for FP and SX using the C18 SUPELCO, which was not used in 
the previous studies for separation of FP and/or SX. 

For example, in a previous study, an X-terra column (250 mm x 4.6 
mm, 5 µm) was used to elute FP and SX with mobile phase consisted 
of Methanol: Acetonitrile: Water (50:35:15 % v/v) at 1 ml/min flow 
rate [12]. In other reported methods Acetonitrile: Methanol, 
Methanol: Water, buffered or modified mobile phases with different 
types of columns were used [9, 11, 26, 28-32]. 

Linearity of calibration curves 

Nine Points calibration curves for each medication were constructed 
separately at concentration levels of (0.067-100 µg/ml) and 
(0.0333-50 µg/ml) for FP and SX respectively (n = 7) as shown in 
(fig. 5). Calibration curves were linear over the specified range with 
accepted values of precision and accuracy (for concentrations>3.33 

µg/ml), R2

Limit of detection (LOD) and limit of quantification (LOQ) 

 values (statistically significant approved by One-way 
ANOVA test) for FP and SX are larger than 0.9984. 

The lowest detected concentrations with suitable accuracy and precision 
(LOQ) are 0.6 and 0.3 µg/ml for FP and SX, respectively. The lowest 
detected concentrations without getting precise and accurate 
replications (LOD) were 0.13 and 0.06 µg/ml for FP and SX, respectively. 

Compared with similar previous studies (HPLC with UV detection 
methods), this study obtained a wider linearity range and lower LOD 
and LOQ levels. Sa Couto AR. et al. reported that LOD/lOQ for FP 
were 6.7/20.3 µg/ml at a linear range between 30 to 90 µg/ml [26]. 
Duran A. and Dogan HN. have tested FP and SX at linear ranges of 2-
16 µg/ml and 1-8 µg/ml, respectively [28]. Also, Pączkowska E. et al. 
found that the method is linear over a range of 0.04-32.5 µg/ml and 
0.025-4.8 µg/ml for FP and SX, respectively [13]. While Shahanaz M. 
et al. have reported that the linear response of their method was 
ranged 40-200 µg/ml For FP and 5-25 µg/ml for SX [12]. 

 

 

Fig. 4: HPLC chromatograms of the three medications when combined with changing wavelengths during the run time using (a) HYPRSIL 
column (b) SUPELCO column 

 

 

Fig. 5: Two representative curves of 7 for the calibration curves of (a) FP and (b) SX with a peak area ratio 

 

System/method precision and accuracy  

System and method precision of developed method were evaluated 
by relative standard deviation (RSD) at 4 concentration levels (80, 
53.33, 0.67 and 0.2 µg/ml, n = 6) and (40, 26.67, 0.33 and 0.1 µg/ml, 
n = 6) for FP and SX, respectively. The HPLC instrument used to 
develop the method and the method itself is precise since the 

relative standard deviations (RSD) values did not exceed 1.938, 
which means that the system and method precision results are 
within the acceptable range. 

The accuracy of the developed methods for FP and SX was tested at 
the same concentration levels tested for precision. The highest inter-
day relative error (RE) values at all concentration levels for either 
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FP or SX were 2.714% and 0.641 % for FP and SX, respectively, and 
did not exceed the acceptance value.

Long-term thermal stability at room temperature and 0 ᵒC 

 The calibration curve standards 
with ranges of (0.067–100.00 µg/ml) and (0.0333-50.000 µg/ml) for 
FP and SX, respectively were constructed to recalculate the true 
values. 

Based on the results obtained of a long-term test at room 
temperature, the three large concentrations (53.33 and 80.00 µg/ml 
for FP and 26.67 and 40.00 µg/ml for SX) were found to be stable for 
the first 8 d. This is attributed to the back-calculation results found 
within±5 % of the theoretical concentration, and the relative 
recovery results found to be between 90 to 100 % for the two 
medications. Relatively, the two medications start to decompose 
after 8 d. The small concentrations of the two medications (0.67 and 
0.33 µg/ml for FP and SX, respectively) are unstable and start to 
decompose gradually after 3 d. On the other hand, the two 
medications are stable in methanolic solution at 0ᵒC temperature for 
the time of the study (15 d). 

Acidic, basic, and oxidative conditions stability 

Stress degradation to test the stability of the two medications in an 
acidic solution was employed. The results of the acidic conditions (1 
M HCl) stability test of the two medications show that the recovery 
is less than 57% even for the highest concentration, Therefore, it is 
considered to be unstable under acidic conditions. Under basic 
conditions (1 M NaOH), FP solutions are unstable at all 
concentration levels (relative recovery was found to be less than 41 
%), but for SX, only the large concentrations (26.67 and 40 µg/ml) 
are stable (relative recovery was 100 % and 113 %). 

Both FP and SX solutions are unstable under oxidation conditions 
since the relative recovery results are highly deviate from the initial 
concentration (not exceed 70 %). 

Optimization and validation of a chromatographic method for 
simultaneous analysis of FP and SX in human plasma using 
HPLC with UV detector. 

Method optimization 

A highly sensitive and rapid method has been developed for the 
simultaneous determination of FP and SX from human plasma. The 
two medications can be quantitatively extracted by the liquid/liquid 
extraction method and analyzed using HPLC with a UV-Vis detector 
developed and validated as discussed above. 

When testing the plasma baseline, no peaks were observed at the 
same retention times of FP or SX. A significant peak appeared at the 
same retention time of IS (βE). Consequently, the method was then 
applied without using an internal standard. The method was applied 
by using a SUPELCO column. The blank chromatogram is shown in (fig. 
6a). 

The two medications of a concentration of 66.67 µg/ml were 
extracted from spiked human plasma and injected into the HPLC 
with a UV-Vis detector. Retention times of (6.3 and 1.9 min) were 
detected for FP and SX, respectively as shown in (fig. 6b). 

Recovery values extrapolated from the linear curve were ranged 
94.98–102.46 % and 96.54–102.62 % for FP and SX respectively 
indicate high efficiency of the extraction method of FP and SX from 
spiked plasma samples. 

Linearity and calibration curve 

Three calibration curves with the following concentrations points 
(6.67-66.67 µg/ml) and (3.33-33.3 µg/ml) for FP and SX, respectively, 
were extracted from spiked plasma and injected into the HPLC three 
times. The calibration graphs for FP and SX are in (fig. 7). 

The developed method was linear within its specified range with 
accepted values of accuracy and precession since the R2

 

 of the 
analytes was>0.9969. 

 
a 

 
b 

Fig. 6: HPLC chromatograms with changing wavelengths during the run time using a SUPELCO column for (a) Plasma blank. (b) The two 
medications were extracted from spiked plasma in combination 

 

 

Fig. 7: Representative curves out of 3 for the calibration curves for the concentration of FP (a) and SX (b) extracted from plasma with peak 
area 
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Method accuracy 

The accuracy of developed methods, of FP and SX were tested at the 
concentration levels of (53.33, 40, 26.67 and 13.33 µg/ml, n = 3) and 
(26.67, 20.00, 13.33 and 6.67 µg/ml, n = 3). The highest relative 
error (RE) value, at all concentration levels for either FP or SX, was 
found to be not more than 0.043%. 

To our knowledge, there is no HPLC-UV method for determining FP 
and SX in human plasma simultaneously. In the literature, only 
HPLC/Mass spectrometric methods were reported for analyzing FP 
and/or SX in human plasma using liquid-liquid or solid-liquid 
extraction techniques. Luigi Silvestro et al. analyzed FP and SX in 
plasma using LC/Tandem MS, Liquid-liquid extraction of spiked 
samples of FP and SX separately was done using diethyl ether then 
mixed and centrifuged at 4000 rpm and reconstituted by 
acetonitrile: water, while the supported liquid extraction (SLE) 
method was done to isolate both FP and SX from human plasma [27]. 

Also, Krishnaswami S, et al. extracted FP from spiked plasma 
samples by 30 % ethanol followed by solid-liquid extraction then 
reconstituted by methanol-water mixture. Samples were analyzed 
using LC-MS/MS [32]. A UPLC-MS/MS method was reported for 
detection of FP and its metabolites solid-phase extracted from 
human plasma [17]. 

CONCLUSION 

A new, simple, rapid, accurate, and highly sensitive method was 
developed for the simultaneous determination of Fluticasone 
Propionate (FP) and Salmeterol Xinafoate (SX) in methanolic 
solution and human plasma using the HPLC instrument. The 
methods are valid for HPLC with UV detection. The simple non-
buffered mobile phase, short retention times, and low detection 
limits are the advantages of this work over the other studies in the 
literature for the same drugs. 
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