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Abstract  

In this research, magnetic solid phase extraction followed by dabsyl chloride 

derivatization was applied as simple, rapid and sensitive determination of trace amounts of 

salmeterol xinafoate (SX) in water, urine samples with HPLC-UVD. Several factors 

influencing the extraction of SX, such as pH, surfactant and adsorbent amounts, salt addition, 

extraction time, sample volume and desorption conditions were studied and optimized. Under 

optimum condition, the limit of detection (LOD) of the proposed method was 0.5 ng mL−1 in 

water and urine samples. Good linear behaviour over the investigated concentration ranges 

(0.5-500 ng mL-1) with good correlation of determination, R2> 0.9998 was obtained The 

relative standard deviations (RSDs) based on five replicate determinations at 2.5, 25, 250 ng 

ml-1 levels of SX was less than 5.2%. 
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1. Introduction 

Salmeterol is a long-acting and highly selective β2 agonist formulated as its 1-

hydroxy-2-napthoate (xinafoate) salt used in the treatment of asthma and chronic obstructive 

pulmonary disease [1-2]. Figures 1showed the chemical structure and properties of salmeterol 

xinafoate.Symptoms of bronchospasm include shortness of breath, wheezing, coughing and 

chest tightness. It is also used to prevent breathing difficulties during exercise (exercise-

induced bronchoconstriction) [3-4 ]. 

Literature survey reveals that spectrophotometry [5-7,26), high performance thin layer 

chromatography (HPTLC) [8], ultra performance liquid chromatography (UPLC) techniques 

[9], high performance liquid chromatography (HPLC) [10-11] and electrophoresis [12] have 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 4.483, ISSN: 2320-5083, Volume 6, Issue 8, September 2018 

 

2 
www.jiarm.com 

been used for determination of SX in pharmaceutical dosage forms .Moreover, salmeterol 

xinafoate has been  determined by HPLC[13-15], HPTLC [16], LC–MS [17], (CE) LC–

MS/MS [18-19] , GC–MS [20-21] , capillary electrophoresis [22], pressure-assisted capillary 

electro chromatography coupled with electrospray ionization-mass spectrometry (pCEC–ESI 

MS) [23] ,etc.  

More recently some research groups have developed applicability of modified Fe3O4 NPs for 

extraction and determination of trace amounts drug compounds from solutions [28-32]. 

Nanoparticles (NPs) are gaining much interest in many academic and industrial fields [33-

42], and reports include plenty of fascinating affects where they are concerned, for example, 

in biological and medical applications. 

One of the most important applications of nanotechnology has been focused on developing 

new extraction methods. MNPs have been used for efficient extraction of ultra trace 

quantities of contaminants, additives, and bioactive, biological and medical compounds 

where classic extraction methods are not usable for these matrices[43]. 

Due to several advantages magnetic nano particles (MNPs) have become new sorbents for 

dispersive-SPE Methods. High extraction efficiency, functionalization with both organic and 

inorganic groups for the adsorption of diverse target analytes, reduction of analysis times, 

method simplicity, and the capability of being reused is some of these advantage [43]. 

Derivatisation has to be performed in order to increase the sensitivity needed for a subsequent 

UV, VIS or fluorescence detection [44]. The use of an HPLC system equipped with an UV 

detector requires derivatisation with a chromophoric reagent such as dansyl-chloride (Dns-Cl) 

[45, 46], or dabsyl chloride (Dbs-Cl); [47-50]. Although dansyl chloride is the most widely 

used derivatisation reagent in the analysis of compound containing amino group by means of 

RP-HPLC–UVD[51, 52] , dabsylation is less frequently applied in drug analysis. Its 

advantage over the predominantly used dansyl chloride reagent is that dabsyl derivatives 

show absorbance in the range of 436–460 nm [53, 54]. 

The aim of this work was to develop and validate an assay for salmeterol xinafoate (SX). 

A sensitive method for determination of SX was introduced by magnetic solid phase 

extraction followed by dabsyl chloride derivatization and high performance liquid 

chromatography analysis. Afterward, the proposed method applied for measurement of SX in 

water and biological samples.  
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2. Experimental 

2.1. Chemicals 

All of the reagents used were of analytical grade.Salmeterol xinafoate with purity of 

more than 99.5% was purchased from VAMSI company (Solapur, Maharashtra, India). The 

chemical structure and physical properties of salmeterol xinafoate is shown in Fig. 1. HPLC-

grade acetonitrile, methanol, sodium carbonate, sodium hydroxide, sodium dodecyl sulphate 

(SDS), methanol, ethanol, hydrochloric acid and NaCl were all purchased from Merck 

(Darmstadt, Germany). 4-(4-dimethylaminophenylazo) benzenesulfonyl chloride (dabsyl 

chloride) and Magnetic Fe3O4 nanoparticles (diameter <50 nm or 50–100 nm), were provided 

from Sigma-Aldrich Company (Steinheim, Germany). Dabsyl chloride reagent was dissolved 

in acetonitrile at (4.0 mg ml-1 ) and sonicated for 5 min. The reagent water used was purified 

with a Milli-Q system from Millipore (Bedford, MA, USA). Stock standard solution of SX 

(1000 mg L−1) was prepared by dissolving in acetonitrile. All of the standard solutions were 

stored at 40C in the refrigerator. The working solutions were prepared by proper dilution of 

the standard solution in the reagent water.  

2.2. Apparatus  

The HPLC operating mode was isocratic, injection volume was 20 μL and column 

temperature was adjusted to room temperature. The chromatography column was a HPLC 

column Waters Symmetry C18 15cm × 4.6 mm, 3.5 μm. The mobile phase used was a 

combination mixture of ultrapure water and acetonitrile (ACN: H2O 80:20, v/v). The flow 

rate was 1 mL min−1. The mobile phase was filtered through a (0.45 µm) pore size filter 

(Merck Millipore, Billerica, Massachusetts, USA) and degassed by vacuum prior to use. The 

UV-Visible detector was adjusted to 460 nm. 

 A 40 kHz and 0.138 kW ultrasonic water bath with temperature control (Tecno-

GazSpA Italy) was applied for ultrasonication of the samples. All of the pH measurements 

were performed with a Jenway model 3320 pH meter (Staffordshire ST15 0SA, England) 

supplied with a combined glass electrode. A Stuart CB162 motor-stirrer (Staffordshire ST15 

0SA, England) was applied to stir solutions by a magnet. Magnetic separation was done by a 

strong super magnet with 1.4 T magnetic field (1 × 3 × 5 cm). 

2.3. Magnetic solid phase extraction-dabsylation procedure 

Amount of 25 mL of aqueous sample containing SX with concentration of 100 ng mL-

1 (pH = 2.0) was transferred to 100 mL glassware beaker. Then, 20 mg of the nano Fe  and 

7.5 mg of the SDS reagent were sequentially added together and completely mixed with the 
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sample solution. The mixture was shacked and allowed to complete the extraction process for 

5 min. Subsequently, an strong magnet (1 cm × 3 cm × 5 cm, 1.4 T) was placed at the bottom 

of the beaker, and the SDS-coated nano  Fe were isolated from the solution. After about 30 

second, the preconcentrated SX was eluted by 0.2 ml of acetonitrile from the surface of 

MNPs .This solution was used for dabsylation. 

2.4. dabsylation of salmetrol 

Dabsylation was performed according to Faraji et al. method [54,55]. Briefly, 100 µL 

of the eluted SX was transferred to a 10.0 ml conical glassware vial. Then, 50 µL of 1.5 mol 

L−1 sodium carbonate buffer pH = 9.0 and 100 µL of 4.0 mg mL−1 of dabsyl chloride were 

added to the vial. The vial was vortexed for 1 min and then allowed to react at 70°C for 10 

min in a water bath. Afterward, the derivatisation reaction was stopped by cooling the test 

tubes in an ice bath. 20 µL of the solution was injected directly into the HPLC using a micro 

syringe. All of the experiments were done by three replicate.  

2.5. Sample preparation of real samples 

In order to study the feasibility of the proposed MSPE method for extraction and 

determination of SX in the real samples, the developed technique was applied for the 

extraction of SX from the tap and urine samples. Tap water sample was collected freshly 

from our laboratory (Tehran, Iran). In order to reduce the matrix effect, the spiked urine 

sample were diluted to 1:10 using ultra-pure water without further treatment.  

 

3. Results and Discussion 

3.1. Optimization of the MSPE technique 

3.1.1. Effect of sample’s pH 

It is well known that the pH of the sample solution was one of the most important 

factors affecting the states of species (as ions or neutral forms). Moreover, pH is one of the 

factors influencing the adsorption behaviour of mixed hemimicelles system due to the change 

of the charge density on the MNPs surface[10-15]. As shown in Fig. 2, maximum adsorption 

of SX was obtained when pH is 2.0. The adsorption amount decreased when the pH increased 

from 2.0 to 9.0. This can be attributed to the fact that the positively charged surface of the 

MNPs was favourable for the adsorption of anionic surfactants. When pH value increased, 

the positive charge density on the MNPs surface decreased [13,18]. The electrostatic 

attraction between negative charges of SDS and positive charges of the surface of MNPs was 

not strong enough to produce hemimicelles, which made against the great adsorption of SX 
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as positively charged form (pH = 2.0-7.0 based on pKa = 8.3 and 10.3). Thus pH of 2.0 was 

selected for subsequent experiments. 

3.1.2. Effect of the amount of SDS on adsorption of SX 

The adsorption of amphiphilic organic compounds in mixed hemimicelles phase can 

be achieved by both hydrophobic and electrostatic interactions, since hemimicelles and 

admicelles have hydrophobic and ionic outer surfaces, respectively. 

In the absence of SDS, the SX was hardly adsorbed onto the surface of nano Fe. The 

adsorption amount of SX increased remarkably by increasing amount of SDS. Maximum 

adsorption was obtained when SX amounts was 7 mg. When SDS amount was above 7 mg, 

the adsorption of the SX decreased gradually, which may be attributed to formation SDS 

micelles in the bulk of aqueous solution and the micelles caused SX to redistribute into the 

solution again. Based on the obtained results, 7 mg of SDS was added into the solution in the 

further studies. 

3.1.3. Salt effect 

The effect of salt addition on adsorption of the SX was investigated by addition of 

NaCl in the range of 0-5% (w/v). The results showed that as the NaCl concentration 

increases, adsorption capacity of the MNPs decreases significantly. The results can be 

justified by exchange reactions in the solution during adsorption as shown below [22]: 

  NaHSMXRSOSMXHNaRSO 33                                                                         (1) 

It is worthy to note that, in the presence of large amounts of salt (Na+), decreases in 

adsorption of SX based on Le Chatelier's principle is occurred. Therefore, all the subsequent 

experiments were performed in the absence of salt. It is important to know,in the biological 

samples because of existence of salts, lower extractions in comparison with the aqueous 

sample may be expected. 

3.1.4. Effect of the adsorbent amount and extraction time 

In order to study the effect of the adsorbent amount on the extraction efficiency, 10 to 50 

mg of the nano Fe was added to 25 mL of the sample solution. The obtained results showed 

that by increasing the adsorbent amounts up to 25 mg; due to the increasing of accessible 

sites, extraction recovery slowly increased and then, remained constant. It can be attributed 

by higher surface area-to-volume ratio of the nano Fe in comparison with traditional 

adsorbents (micronized adsorbents) . Therefore, satisfactory results can be achieved with 

fewer amounts of the nano Fe (25 mg).  
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Also, the effect of the extraction time on the adsorption of SX was investigated in the 

rage of 2-20 min. Based on obtained results; adsorption of SX increased slightly up to 7 min 

and then, remained constant. The results can be attributed by shorter diffusion route for 

MNPs. Meanwhile, in the experiment, SDS-coated MNPs possessed super paramagnetism 

properties and large saturation magnetization , which enabled them to be completely isolated 

in a short time (less than 1 min) by a strong magnet. In other word, rapid extraction and 

desorption of the analytes from the MNPs can shorten the analysis time considerably. 

Therefore, 7 min was chosen as optimum extraction time. 

3.2. Desorption conditions 

3.2.1. Selection of proper eluent 

Organic solvents are known to disrupt mixed hemimicelles and were used to elute 

analytes from the SDS-coated MNPs[53]. Thus, desorption of SX from the SDS-coated 

MNPs mixed hemimicelles was studied with different organic solvents (acetonitrile, 

methanol, and mixture of methanol and acetonitrile). Desorption ability of eacetonitrile was 

found to be superior in comparison with other eluents. This can be attributed to the fact that 

when the pH level was higher or around its isoelectric pH, charge density in MNPs surface 

was weak and favourable for the disruption of mixed hemimicelles . 

3.2.2. Effect of eluent’s volume and desorption time 

The effect of the volume of the acetonitrile on desorption efficiency was studied in the 

range of 0.2–1.0 mL. The results are shown in Fig. 4. As can be seen, when the volume of 

eluent was increased, desorption efficiency of SX increased until 0.2 mL, by further 

increasing the volume of the eluent, peak areas were decreased, because of dilution effect. 

Therefore, 0.2 mL of the eluent was chosen as the optimum eluent volume. Moreover, in 

order to obtain maximum desorption efficiency, effect of desorption time was also 

investigated in the range of 1-10 min. Based on obtained results, desorption time has no 

significant effect on the desorption efficiency of SX. Therefore, a time of 30 second was 

chosen for further studies in order to reduce overall analysis time. 

3.3. Analytical performance 

Table 2 summarizes quantitative parameters of the proposed method such as linearity, 

limit of detection (LOD), limit of quantification (LOQ), precision, enrichment factor (EF) 

and sensitivity for SX in two different matrices for extraction of SX from 25 mL of sample 

solution. Under the optimized conditions given above, the calibration graphs were linear in 

the range from 1 to 500 ng mL-1 (n = 8) for tap water and urine samples. LODs was 0.5 and 
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also LOQs  was 1.5 ng mL-1 for water, urine. LODs were calculated based on S/N = 3. The 

EF of SX was obtained by dividing the slope of the calibration graph that was obtained after 

pre-concentration and derivatization to slop of calibration curve that was obtained from direct 

injection of standards of SX into HPLC column. The EFs of the proposed method were 

(1373.3, 1234.2) for tap water and urine samples, respectively. Also, relative standard 

deviations (RSDs) of intra-day (repeatability, n = 5) and inter-day (reproducibility, n = 5) was 

less than 3%  and 6% at 2.5, 25, 250 µg L-1 of SX, respectively . Moreover, ANOVA one 

factor statistics showed that there is no significant difference between inter-day peak areas 

obtained for SX. 

3.4. Application of the MSPE for real samples 

In order to assess the applicability of the newly developed extraction system to analysis of the 

drug in real samples with complex matrices, the spiked tap water and urine samples were 

extracted and analyzed using the proposed method under optimum conditions. Since SX was 

not detected in the real samples, thus µg L−1 amounts of SX were added into the real samples 

and extraction and determination procedure was done based on the procedure. Table 2 shows 

that the results of three replicate analyses of each real sample obtained by the proposed 

method are in satisfactory agreement with the spiking amounts and relative errors < 9.0% 

were obtained. Moreover, the proposed method displayed good reproducibility to determine 

the drug in the real samples with intra-day RSD% values in the range of 2.3–9.7. Fig. 6 

depicts the MSPE-HPLC-UVD chromatograms of SX in the tap water (Fig. 6a) and and 

diluted urine  (Fig. 6b) samples, before and after spiking of the samples with SX.  

 

4. Conclusion 

In the present study, for the first time a new simple, sensitive and low cost method 

was developed based on MSPE of SX followed by dabsyl chloride derivatization and HPLC-

UVD analysis. Coating magnetic nanoparticles by sodium dodecyl sulfate as an anionic 

surfactant provide affinity and retention of SX on the MNPs by attractive electrostatic 

interactions between anionic head of surfactant and cationic drug (portended amine group). 

Dabsyl chloride derivatization leads to improve chromatographic behaviour of SX and also 

better sensitivity as result of excellent molar absorptivity of dabsyl chloride moiety and lesser 

detection interferences from real sample in comparison with wavelength of 278 nm (a lot of 

chromatographic interferences in real biological samples)(Fig. 7). The proposed method in 

comparison with the methods which used LC-MS and GC-MS has advantages such as 
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comparable sensitivity, simplicity, and a low cost. The proposed method allows 

determination of trace amount of SX in different water and biological samples with good 

accuracy and reproducibility. Based on obtained results, it is anticipated that the proposed 

method has great analytical potential in pre-concentration of drugs from real sample at same 

way. 
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Figure legends 
Fig. 1. Chemical structure of SX. 

Fig. 2. Effect of pH on extraction efficiency. Conditions: Sample volume = 25 mL; 

concentration of the salmeterol xinofoate = 500 µg L-1; 20 mg magnetic Fe3O4 NPs; 7mg 

SDS;  

stirring time = 5 min; elution with 0.5mL methanol; desorption time = 30 second. 

Fig. 3. Effect of SDS amount on extraction efficiency. Conditions: Sample volume = 25 mL; 

concentration of the salmeterol xinofoate = 500 µg L-1; sample’s pH = 2.0; 20 mg magnetic 

Fe3O4 NPs; stirring time = 5 min; elution with 0.5 mL methanol; desorption time = 30 

second. 

Fig. 4. Effect of weight of magnetic Fe3O4 NPs on extraction efficiency. Conditions: Sample 

volume = 25 mL; concentration of the salmeterol xinofoate = 500 µg L-1; sample’s pH = 2.0; 

7 mg SDS; stirring time = 5 min; elution with 0.5 mL methanol; desorption time = 30 second. 

Fig. 5. Effect of eluent’s volume on extraction efficiency. Conditions: Sample volume = 25 

mL; concentration of the salmeterol xinofoate = 500 µg L-1; sample’s pH = 2.0; 25 mg  

magnetic Fe3O4 NPs; 7 mg SDS; stirring time = 5 min; desorption time = 30 second. 

Fig. 6.Camparision between peak area of SX afterdifferent concentration spiked . 

Fig. 7.Camparision between peak area of SX after applied the method. 
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Table 1. Figures of merit of the proposed method in water and urine for extraction and 

 determination of the SX. 

 

 

 
Table 2. Determination of SX  in tap water and urine samples using the method 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Matrix LOD          
ng/ml)  ( 

 

RSD% (n =2.5,25, 250  
ng/ml ) 

Enhanced 
factor 

         Linear 
range (  
ng/ml) 

       R2 

Intra-day Inter-day  

Water  0.5 1.4,2.7,0.8 2.5,4.5,5.2 1373.3 0.5-500  
 

0.9997 

Urine  0.5 1.3,0.6,0.2 2.3,3.5,4.7 1234.2 0.5-500 0.9998 

Matrix  Added (ng/ml) Found (ng/ml) RSD (n=3)% Recovery% 

Water  0 
2.5 
25 

250 

N.D 
2.59 
23.8 
238 

 0 
1.4 
1.2 
0.8 

0 
103.8 
95.2 
95.3 

Urine  0 
2.5 
25 

250 

N.D 
2.52 
23.5 
233 

 0 
2.2 
1.5 
0.3 

0 
100.9 

94 
93.3 
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Fig. 1 

 

 
 
 
 
 
 
 
 
 
Fig. 2 
 
 
 

 
 
 
 
 
 
 
 

pKa = 10.3 ,8.3; LogP = 5.35;  
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Fig. 3 
 
 
 

 
 
 
 
 
Fig. 4 
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Fig. 5 
 

 
 
 
 
 
 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 4.483, ISSN: 2320-5083, Volume 6, Issue 8, September 2018 

 

17 
www.jiarm.com 

 
 
 
Fig. 6(a) non spiked------25ng/ml spiked ------250ng/ml spiked 
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Fig. 6(b) non spiked------25ng/ml spiked ------250ng/ml spiked 
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Fig. 7 
Camparision between peak area of SX after applied the method 

Black line: peak area of SX(Retention time of salmeterol:4 min)   

Red line: peak area of SX after magnetic solid phase extraction followed by dabsyl chloride 

derivatization (Retention time of salmeterol:4 min) 

 
 
 


