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1. INTRODUCTION 

Formoterol fumarate (N-[2-hydroxy-5-[1-hydroxy-2-
[1-(4-methoxyphenyl) propan-2-ylamino]ethyl] phenyl]
formamide) dihydrate (Figure 1) is a long acting β-2 agonist 
used for asthma and chronic obstructive pulmonary disease 
(1-3).

Some analytical methods for quantitative determination of 
formoterol fumarate in biological fluids by LC-MS/MS (3, 4). 
A survey of the literature also revealed that a few analytical 
methods have been reported for the determination of 
formoterol fumarate by HPLC (5-10), capillary electrophoresis 
(11), capillary electrophoresis with laser induced fluorescence 
after derivatization (12), derivative spectroscopic method 
for dosage form (13) spectrophotometry  (14-15), chiral 
HPLC method (16), gas chromatography (17),  HPTLC (18), 
quantitative NMR (19) for pure and pharmaceutical forms. 
But no ion pair extraction method has been reported for 
formoterol fumarate dihydrate. 

Extractive spectrophotometric procedures are the most 
widely used techniques  because of their simplicity, 
cost-effectiveness, sensitivity in many pharmaceutical 
analysis;  ofloxacin and lomefloxacin (20), tadalafil (21), 
ranitidine (22), sertaconazole nitrate and miconazole nitrate 
(23), enoxacin (24), levofloxacin (25). Thus ion-pair extractive 
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spectrophotometry has received considerable attention for 
the quantitative determination of many pharmaceutical 
compounds.

In this study we report the development of accurate and 
precise extractive spectrophotometric method based on FF-
MO ion-pair complex in chloroform and the measure the 
absorbance of coloured complex. The proposed method was 
applied successfully for the determination of the formoterol 
fumarate dihydrate in bulk and dosage form. No interference 
was observed from commonly used tablet excipients. The 
method was validated by the statistical data and can be easily 
adapted for industrial analysis.

Figure 1. Chemical structure of formoterol fumarate 
dihydrate.

2. EXPERIMENTAL

2.1. Apparatus/instrumentation

Schimadzu UV-mini 1240 PC-UV visible spectrophotometer 
with 1 cm quartz cell was used for all spectral measurements. 
pH measurements were carried out with Jenco 6179 pH meter. 

The HPLC system was used as a reference method. HPLC 
system (Schimadzu Corporation Analytical System) 
consisting of Rheoydne syringe sample injector (20 µL), 
LC-20AT pump system, DGU-20A5R degassing unit,  SPD-
M20A PDA detector, GL Sciences Inertsil ODS-3 column 
(46x260 mm, 5µm), CTO-10AS column oven.  

2.2. Materials and reagents

Formoterol fumarate dihydrate (FF) was obtained from 
Neutec Pharmaceuticals. Ventofor-Combi containing 12 
µg in a rotacap was obtained from local pharmacy. All 
the chemicals and reagents were obtained from Merck 
(Darmstadt, Germany) and used without any further 
purification.

2.3. Preparation of standard solutions and reagents

100 µg/mL standard solution of FF was prepared in methanol. 
Working standard solutions were prepared by appropriate 
dilution of the standard solution with methanol. 0.12 g methyl 

orange (MO) was dissolved in distilled water and diluted 100 
mL with the same solvent. The phospate buffer solutions were 
prepared according to European Pharmacopoeia 8th Edition.

2.4. General Procedure 

2.4.1. FF-MO method 

1 mL of standard solution of FF (20-100 µg/mL), 1 mL of 
MO solution and 1mL pH 4 phosphate buffer solution were 
added in a 15 mL centrifuge tube and extracted with 5 mL 
chloroform after vortexing for 1 minute and centrifuging at 
3000 rpm for 2 minutes. The absorbance of organic layer was 
measured at 428 nm aganist  a reagent blank. 

2.4.2. Procedure for capsules 

120 rotacap capsules (Ventofor Combi® 12 mcg) were 
accurately weighed, mixed with 15 mL methanol and diluted 
to 25 mL with the same solvent. The solution was filtered. 
To 1 mL of the clear solution, 1 mL MO and 1mL pH4 
phosphate buffer solution were added and extracted with 5 
mL chloroform, then proceeded as described in section FF-
MO method. These concentrations were calculated using the 
regression equation of calibration curve.

3. RESULTS 

The proposed method is based on the formation of ion pair 
complex between a nitrogenous drug formoterol fumarate 
dihydrate and an anionic dye methyl orange at pH4. 
Absorbance of the yellow coloured ion pair complex was 
measured at 428 nm after extraction with chloroform.

3.1. Optimization of conditions

3.1.1 Effect of pH on ion pair formation

The effect of the pH was investigated in the interval of 2.0 to 
8.0. Maximum absorbance was observed when the aqueous 
solution was buffered at pH 4.0 (Figure 2).
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Figure 2. Effect of the pH on ion-pair complex formation 
between FF and MO reagent.
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3.1.2 Effect of the extracting solvents 

Various organic solvents such as chloroform, 
dichloromethane, benzene, carbon tetrachloride and toluene 
were tested for the extraction of the ion-pair and the highest 
absorbance was obtained with chloroform. 

3.1.3 Effect of reagent concentration

The effect of the concentration of MO on the intensity 
of colour developed at 428 nm was studied and 1 mL of 
0.12% MO reagent was sufficient to produce maximum and 
reproducible absorbance.

3.1.4 Stoichiometric Ratio 

Stoichiometric relationship was determined using Job’s 
Continuous Variations Method. Job’s Curve prepared at the 
total concentration of 1x10-3 M solutions of FF and MO, 
indicated a stoichiometric ratio of 1:1 (Figure 3). 
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Figure 3. Job’s method of continuous variation plot for the 
reaction of FF and MO.

3.2. Method validation

The proposed method was validated according to ICH 
guidelines (26) for validation of analytical procedures in 
order to determine linearity, limit of dedection, limit of 
quantification, precision and recovery. 

3.2.1 Linearity

Under the optimum conditions a linear relationship was 
obtained from five points covering the concentration range 
of 4.0-20.0 µg/mL. The regression equation of the calibration 
curve was A=0.0434c - 0.0206 (R2= 0.9981). 

3.2.2 Sensitivity

The limit of dedection was calculated by LOD=3.3σ/S, where 
σ is the standart deviation of the intercept of the calibration 

curve and S is the slope of the  calibration curve. The limit 
of quantification was calculated as LOQ= 3xLOD. LOD 
and LOQ values were found to be 0.22 and 0.66 µg/mL 
respectively. The statistical data are given in Table 1.

Table 1.  Statistical analysis of the calibration graphs and 
analytical data in the determination of FF using the proposed 
method.

Parameters

Wavelengths λ max (nm) 428

Concentration range (µg/mL) 4-20 

Regression equation A= 0.0434c-0.0206

Slope 0.0434

Intercept -0.0206

Determination coefficent (R2) 0.9981

LOD (µg/mL)a 0.22

LOQ (µg/mL)b 0.66
aLOD, limit of dedection; bLOQ, limit of quantification.

3.2.3 Precision 

Intra-day (three times a day operation under the same 
conditions) and inter-day (three different days) variations 
were examined using determined concentration levels. The 
results are summarized in Table 2.

Table 2. Intra-day and inter-day precision and accuracy data 
for FF obtained using the proposed methods.

Inter-day     Intra-day    

Conc.
 taken 
(µg/mL)

Conc. 
found  
(µg/
mL)

Reco-
very
(%)

RSD%a

n=3

 Conc.
 taken   
(µg/mL)

 Conc.
 found   
(µg/mL)

Reco-
very
(%)

RSD%a 
n=3

 8.00 8.01 100.12 0.97 8.00 8.01 100.12 1.22

12.00 12.07 100.58 0.41 12.00 12.07 100.58 0.41

 16.00 15.98 99.88 0.26 16.00 16.04 100.25 0.26

Recovery studies

Concentration taken (µg/
mL)

Concentration found   
(µg/mL)

Recovery

17.28 17.18 %99.46±0.49  

aMean of three determinations, RSD%, percentage relative standard 
deviation.
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3.2.4 Recovery  

Recovery studies were carried out by standard addition 
method. In this study, definite concentration of bulk 
drug was added to a known preanalyzed sample and total 
concentration was determined using the proposed method 
(Table 2).

3.2.5 Interferences

No interference was observed from commonly used tablet 
excipients such as lactose monohydrate and gelatin.  

3.2.6 Application to formulation

The proposed method was applied to the determination of 

FF in commercially available capsules (Ventofor-Combi ® 12 

mcg). The same samples were  also analyzed simultaneously 

by the HPLC reference method (5). The results obtained 

from the analyses were compared statistically. The Student’s 

t- values and F-values at the 95% confidence level did not 

exceed the tabulated values. Table 3 summarizes the results. 

Table 3.  Results of analysis of formoterol fumarate dihydrate capsules

Sample number Proposed Method  
Concentration   (µg/capsule)

Reference method (5) 
Concentration   (µg/capsule)

1 11.35 11.68
2 11.02 11.57
3 11.30 11.99
4 11.07 11.32
5 11.40 11.48
6 11.51 11.20
X 11.28 11.54

SD 0.36 0.28
RSD % 3.19 2.42

CIa 10.90-11.66 11.24-11.84
F testb 1.66 b(F=5.05 for p=0.05)
t testc 1.30 c(t=2.23 for p=0.05)

a Confidence interval (95%)

İyon çifti reaktifi olarak kullanılan metil oranj ile formoterol 
fumarat dihidratın saf ve dozaj formunun valide edilmiş 
spektrofotometrik yöntemle tayini

ÖZ
Bu çalışmada formoterol fumarat dihidratın saf ve dozaj 
formlarındaki tayini için hızlı, basit, doğru ve duyarlı bir 
spektrofotometrik yöntem geliştirilmiştir. Geliştirilen yöntem, 
formoterol fumarat dihidrat ile metil oranjın pH 4’te sarı 
renkli iyon çifti kompleksi oluşturması esasına dayanmaktadır. 
Kloroform fazında bulunan iyon çifti kompleksinin maksimum 

absorbsiyon yaptığı dalga boyu 428 nm olarak tespit edilmiş ve 
doğrusallık aralığı 4-20 μg/mL olarak bulunmuştur. Kalibrasyon 
eğrisinin eğimi 0,0433 µg/mL, dedeksiyon limiti 0,22 µg/
mL ve kantitasyon limiti ise 0,66 µg/mL olarak bulunmuştur. 
Geliştirilen yöntem, ticari kapsüllerde bulunan formoterol 
fumarat dihidrat tayini için uygulanmıştır. Geliştirilen ve 
referans yöntemden elde edilen sonuçlar arasında doğruluk ve 
tekrarlanabilirlik açısından anlamlı bir fark gözlenmemiştir. 
Yardımcı maddelerin girişimi bulunmamaktadır.
Anahtar kelimeler: Formoterol fumarat dihidrat, 
spektrofotometri, iyon çifti kompleksi, metil oranj

DISCUSSION
Comparison of the proposed method with those of published 
on spectrophotometric determination of formoterol fumarate 
dihydrate (FF), showed no significant difference in respect of 
sensitivitiy, accuracy and precision.
Methods A and B described by Gousuddin and co-workers 
(14) are based on the formation of coloured chromogens 
of Fe2+ ions produced by the reduction of Fe3+ with FF. 
Formation of Fe2+ can be easily interfered by the other 
reduction agents. The method of Prasad (15) requires an 
extraction to eliminate the interference of the additives used 

in the preparation of dosage forms. Hence the proposed 
method can be considered as superior to these methods in 
terms of selectivity. Also, the reagent used in the proposed 
method is simple and readily available.

CONCLUSIONS
The proposed and validated spectrophotometric method 
for formoterol fumarate dihydrate is simple, rapid and 
sensitive. The reagent  used commonly available. Since 
there is no interference with common excipients, this 
method can succesfully be applied  for FF quantification in 
pharmaceutical products, 
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