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ABSTRACT

Butamirate citrate is a non-narcotic cough suppressant. A straightforward and accurate analytical method
is indispensable for the assay of butamirate citrate for the pharmaceutical industry. In the present study, a high
performance liquid chromatography (HPLC) method with UV detection was developed and validated for the
estimation of butamirate citrate from tablet and syrup formulations. 1:1 v/v mixture of acetonitrile and 0.008M
1-hexane sulfonic acid sodium salt was used as mobile phase and the determination was taken at 258.0 nm.
Strict linearity was obtained in the range of 28 µg.mL-1 to 2020 µg.mL-1 for the concentration of butamirate
citrate  with a R value of 0.9999. The limit of detection (LOD) was observed as 23.5 µg.mL-1 (4.70 x 10-5 M).
The developed method efficiently separated the analyte from its degradation products derived from different
stress conditions like alkali, acid, oxygen and temperature. This developed method was applied for the assay
of different commercial brands of butamirate citrate (tablets and syrups) and satisfactory results were obtained.
The method is selective, sensitive, accurate, precise, rugged and robust. Thus the method can be used for the
routine analysis of butamirate citrate in pharmaceutical preparations. 
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Introduction

Butamirate citrate (2-(2-diethylaminoethyloxy)ethyl 2-phenylbutanoate; 2-hydroxypropane-1,2,3-tricarboxylic
acid)  is a cough suppressant, mainly used in acute lower respiratory tract infections (tracheitis, laryngitis,
bronchitis) (Mikó, 2005). The drug is also effective in the treatment of irritative cough due to seasonal
respiratory disorders or chronic cough. It is relatively a safe drug with a small incidence of side effects like
nausea, vomiting, diarrhoea and skin exanthemas of the patients. The drug is effective similar to clobutinol in
liquid dosage forms (Charpin, 1990). An adult dose of the drug is 50 mg per day. But, for the children below
12 years of age the dose is reduced up to 20-30 % (Mikó, 2005).   

An uncomplicated method is the utmost importance to analyze a drug for quality assurance. So, continuous
effort is given by the researchers to find out easy, accurate and cost effective analytical methods. Literature
survey reveals that few analytical methods have been reported for identification and quantification of butamirate
citrate by derivative UV-spectrophotometry and HPLC method from pharmaceutical dosage forms (Malliou,
2003) and from human blood plasma (Bohner, 1997).
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The aim of the present study was to develop and validate a relatively simpler, less-time consuming and
cost effective method for the determination of butamirate citrate in different types of pharmaceutical
formulations (tablet and syrup). The reagents and solvents were selected in such a way that can be used to
analyze commonly used commercial pharmaceutical formulations. The target was to reduce the experimental
cost as well as to improve the rapidity of the industrial production processing. In addition, the aim was to see
the applicability of this developed method to assess different marketed brands of butamirate tablets and syrups.

Materials and methods

Chemicals and Reagents:

Reference standard of butamirate was purchased from Labochim (Laboratorio Chemico Internazionale,
Milan, Italy). Methanol (MeOH) and ammonia solution (25%) was obtained from Merck KGaA (Darmstadt,
Germany), acetonitrile from Lab Scan Analytical Science (Lab-Scan Ltd., Ireland), 1-hexane sulfonic acid
sodium salt from Fischer Scientific (UK) and ortho-phosphoric acid (H3PO4) (85%) from Riedel-de-Haën
(Seezle, Germany). 

Instruments:

The quantitative determinations were carried out in HPLC system-Agilent Technologies 1200 series (of
Agilent Technologies, Waldbronn, Germany) equipped with an  Agilent DAD-G 1315B Diode-Array multibeam
UV-visible detector (wavelength 258 nm was used), Agilent GA1322A degasser, Agilent G1316A column
Thermostat, and an Agilent G1312A Thermostatted auto-sampler. The column was Zorbax XDB Eclipsed C18

(4.6×250 mm, 5µm). The operating software was Agilent ChemstationTM for LC and LC-M/S systems. Mobile
phases were filtered through membrane filter 47mm PVDF 0.2 µm paper of Pall Corporation.  The sample and
standard solutions were filtered through disc filter containing 15mm 0.2 µm PVDF paper of Pall Corporation.
pH was measured by pH meter of HANNA Singapore. The measurement was done at room temperature with
flow rate of 2 ml/min.

Preparation of Buffer:

1.5 gm of 1-hexane sulfonic acid sodium salt was dissolved in 200 ml demineralized water. The solution
was further diluted up to 1000 ml with the same solvent. The pH of the solution was approximately 5.4 and
no pH adjustment was necessary.   

Mobile Phase:

1:1 v/v mixture of acetonitrile and buffer (0.008M 1-hexane sulfonic acid sodium salt).

Solution for Dilution:

1:1 v/v mixture of methanol and demineralized water.

Standard Slolutions:

Butamirate citrate solutions prepared from  5.05 µg.mL-1 to 2020 µg.mL-1.

Preparation of Sample Solutions of Tablets and Syrups:

20 tablets were taken and average weight was calculated. The tablets were pulverised and from it an
aliquot equivalent to 50 mg of butamirate citrate was taken. The sample was taken into a 100 ml volumetric
flask and dissolved with 1:1 v/v mixture of methanol and demineralized water and was vigorously shaken for
15 minutes. The solution was further diluted upto the mark with the same solvent. The tempature (during
shaking) was maintained between 25-27<C. Then the solutions were primarily filtered through Whatman filter
paper and the solutions were further filtered through disc filter containing 15mm 0.2 µm PVDF paper. In case
of preparation of sample solutions of syrups an amount equivalent to 30 mg of  butamirate citrate was
dissolvded and diluted in  100 ml volumetric flask with the same diluent solution. Further processing was
similar to that of tablet sample preparation. 
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Analytical Method Validation:

The developed chromatographic method was validated for specificity, linearity, range, precision, accuracy,
sensitivity, ruggedness, robustness and system suitability.

Selectivity or Specificity:

Interference (if any) of excipients (used in pharmaceutical formulations) in the chromatogram of butamirate
citrate was thoroughly checked. In addition to it, selectivity was verified by probing the potential interference
between butamirate citrate and its degraded products. The degraded products were obtained by forced
degradation studies. According to ICH (International Conference on Harmonization, 2003) guideline stress
testing of the drug substance not only help the stability of the drug molecule but also establish  the stability
indicating power of the analytical procedure. The nature of stress testing generally depends on the nature of
the drug as well as the type of formulation used. The tests should include the effect of temperature, humidity,
oxidation, pH etc. on the drug substance. The forced degradation studies were carried out on butamirate citrate
to establish its stability and the selectivity of the proposed method (Carstensen, 2002). All the stress
decomposition studies were performed as per ICH guideline and at an initial drug concentration of 500µg/ml.
The stress conditions employed for the degradation study includes heat (60<C for 3 days), acid hydrolysis (1N
HCl at room temparature for 24 hours), base hydrolysis (0.1N NaOH at room temperature, analyzed within
5.0 minutes after preparation), water hydrolysis (80<C for 6 hours with ultrasonic shaking prior to analysis)
and oxidation studies (6% H2O2, for 12 hours at room temperature). The differences of the retention time of
the peak of butamirate and its degraded products were determined. The resolutions between closely related
peaks with butamirate citrate were also determined. The specificity was also detected by adding butamirate
citrate in a commercial formulation of aspirin and clopidogrel. 

Sensitivity:

Sensitivity was determined by the establishment of LOQ and LOD estimated at a signal to noise ratio of
10:1 and 3:1 (Sethi., 2001), respectively, by injecting a series of dilute solutions with known concentration.
The precision study was also carried out at the LOQ level by injecting six individual preparations of butamirate
citrate and calculating the % RSD of its peak area. 

Precision:

The precision of the quantitative determination of butamirate citrate was determined by intra-assay
precision and inter-assay precision. The intra-assay precision was determined by six replicates of eight
calibration standards (28, 102, 200, 295, 320, 600, 1040 and 2020µg.mL-1). Then, the inter-assay precision was
evaluated by repeating these measurements three times.

Accuracy:

The accuracy of the method was determined by the absolute error and the relative error (in %) from the
claimed concentrations (Podilsky, 2008). 

Recovery Studies:

Recovery studies in tablet formulation were performed by the addition of 4.0, 5.2, 23.0, 25.0 and 40.0 mg
internal standard of butamirate citrate to a pre-analyzed powdered tablet sample (equivalent to 50 mg
butamirate citrate) into 100 ml volumetric flasks. In case of syrup formulation, the recovery studies were
performed by addition of 10.0, 21.0 and 30.0 mg internal standard of butamirate citrate to a pre-analyzed syrup
sample (equivalent to 30 mg butamirate citrate) into 100 ml volumetric flasks.  The samples were dissolved
and diluted up to the mark with diluent solution (1:1 v/v mixture of methanol and water). Then the sample
solutions were filtered, analyzed and the results of recovery studies were recorded.

Ruggedness:

The analyses were repeated by using another HPLC and column (Waters 515 HPLC pump, Waters 2487
dual λ absorbance detector of Waters Corporation, USA and µBondapakTM (3.9 mm x 300 mm) C18 column
of Waters, Ireland).
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Robustness:

The robustness of an analytical procedure is a measure of its capacity to remain unaffected by small, but
deliberate variations in method parameters and provides an indication of its reliability during normal usage
(Deshpande, 2009). 

The flow rate of the mobile phase was 2.0 ml/min in the method. To study the effect of flow rate on
system precision, it was changed by 0.1 units (1.9 ml/min and 2.1 ml/min) while mobile phase components
were held constant and the effect of flow rate was studied.

The effect of the change of pH of the buffer used in the mobile phase was studied by varying ±0.5 pH
units (4.9 to 5.9). The effect of variation of column temperature was studied at 20 and 30<C instead of 25<C.

Solution Stability and Mobile Phase Stability:

The stability testing method was used as reported by Madhavi et al. (2008). The solution stability of
butamirate citrate in the assay method was carried out by leaving the test solution of the samples in tightly
capped volumetric flasks at room temperature for 48 hours. The same sample solutions were assayed in 6 hr
intervals up to 48 hr. Prepared mobile phase was kept constant during the study period. 

Mobile phase stability was also carried out for 48 hr by injecting the freshly prepared sample solutions
at every 6 hr interval up to 48 hr.

Results and discussion

Calibration Curve, Linearity Range and Sensitivity:

The calibration was obtained from least square regression analysis between the average peak area and the
concentration showed a strict linearity with a regression coefficient (R) of 0.9999 over the calibration ranges
tested, i.e. 28 µg.mL-1 to 2020 µg.mL-1 for assay calculation. The best fit linear equation obtained was y =
0.2156x – 0.6908. The limit of detection (LOD) was obtained as 23.5 µg.mL-1 (4.70 x 10-5 M) and the limit
of quantification (LOQ) 28 µg.mL-1 (5.60 x 10-5M) with a low %RSD (0.78 %).

Specificity:

A peak chromatogram of diluent solution and a typical chromatogram butamirate citrate standard was
presented in Fig. 1 and 2 respectively. Extensive degradation was observed under alkaline hydrolysis. Minor
degradation was observed in the stressed samples of butamirate citrate that were subjected to acid, water
hydrolysis, oxidative conditions and heat. The retention time of the degraded products was different from that
of butamirate citrate. The obtained resolution between the most nearest peak with butamirate citrate was greater
than 2.0. So, there was no interference between butamirate citrate and the degraded products obtained by
different forced degradation studies (Fig. 3 to 6). Moreover no interference of excipients in the peak of
chromatogram of butamirate citrate was observed (Fig. 7 and 8). So, the peak chromatogram of butamirate was
free from interferences of excipients and other impurities (if any) present in the sample. In addition to it the
peak chromatogram of butamirate citrate was specific during simulatneous analysis of it with aspirin and
clopidogrel (Fig. 9 and 10). 

Fig. 1: A chromatogram of diluent solution (1:1 v/v methanol: water). 
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Fig. 2: A typical chromatogram of butamirate citrate (standard).

Fig. 3: Peak chromatogram of butamirate citrate after 1M HCl induced degradation. [The number 01 indicates
the peak chromatogram of butamirate]

Fig. 4: Peak chromatogram of butamirate citrate after 0.1 N NaOH induced degradation. [The number 01
indicates the peak chromatogram of butamirate]

Fig. 5: Peak chromatogram of butamirate citrate after 6.0% H2O2 induced degradation. [The number 01
indicates the peak chromatogram of butamirate]
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Fig. 6: Peak chromatogram of butamirate citrate after water induced forced degradation. [The number 01
indicates the peak chromatogram of butamirate].

Fig. 7: A chromatogram of butamirate citrate (BC) tablet.

Fig. 8: A chromatogram of butamirate citrate syrup. 
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Fig. 9: Peak chromatogram of the determination of butamirate citrate from a mixture of Aspirin and
clopidogrel.

Fig. 10: Peak chromatogram of Aspirin and clopidogrel.

Precision:

The results of intra-assay and inter-assay precision are presented in Table 1, where the intra-assay and
inter-assay precision are documented by standard deviation (SD) and relative standard deviation (RSD in %)
of each nominal concentration. The RSD values are within the acceptable ranges (<2.0 %) (Sethi., 2001).  

Table 1: Intra-assay and inter-assay precision in the determination of butamirate citrate.
Nominal concentration (µg.mL-1) Intra-assay (Repeatability) Inter-assay (Reproducibility)

---------------------------------------------- -------------------------------------------------------
SD RSD (%) SD RSD (%)

28 0.30 1.09 0.22 0.78
102 0.78 0.77 0.68 0.67
200 0.39 0.20 0.94 0.47
295 0.93 0.32 1.22 0.42
320 1.58 0.50 1.32 0.42
600 0.49 0.08 1.70 0.28
1040 1.53 0.15 2.24 0.22
2020 7.77 0.38 8.31 0.41

Accuracy:

The values of absolute error and the relative error (in %) from the nominal concentrations are represented
as the intra-assay (Table 2) and inter-assay (Table 3) accuracy. The results were accurate as the relative error
is less than 1.0% and the average recovery was found in the specified range (Tables 4 and 5).
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Table 2: Accuracy statistics in the quantitative (intra-assay) determination of butamirate citrate.
Intra-assay accuracy

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nominal concentration (µg.mL-1) Calculated concentration (µg.mL-1) Absolute error (µg.mL-1) Relative error (%)
28 27.83 -0.17 -0.60
102 101.64 -0.36 -0.35
200 198.76 -1.24 -0.62
295 293.73 -1.27 -0.43
320 318.53 -1.47 -0.46
600 602.72 2.72 0.45
1040 1042.55 2.55 0.24
2020 2026.08 -6.08 0.30

Table 3: Accuracy statistics in the quantitative (inter-assay) determination of butamirate citrate.
Inter-assay accuracy

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nominal concentration (µg.mL-1) Calculated concentration (µg.mL-1) Absolute error (µg.mL-1) Relative error (%)
28 27.84 -0.16 -0.57
102 101.52 -0.48 -0.47
200 198.74 -1.26 -0.63
295 294.46 -0.54 -0.18
320 318.61 -1.39 -0.43
600 603.51 3.51 0.58
1040 1043.79 3.79 0.36
2020 2020.14 0.14 0.01

Table 4: Recovery Studies of the developed HPLC method in tablet formulation.
Added concentration (µg.mL-1) Found concentration (µg.mL-1) Mean ± %RSD (n=3) % recovery Mean recovery %
40 39.70±6.31 99.24±6.31
52 52.77±3.80 101.48±3.80
230 226.77±1.66 98.59±1.66 100.25±1.48
250 255.20±0.64 102.08±0.64
400 399.49±1.46 99.87±1.46

Table 5: Recovery Studies of the developed HPLC method in syrup formulation.
Added concentration (µg.mL-1) Found concentration (µg.mL-1) Mean ± %RSD (n=3) % recovery Mean recovery %100
100 101.28±1.15 101.28±1.15 210
210 209.12±1.47 99.58±1.47 100.43±0.85300
300 301.36±0.65 100.45±0.65

Recovery Studies:

The sample solutions of tablet and syrup formulations were analyzed and the results of recovery studies
are represented respectively in Tables 4 and 5. It is observed that the mean recovery was 100.25% for tablet
and 100.43% for syrup formulations. The mean recoveries were satisfactory as these were present in the range
of 99% to 101% (Sethi., 2001).

Ruggedness:

The specificity and accuracy of standard solutions of three different concentrations and potency of two
commercial brands were determined using another HPLC. Satisfactory results were obtained from it. So, the
method is rugged enough. The obtained results are represented in Table 6.  

Table 6: Ruggedness of the method using different HPLC system and column.
Standard Solution Commercial Product analysis
---------------------------------------------------------------------------- ------------------------------------------------------------------------------------------
Concentration given (µg.mL-1) % of concentrationa found Commercial brands Code Potencya found mg (claim: 50 mg per tablet)
500 503.77±1.93 T1 50.22±1.67
1000 1008.91±0.76 T2 48.98±0.97
2000 2000.00±1.13
aValues are represented as mean ± SD (Standard Deviation)
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Robustnesss:

Some deliberative variations in chromatographic condition were carried out (flow rate, column temperature,
pH and mobile phase organic ratio) and a fixed concentration of butamirate citrate was analyzed. There was
no significant variation in among these varied conditions (tables 7 and 8). So, it may be concluded that the
developed method is a robust enough. 

Table 7: Robustness of the developed method (effect of change of pH and the ratio of buffer and acetonitrile of mobile phase).
pH Amount found (mean±%RSD) % of claim Acetonitrile:Buffer Amount found % of claim (400µg.mL-1)

(400µg.mL-1) (as mobile phase) (mean±%RSD)
5.9 400.75±1.69 100.19 50:50 400.31±0.71 100.08
4.9 400.72±1.51 100.18 60:40 399.15±0.33 99.79
5.4 400.31±0.71 100.08 40:60 400.20±3.84 100.05

Table  8: Robustness of the developed method (effect of change of flow rate and column temperature).
Flow rate Amount found % of claim Temparature Amount found % of claim (500µg.mL-1)

(mean±%RSD) (500µg.mL-1) (mean±%RSD)
1.9 ml.min-1 498.20±0.51 99.50 20<C 494.47±0.80 98.89
2.0 ml.min-1 498.08±0.68 99.56 25<C 498.08±0.68 99.62
2.1 ml.min-1 497.80±0.42 99.75 30<C 500.99±0.23 100.20
---- ---- --- 35<C 499.69±0.46 99.94

Table 9: Summary of validation parameters of the developed HPLC method for butamirate citrate.
Validated parameters Results
Linearity range 28 µgmL-1 to 2020 µgmL-1 (r2>0.9999)
Limit of detection (LOD) 23.5 µgmL-1 (4.70 x 10-5 M)
Limit of quantification (LOQ) 28 µgmL-1 (5.60 x 10-5M) with RSD 0.78 %
Intra-assay precision RSD <2.0 % 
Inter-assay precision RSD< 1.0% 
Mean recovery 100.25 % for tablet and 100.43% for syrup formulations
Accuracy Accurate
Specificity Specific
Ruggedness Agreeable
Robustness Robust
Stability Stable

Solution Stability and Mobile Phase Stability:

The %RSD of the assay of butamirate citrate during the stability testing experiments was within 1%. The
the experimental data of these experiments conforms that the sample solutions and mobile phase used during
assay are stable up to 48 hr of the study period. 

Application of the Developed Method for the Assay of Different Commercial Brands of Butamirate Citrate
Tablet:

The developed method was applied successfully for the analysis of three commercial brands of tablet and
two brands of syrup of butamirate citrate and the assay results of these products are represented in Table 10.
The potency of these brands was within the range of 90% to 110% of the claimed value. The accuracy and
precision (% RSD) were within the acceptable ranges. 

The assay results of the few brands obtained from the developed method were also compared with an
established HPLC method (3) and the results are presented in Table 11. The developed HPLC method showed
more accurate and precise results.

Table 10: Assay results of commercial products using the developed HPLC method.
Code: Claim Calculated result (mg) [Mean±SD] (n=6) % of claim RSD (%)
T-1 50 mg/Tab 49.91±0.25 99.82 0.51
T-2 50 mg/Tab 51.16±0.90 102.32 1.76
T-3 50 mg/Tab 49.26±0.57 98.52 1.16
S-1 15 mg/10 ml 14.82±0.004 98.80 0.02
S-2 15 mg/10 ml 14.36±0.86 95.73 0.86
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Table 11: Comparative results of a few brands of tablet using the proposed HPLC method and commonly used HPLC method.
Product code Potency (mg/tab) ± %RSD using commonly used Potency (mg/tab) ± %RSD using the proposed HPLC 

HPLC method  (n=6) method (n=6)
T-3 52.45±4.04 49.26±0.57
S-2 14.42±1.21 14.36±0.86

Conclusion:

The developed and validated HPLC method for butamirate citrate was selective, specific, accurate, precise,
rugged, robust and suitable for routine analysis of the substance from bulk drugs and pharmaceutical
preparations. For the sake of accurate quantification and to ensure the quality of the products, the method
proved to be extremely suitable. The method can prove useful in routine analysis of butamirate citrate in
quality control laboratories of pharmaceutical industries. 
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