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INTRODUCTION

Salbutamol is a 1:1 mixture of R-enantiomer and S-

enantiomer. R-enantiomer has bronchodilatory and anti-

inflammatory effects and S-enantiomer is associated with

increased airway hyper reactivity and pro-inflammatory effects

[1]. The literature survey reveals that, salbutamol is reported

in USP [2]. Few HPLC methods are reported for the determination

of salbutamol [3], related substances [4-7] and enantiomeric

separation [8]. The IUPAC name of salbutamol is 4-[2-(tert-

butylamino)-1-hydroxyethyl]-2-(hydroxymethyl)phenol

(Fig. 1). Bromhexine HCl is a mucolytic agent used in the

treatment of respiratory disorders associated with viscid or

excessive mucus. In addition, bromhexine HCl has antioxidant

properties [9]. According to IUPAC it is 2,4-dibromo-6-[cyclo-

hexyl(methyl)amino]methyl]aniline hydrochloride (Fig. 2)

with a molecular weight of 412.6 and m.f. C14H20N2Br2·HCl.

A number of methods have been developed for the estimation

of bromhexine individually and also in combined forms along

with other drugs which include HPLC [10-15], spectro-

photometry [16-20], fluorimetry [21]. Oxtriphylline is a
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bronchodilator used to treat the symptoms of asthma,

bronchitis and emphysema. The IUPAC name of oxtriphylline

3,7-dihydro-1,3-dimethyl-1H-purine-2,6-dione salt of 2-

hydroxy-N,N,N-trimethylethanaminium (Fig. 3). There were

no reported methods for the estimation of oxtri-phylline either

alone or in combination with other drugs. Hence as per the

literature survey it was felt that simple, rapid, accurate, specific

and sensitive reverse phase HPLC method has to be developed

and validated for the simultaneous estimation of salbutamol,

oxtriphylline and bromhexine hydrochloride in bulk drug and

pharmaceutical dosage form.
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Fig. 3. Structure of oxtriphylline

EXPERIMENTAL

Reference standards of salbutamol, oxtriphylline and

bromhexine hydrochloride were supplied by Spectrum Pharma

Pvt. Ltd Hyderabad. The solvents used are of HPLC grade.

Acetonitrile and orthophosphoric acid were procured from

Thermo Fischer Scientific India Pvt. Ltd. Milli Q Water was

used in the buffer preparation.

Equipment: A Waters e2695 gradient system with Empower-

2 software and 2489 UV/visible detector is the most sensitive

and versatile dual wave length absorbance detector was used.

It was manufactured by the company Waters, Alliance HPLC

systems, Japan. Intelligent LC pump with sampler programmed

at 20 µL capacity per injection was used

Chromatographic conditions: The column used was

kromasil C18 Column (150 mm × 4.6 mm, 5 µm particle size)

was used for analytical separation. The mobile phase consists

of 0.1 % OPA and acetonitrile in the ratio of (65:35 % v/v).

The flow was adjusted to 1 mL/min. The instrument was operated

at an ambient temperature. The UV detection was achieved at

260 nm. The isobestic point showing in Fig 4. The injection

volume was 10 µL.
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Fig. 4. Isobestic point of salbutamol, oxtriphylline and bromhexine

hydrochloride

Preparation of analytical solutions

Preparation of 0.1 % orthophosphoric acid buffer solu-

tion: 1 mL of orthophosphoric acid was pipetted into a 1000

mL volumetric flask and about 100 mL of milli-Q water was

added and final volume was made up to 1000 mL with milli-

Q water, mixed in ultra sonicator and filtered through 0.45 µ

membrane filter.

Preparation of mobile phase: A mixture of above buffer

650 and 350 mL of acetonitrile was used as mobile phase. The

solution was degassed in ultrasonic water bath for 5 min, filtered

through 0.45 µ filter under vacuum filtration before using.

Diluent preparation: Acetonitrile and water mixed in the

ratio of 50:50 v/v was used as diluents for sample and standard

preparations.

Preparation of the standard solution: Accurately weighed

and transferred 4 mg of salbutamol and 16 mg of bromhexine

hydrochloride into a 100 mL volumetric flask (stock A), 200

mg of oxtriphylline into a 10 mL volumetric flask (stock B).

Added about 3/4th of diluent to both the flasks and sonicated

for about 15 min to dissolve the drugs completely, then made

up to the final volume with diluent. From each of the above

solutions 1 mL from the above two stock solutions was pippetted

out and transferred into a 10 mL volumetric flask and made

up to the mark with diluent in order to get solutions of concen-

tration 4, 200 and 16 ppm for salbutamol, oxtriphylline and

bromhexine hydrochloride, respectively.

Preparation of sample solution: Weighed accurately 20

tablets, powdered and transferred an amount equivalent to 4

mg of salbutamol and 16 mg of bromhexine hydrochloride

and 200 mg of oxtriphylline into a 100 mL volumetric flask.

Added about 3/4th of diluent and sonicated for about 25 min

to dissolve the drugs completely, then made up to the final

volume with diluent. From the above solution 1 mL was pippetted

out and transferred into a 10 mL volumetric flask and made

up to the mark with diluent in order to get solution of concen-

tration 4, 200 and 16 ppm for salbutamol, oxtriphylline and

bromhexine hydrochloride, respectively.

Method development and validation of HPLC: The

suggested analytical method was validated according to ICH

guidelines [22] with respect to certain parameters such as

specificity, linearity, precision, accuracy, robustness and system

suitability.

Linearity: The linearity of the method was established

by injecting six different concentration levels of salbutamol

(1 to 6 ppm), oxtriphylline (50 to 300 ppm) and bromhexine

hydrochloride (4 to 24 ppm) solutions in to the HPLC system

and peak areas were recorded (Figs. 5-7). The results were shown

in Table-1.
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Fig. 5. Showing linearity for salbutamol
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Fig. 6. Showing linearity for oxtriphylline
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Fig. 7. Showing linearity for bromhexine HCl

Specificity: The specificity was carried out to determine

whether there are any interference of any impurities (presence

of components may be unexpected to present) in retention time

of analytical peak. Forced degradation studies are carried out

by using 2 N HCl, 2 N NaOH, heat and UV light. The graph

obtained for injecting the standard solution of salbutamol,

oxtriphylline and bromhexine hydrochloride was shown in the

Fig. 8.
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Fig. 8. Standard chromatogram of salbutamol, oxtriphylline and

bromhexine hydrochloride

Precision: Precision expresses the closeness of agreement

between the series of measurements obtained from multiple

sampling of same homogeneous samples under the prescribed

conditions. Method precision was determined both in terms

of repeatability and intermediate precision/ruggedness (show

the degree of reproducibility of test results obtained by analyzing

the sample under variety of normal test conditions such as analyst

to analyst variation and instrument to instrument variation).

System precision was demonstrated by injecting six different

standard solutions containing salbutamol equivalent to 4 ppm,

oxtriphylline equivalent to 200 ppm and bromhexine HCl

equivalent to 16 ppm. The retention time, peak area values

were expressed as mean and %RSD calculated from the data

obtained, which are found to be within the specified limits

shown in Tables 3-5.

Accuracy:  Accuracy was determined in terms of percen-

tage recovery the accuracy study was performed for 50, 100

and 150 % for salbutamol, oxtriphylline, bromhexine HCl

standard and sample solutions are injected in to HPLC system

in triplicate and percentage recoveries of salbutamol, oxtriphy-

lline and bromhexine HCl were calculated. The area of each

level was used for calculation of % recovery.

Robustness: Robustness of the method was demonstrated

by deliberately changing the chromatographic conditions. The

flow rate of the mobile phase changed from 1.0 to 0.9 and 1.1

mL/min. The temperature of the column was changed from

25 to 30 and 35 °C. The solutions described for robustness

study were applied on the column in triplicate and the responses

were determined.

System suitability: System suitability tests were carried

out on freshly prepared standard stock solutions of salbutamol,

oxtriphylline and bromhexine HCl and it was calculated by

injecting standards in six replicates and the values were recorded

and are within the limits (% RSD < 2) as shown in Table-7.

RESULTS AND DISCUSSION

The present investigation reported is a new RP-HPLC

method development and validation of simultaneous estimation

of salbutamol, oxtriphylline and bromhexine HCl. The method

developed was proceeding with wavelength selection. The

optimized wavelength was 260 nm. In order to get the opti-

mized RP-HPLC method various mobile phases and columns

were used. From several trials final method is optimized with

the following conditions.

The mobile phase consists of an aqueous solution of 0.1 %

orthophosphoric acid and acetonitrile in the ratio of 65:35 %

v/v and the column used was kromasil C18 Column (150 mm

× 4.6 mm, 5 µm particle size). The flow rate was adjusted to

1.0 mL/min. The instrument was operated at an ambient tempe-

rature. The UV detection was achieved at 260 nm. The injection

volume was 10 µL.

The specificity of the method was to determine whether

there are any interference of any impurities (the presence of

components may be unexpected to present) in retention time

of analytical peak.

The linearity was determined as linearity regression of

the claimed analyte concentration of the range 1 to 6 ppm

(Salbutamol) and 50 to 300 ppm (oxtriphylline) 4 to 24 ppm

(bromhexine HCl). The calibration curve obtained by plotting

peak area versus concentration and presented in Table-1 was

linear and the correlation coefficient was found to be 0.999,

0.999 and 0.999 for salbutamol, oxtriphylline and bromhexine

hydrochloride, respectively.
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TABLE-1 
LINEARITY RESULTS FOR SALBUTAMOL, OXTRIPHYLLINE 

AND BROMHEXINE HYDROCHLORIDE 

Regression equation parameters Parameter 

Salbutamol Oxtriphylline 
Bromhexine 

HCl  

Linearity range (ppm)  1-6 50-300 4-24 

Correlation co-efficient 0.999 0.999 0.999 

Slope 47639 6258 42371 

Y-intercept 2228 12672 4345 

LOD (ppm) 0.01 0.80 0.025 

LOQ (ppm) 0.04 2.41 0.074 

 
The accuracy study was performed in 50, 100 and 150 %.

The percentage recovery was determined for salbutamol,

oxtriphylline and bromhexine hydrochloride and presented in

Table-2.

Precision of the method was ascertained from determina-

tions of peak areas of six replicates of sample solution. The %

relative standard deviation for system precision presented in

Tables 3-5 was found to be 0.7, 0.2 and 0.3 and the % relative

standard deviation for method precision was found to be 1.0,

0.5 and 0.7.

TABLE-2 
ACCURACY RESULTS 

Drugs Spiked concentration (ppm) Recovery (%) 

2 50 % 99.46 

4 100 % 99.33 Salbutamol 

6 150 % 98.46 

100 50 % 99.51 

200 100 % 99.44 Oxtriphylline 

300 150 % 100.47 

8 50 % 100.08 

16 100 % 99.36 
Bromhexine 

HCl 
24 150 % 98.46 

 
The robustness were carried out with minor but deliberate

changes in parameters i.e., mobile phase, column temperature

and flow rate as presented in Table-6. Theoretical plates and

tailing factor were observed and were found to be 2177, 2175

and 2194 (theoretical plates) and 1.1, 1.2 and 1.3 (tailing factor)

for salbutamol, oxtriphylline and bromhexine hydrochloride,

respectively. The system suitability parameters like theoretical

plates (N) and tailing factor (T) were calculated and were found

to be more than 2000 and not more than 2 and ascertained

that proposed RP-HPLC method was accurate and precise as

TABLE-3 
SYSTEM PRECISION VALUES FOR SALBUTAMOL 

S. No. Peak name Rt (min) Area USP plate count USP tailing 

1 SAL_Injection-1 2.035 199939 2118 1.15 

2 SAL_Injection-2 2.035 200590 2005 1.17 

3 SAL_Injection-3 2.036 198897 2223 1.14 

4 SAL_Injection-4 2.036 200069 2053 1.17 

5 SAL_Injection-5 2.036 197439 2034 1.11 

6 SAL_Injection-6 2.037 197750 2177 1.10 

Mean   199114   

Std. Dev.   1302.9   

RSD (%)   0.7   

 

TABLE-4 
SYSTEM PRECISION VALUES FOR OXTRIPHYLLINE 

S. No. Peak name Rt (min) Area USP plate count USP tailing 

1 OXT_Injection-1 2.900 1325424 2063 2145 

2 OXT_Injection-2 2.901 1332302 2040 2206 

3 OXT_Injection-3 2.901 1329213 2210 2175 

4 OXT_Injection-4 2.902 1328019 1.26 1.23 

5 OXT_Injection-5 2.902 1329939 1.25 1.21 

6 OXT_Injection-6 2.903 1331460 1.23 1.19 

Mean   1329393   

Std. Dev.   2478.2   

RSD (%)   0.2   

 

TABLE-5 
SYSTEM PRECISION VALUES FOR BROMHEXINE HCl 

S. No. Peak name Rt (min) Area USP plate count USP tailing 

1 BRM_Injection-1 4.927 728959 2087 1.29 

2 BRM_Injection-2 4.927 729406 2492 1.30 

3 BRM_Injection-3 4.937 729913 2338 1.31 

4 BRM_Injection-4 4.938 729210 2119 1.29 

5 BRM_Injection-5 4.940 733490 2490 1.32 

6 BRM_Injection-6 4.941 734475 2194 1.30 

Mean   730909   

Std. Dev.   2421.5   

RSD (%)   0.3   
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presented in Table-7. Forced degradation studies were perfor-

med to establish the stability indicating property and specificity

of the proposed method. Degradation studies were carried out

under conditions of acid hydrolysis, base hydrolysis, thermal,

oxidation and photolysis and the drug substances were observed

high degradation in acid (2 N HCl) comparative remaining in

all conditions. Thermal degradation conditions were performed

by heating the drug sample at 80 °C. Acid and base hydrolysis

showed 3-4 % degradation, very slight degradation observed

in oxidation, thermal, photolytic hydrolysis. The results of

forced degradation studies were given in Table-8.

Conclusion

A new stability indicating method was established for

simultaneous estimation of salbutamol, oxtriphylline and

bromhexine hydrochloride by RP-HPLC method. The analytical

method was validated according to ICH guidelines (ICH, Q2

(R1).All the validation parameters were found within limits

as per ICH guidelines. Hence the suggested RP-HPLC method

can be used for routine analysis of salbutamol, oxtriphylline

and bromhexine hydrochloride in API and pharmaceutical

tablet dosage form.

TABLE-6 
RESULTS OF ROBUSTNESS STUDY 

Average area Rt (min) 

Chromatographic conditions 
Salbutamol Oxtriphylline 

Bromhexine 
hydrochloride 

Salbutamol Oxtriphylline 
Bromhexine 

hydrochloride 

Buffer:Acetonitrile 60:40 (v/v) 182547 1244813 679921 2.075 2.968 5.962 

Buffer:Acetonitrile 65:35 (v/v) 199114 1329393 730909 2.036 2.901 4.937 

Buffer:Acetonitrile 70:30 (v/v) 186221 1224724 677025 2.008 2.830 4.217 

Flow rate (0.8 mL/min) 224455 1518913 831857 2.249 3.210 5.441 

Flow rate (1.0 mL/min) 199114 1329393 730909 2.036 2.901 4.937 

Flow rate (1.2 mL/min) 184965 1254059 688434 1.858 2.643 4.523 

Temperature (20 °C) 184053 1234710 677945 2.039 2.897 4.934 

Temperature (25 °C) 199114 1329393 730909 2.036 2.901 4.937 

Temperature (30 °C) 185747 1252496 690539 2.040 2.900 4.947 

 

TABLE-7 
SYSTEM SUITABILITY PARAMETERS 

Results 
Parameter 

Salbutamol Oxtriphylline Bromhexine hydrochloride 
Limits 

RSD of peak area  1.41  0.53 1.12 < 2.0 

RSD of retention time 0.04 0.04 0.13 < 1.0 

USP tailing factor (T) 1.1 1.2 1.3 T < 2 

USP plate count (N) 2177 2175 2194 > 2000 

USP resolution (R) – 4.3 6.5 > 2  

 

TABLE-8 
RESULTS OF FORCED DEGRADATION STUDY 

Assay of active ingredients (%) 

Stress conditions 
Salbutamol Degradation (%) Oxtriphylline Degradation (%) 

Bromhexine 
hydrochloride 

Degradation (%) 

Acid, 2 N HCl 95.86 4.14 95.64 4.36 95.83 4.17 

Base, 2 N NaOH 97.10 2.90 96.77 3.23 96.91 3.09 

H2O2 (20 %, v/v) 98.22 1.78 98.27 1.73 97.99 2.01 

Dry heat (80 °C) 98.90 1.10 98.31 1.69 99.05 0.95 

UV  99.45 0.55 99.34 0.66 99.21 0.79 

Water 99.55 0.45 99.47 0.53 99.36 0.64 
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