
ISSN: 2456-9909 (Online) 
 
 

International Journal of Research in AYUSH and 
Pharmaceutical Sciences 
 

    IJRAPS | September 2017 | Vol 1 | Issue 3  137 

    Research Article    
 

STABILITY INDICATING RP-HPLC METHOD DEVELOPMENT AND VALIDATION 
FOR THE ANALYSIS OF CEPHALEXIN AND BROMHEXINE IN PHARMACEUTICAL 
DOSAGE FORM 
A. Lakshmana Rao*, T. Prasanthi, U. Sai Spandana 

Department of Pharmaceutical Analysis, V. V. Institute of Pharmaceutical Sciences, Gudlavalleru, 
A.P., India. 

 

ARTICLE INFO 

Article history: 

Received: Oct 20 2017 

Accepted: Dec 29 2017 

Keywords: Cephalexin, 
Bromhexine, RP-HPLC, 
Validation. 

 

 

 

 

 

 

 

ABSTRACT  

A simple, precise and rapid RP-HPLC method has been developed and validated 
for the simultaneous determination of Cephalexin and Bromhexine in 
pharmaceutical dosage form. The method was carried out using Kromasil C8 
column (250 mm x 4.6 mm, 5µm) and mobile phase comprised 0.1% Ortho 
Phosphoric Acid (OPA) and acetonitrile in the ratio of 45:55 v/v and degassed 
under ultrasonication. The flow rate was 1.0 mL/min and the effluent was 
monitored at 215 nm. The retention times of Cephalexin and Bromhexine were 
2.29 min and 2.81 min respectively. The method was validated in terms of 
linearity, precision, accuracy, specificity, limit of detection and limit of 
quantitation. Linearity was in the range of 62.5 to 375 µg/mL for Cephalexin and 
1 to 6 µg/mL for Bromhexine respectively. The percentage recoveries of both the 
drugs were ranging from 98.27 to 100.02% for Cephalexin and 98.17 to 99.32% 
for Bromhexine respectively from the tablet formulation. The proposed method is 
suitable for the routine quality control analysis of simultaneous determination of 
Cephalexin and Bromhexine in bulk and pharmaceutical dosage form.  

INTRODUCTION

Cephalexin [Fig. 1] (also called Cefalexin) is 
chemically known as (6R,7R)-7-[(2R)-2-amino-2-
phenylacetamido]-3-methyl-8-oxo-5-thia-1-
azabicyclooct-2-ene-2-carboxylic acid. It is is an 
orally active semisynthetic derivative of the 
cephalosporin nucleus (7-amino cephalosporanic 
acid) with a spectrum of activity against both gram-
positive and gram-negative bacteria. Cephalexin is 
advocated for the treatment of infections of the 
upper and lower respiratory tract, genitourinary 
system, skin and soft tissue, bones and joints and 
certain other infections due to susceptible 
organisms. It can be administered in relatively high 
oral doses without gastrointestinal irritation, 
because it is not absorbed from the stomach but is 
totally and rapidly absorbed in the upper 
intestine[1,2]. 

 
Fig. 1: Structure of Cephalexin 

Bromhexine [Fig. 2] is chemically known as 2,4-
dibromo-6-{[cyclohexyl (methyl) amino] methyl} 
aniline. It acts as a mucokinetic and mucolytic 
agent. It decreases mucus viscosity by altering its 
structure. It depolymerises mucopolysaccharides 
directly as well as by liberating lysosomal enzymes 
and network of fibres in tenacious sputum is 
broken. It induces thin copious bronchial secretion. 
Bromhexine disrupts the structure of acid 
mucopolysaccharide fibres in mucoid sputum and 
produces a less viscous mucus, which is easier to 
expectorate[3]. 
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Fig. 2: Structure of Bromhexine 

Literature survey reveals that few analytical 
methods[4-12] were reported for individual 
determination of Cephalexin and Bromhexine and 
combination with other drugs, but only one RP-
HPLC method[13] was reported for simultaneous 
estimation of Cephalexin and Bromhexine in 
combined dosage forms. The objective of the 
present study was to develop and validate a simple, 
accurate and precise HPLC method for 
simultaneous determination of Cephalexin and 
Bromhexine in pharmaceutical formulations.  

MATERIALS AND METHODS 

Instrumentation: The analysis of drugs was 
carried out on a Waters HPLC system on a Kromasil 
C8 column (250 mm x 4.6 mm, 5 µm). The 
instrument is equipped with a 2695 pump with 
inbuilt degasser, a Photo Diode Array detector and 
Auto sampler integrated with Empower 2 Software. 
UV-VIS spectrophoto-meter PG Instruments T60 
with special bandwidth of 2 mm and 10 mm and 
matched quartz cells integrated with UV win 6 
Software was used for measuring absorbances of 
Cephalexin and Bromhexine solutions. Degassing of 
the mobile phase was done by using an ultrasonic 
bath sonicator. A Shimadzu balance was used for 
weighing the materials. 

Chemicals and Solvents: The reference samples of 
Cephalexin and Bromhexine were obtained from 
Spectrum Labs, Hyderabad, India. The branded 
formulations (tablets) were procured from the local 
market. HPLC grade methanol and analytical grade 
OPA was obtained from Rankem Chemicals Ltd, 
Mumbai, India. Hydrochloric acid, sodium 
hydroxide, hydrogen peroxide of analytical grade 
was obtained from Merck Chemicals Ltd, Mumbai, 
India. Milli-Q water was used throughout the 
experiment. 

Chromatographic conditions: HPLC was 
connected with Kromasil C8 column (250 mm x 4.6 
mm, 5 µm) as stationary phase. A mixture of 
0.1%OPA:acetonitrile (45:55) v/v was prepared 
and used as mobile phase. The mixture of water 
and acetonitrile in the ratio of 50:50 v/v was 
prepared and used as diluent. Injection volume was 
10 µL and flow rate was 1.0 mL/min and run time 
was 6.0 min. The column was maintained at 

ambient temperature and the eluent was 
monitored at 215 nm.  

Preparation of standard solution: Accurately 
weighed 25 mg of Cephalexin, 4 mg of Bromhexine 
and transferred to 10 mL and 100 mL volumetric 
flasks separately. 3/4th of diluent was added to both 
of these flasks and sonicated for 10 minutes. Flasks 
were made up with diluents and labeled as 
standard stock solution 1 and 2 (250 µg/mL of 
Cephalexin and 40 µg/mL of Bromhexine).This 
stock solution was diluted to get a concentration of 
62.5-375 μg/mL and 1-6 µg/mL for Cephalexin and 
Bromhexine respectively. 

Preparation of sample solution: 5 tablets were 
weighed and the average weight of each tablet was 
calculated, then the weight equivalent to 1 tablet 
was transferred into a 100 mL volumetric flask, 50 
mL of diluents was added and sonicated for 25 min, 
further the volume was made up with diluent and 
filtered by HPLC filters. 1 mL of filtered sample 
stock solution was transferred to 10 mL volumetric 
flask and made up with diluents. 

Method development: To develop a simple and 
robust method for the simultaneous determination 
of Cephalexin and Bromhexine in combined tablet 
dosage form using HPLC. The spectra of diluted 
solutions of the Cephalexin and Bromhexine in 
diluent were recorded separately on UV 
spectrophotometer. The peaks of maximum 
absorbance wavelengths were observed. The 
spectra of the both Cephalexin and Bromhexine 
were showed that a balanced wavelength was 
found to be 215 nm. Preliminary development trials 
have performed with octyl and octadecyl columns 
with different types, configurations and from 
different manufacturers. Finally the expected 
separation and shapes of peak was succeeded in 
Kromasil BDS C8 column. 

To effect ideal separation of the drug under 
isocratic conditions, mixtures of solvents like 
water, methanol and acetonitrile with or without 
different buffers in different combinations were 
tested as mobile phases on a C8 stationary phase. A 
mixture of 0.1%OPA and acetonitrile in proportion 
of ratio 45:55 v/v was proved to be the most 
suitable of all the combinations since the 
chromatographic peaks obtained were better 
defined and resolved and almost free from tailing. 
Flow rates of the mobile phase were changed from 
0.5-2.0 mL/min for optimum separation. A 
minimum flow rate as well as minimum run time 
gives the maximum saving on the usage of solvents. 
It was found from the experiments that 1.0 mL/min 
flow rate was ideal for the successful elution of the 
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analyte. No interference in blank and placebo 
solutions for both drug peaks in the trail injections 
with a runtime of 6.0 min. The above optimized 
chromatographic conditions were followed for the 
simultaneous determination of Cephalexin and 

Bromhexine in bulk samples and its combined 
tablet formulations. The chromatograms of 
standard and sample solutions of Cephalexin and 
Bromhexine were shown in Fig. 3 and Fig. 4.  

 
Fig. 3: Optimized chromatogram 

 
Fig. 4: Chromatogram of sample 

Validation of the proposed method: The proposed method was validated as per ICH [14]guidelines. The 
parameters studied for validation were specificity, linearity, precision, accuracy, robustness, system 
suitability, limit of detection, limit of quantification, and solution stability. 

Specificity: A study conducted to establish specificity of the proposed method involved injecting blank and 
placebo using the chromatographic conditions defined for the proposed method. It was found that there is 
no interference due to excipients in the tablet formulation and also found good correlation between the 
retention times of standard and sample. The chromatograms of blank and placebo for Cephalexin and 
Bromhexine were shown in Fig. 5 and Fig. 6. 

 
Fig. 5: Chromatogram of blank 
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Fig. 6: Chromatogram of placebo 

Linearity: Linearity was performed by preparing 
mixed standard solutions of Cephalexin and 
Bromhexine at different concentration levels 
including working concentration mentioned in 
experimental condition i.e., 62.5 to 375 µg/mL for 
Cephalexin and 1 to 6 µg/mL for Bromhexine 
respectively. Five microlitres of each concentration 
was injected in duplicate into the HPLC system. The 
response was read at 215 nm and the 

corresponding chromatograms were recorded. 
From these chromatograms, the mean peak areas 
were calculated and linearity plots of concentration 
over the mean peak areas were constructed 
individually. The regressions of the plots were 
computed by least square regression method. 
Linearity results were presented in Table 1 and 
linearity plots were shown in Fig. 7 & Fig. 8. 

Table 1: Linearity Results 

S. No. Cephalexin Bromhexine 
Conc. (µg/mL) Peak area Conc. (µg/mL) Peak area  

1 0 0 0 0 
2 62.5 1861944 1 61065 
3 125 3407693 2 108412 
4 187.5 4885559 3 158409 
5 250 6566384 4 213437 
6 312.5 8075519 5 262992 
7 375 9572425 6 310769 
Slope 25316 51471 
Intercept 16317 4884 
Regression Equation(y) y = 25316x + 16317 y = 51471x + 4884 
Correlation Coefficient 0.999 0.999 

 

 
 Fig. 7: Calibration curve of Cephalexin 
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Fig. 8: Calibration curve of Bromhexine 

Precision: Precision is the degree of repeatability of an analytical method under normal operational 
conditions. Precision of the method was performed as system precision, method precision and intermediate 
precision. 

System precision: To study the system precision, five replicate mixed standard solutions of Cephalexin and 
Bromhexine were injected. The percent relative standard deviation (% RSD) was calculated and it was 
found to be 0.6 and 0.5 for Cephalexin and Bromhexine respectively, which are well within the acceptable 
criteria of not more than 2.0. Results of system precision studies are shown in Table 2. 

Table 2: System precision table of Cephalexin and Bromhexine 

S. No. Area of Cephalexin Area of Bromhexine 

1.  6650241 210776 

2.  6642511 213306 

3.  6637446 212657 

4.  6737626 210780 

5.  6698803 212996 

6.  6686676 212519 

Mean  6675551 212172 

S.D  39247.8 1114.2 

%RSD  0.6 0.5 

Method precision: The method precision study was carried out on six preparations from the same tablet 
samples of for Cephalexin and Bromhexine and percent amount of both were calculated. The %RSD of the 
assay result of six preparations in method precision study was found to be 0.4 and 0.5 for Cephalexin and 
Bromhexine respectively, which are well within the acceptance criteria of not more than 2.0. The results 
obtained for assay of for Cephalexin and Bromhexine are presented in Table 3. 

Table 3: Method precision results of Cephalexin & Bromhexine 

S. No. Area of Cephalexin Area of Bromhexine  

1.  212137 6620134 

2.  210307 6696873 

3.  211672 6614558 

4.  211262 6622508 

5.  210668 6667204 

6.  212208 6625169 

Mean  211376 6641074 

S.D  776.7 33273.3 

%RSD  0.4 0.5 
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Intermediate precision: The intermediate precision study was carried out by different analysts, different 
columns, different reagents using different HPLC systems from the same tablet of for Cephalexin and 
Bromhexine and the percent amount of for Cephalexin and Bromhexine was calculated. The %RSD of the 
assay result of six preparations in intermediate precision study was 0.8 and 0.5 for Cephalexin and 
Bromhexine respectively, which are well within the acceptance criteria of not more than 2.0. The results of 
intermediate precision study are reported in Table 4. 

Table 4: Intermediate precision results for Cephalexin and Bromhexine 

S. No  Area of Cephalexin  Area of Bromhexine  

1.  214408 6705971 

2.  212408 6700919 

3.  216254 6712015 

4.  217078 6679323 

5.  214565 6772154 

6.  215027 6732111 

Mean  214957 6717082 

S.D  1621.0 31921.5 

%RSD  0.8 0.5 

Accuracy: The accuracy of the method was determined by standard addition method. A known amount of 
standard drug was added to the fixed amount of pre-analyzed tablet solution. Percent recovery was 
calculated by comparing the area before and after the addition of the standard drug. The standard addition 
method was performed at three concentration levels of 50%, 100% and 150%. The solutions were analyzed 
in triplicate at each level as per the proposed method. The percent recovery and %RSD at each level was 
calculated and results are presented in Table 5 & 6. Satisfactory recoveries ranging from 98.27 to 100.2% 
for Cephalexin and 98.17 to 99.6% for Bromhexine respectively were obtained by the proposed method. 
This indicates that the proposed method was accurate. 

Table 5: Accuracy table of Cephalexin 

% Level Amount Spiked (μg/mL) Amount recovered (μg/mL) % Recovery Mean % Recovery 

50% 125 123.3 98.67 99.08% 

125 124.2 99.35 

125 122.8 98.27 

100% 250 245.9 98.35 

250 249.2 99.68 

250 248.9 99.56 

150% 375 369 98.4 

375 372.7 99.37 

375 375.1 100.02 

Table 6: Accuracy table of Bromhexine 

% Level Amount Spiked (μg/mL) Amount recovered (μg/mL) % Recovery Mean %Recovery 

50% 2 1.99 99.6 99.00% 

2 1.98 98.97 

2 1.99 99.6 

100% 4 3.97 99.32 

4 3.94 98.44 
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4 3.93 98.17 

150% 6 5.93 98.89 

6 5.93 98.79 

6 5.95 99.19 

Robustness: The robustness study was performed by slight modification in flow rate of the mobile phase, 
pH of the buffer and composition of the mobile phase. It was observed that there were no marked changes 
in chromatograms, which demonstrated that the developed method was robust in nature. The results were 
represented in Table 7. 

Table 7: Robustness data for Cephalexin and Bromhexine 

S. No Condition % RSD of Cephalexin %RSD of Bromhexine 

1 Flow rate (-) 1.1mL/min 0.5 0.8 

2 Flow rate (+) 1.3mL/min 0.1 0.1 

3 Mobile phase (-) 35B:65A 0.3 0.6 

4 Mobile phase (+) 45B:55A 0.4 0.2 

5 Temperature (-) 25°C 0.5 0.5 

6 Temperature (+) 35°C 0.1 0.7 

System suitability: System suitability was studied under each validation parameters by injecting six 
replicates of the standard solution. The system suitability parameters are given in Table 8 & 9. 

Table 8: Results for system suitability of Cephalexin 

Table 9: Results for system suitability of Bromhexine 

Injection Retention time (min) Peak area Theoretical plates Tailing factor 

1 2.279 228542 2862 1.44 

2 2.279 224815 2881 1.41 

3 2.279 224815 2881 1.41 

4 2.279 225851 2874 1.42 

5 2.279 224815 2881 1.41 

6 2.279 224815 2881 1.41 

Mean - 225609 - - 

SD - 1495.5 - - 

%RSD - 0.7 - - 

Injection Retention time (min) Peak area Theoretical plates  Tailing factor  

1 2.783 7074877 3912 1.55 

2 2.783 7067768 3914 1.55 

3 2.783 7055893 3917 1.53 

4 2.783 7067768 3914 1.53 

5 2.783 7055893 3914 1.56 

6 2.783 7067768 3914 1.54 

Mean 

 

7064995 - - 

SD 

 

7568.7 - - 

%RSD 

 

0.1 - - 



IJRAPS, 2017:1(3):137-147 

 Website: http://ijraps.in  144 

Limit of detection and Limit of quantification:  For this study six replicates of the analyte at lowest 
concentration were measured and quantified. The LOD and LOQ of Cephalexin and Bromhexine are given in 
Table 10. 

Table 10: Sensitivity table of Cephalexin & Bromhexine 

Molecule LOD (µg/mL) LOQ (µg/mL) 

Cephalexin 0.03 0.10 

Bromhexine 0.01 0.03 

Stability studies: In order to demonstrate the stability of both standard and sample solutions during 
analysis, both solutions were analyzed over a period of 24 hours at room temperature. The results show 
that for both solutions, the retention time and peak area of Cephalexin and Bromhexine remained almost 
similar (%RSD less than 2.0) and no significant degradation within the indicated period, thus indicated that 
both solutions were stable for at least 24 hours, which was sufficient to complete the whole analytical 
process. Further forced degradation studies were conducted indicating the stability of proposed method. 
The results of the degradation studies are shown in the Table 13. 

Acid degradation sample: 1 mL of stocks solution Cephalexin and Bromhexine, 1mL of 2N Hydrochloric 
acid was added and refluxed for 30 mins at 600C. The resultant solution was diluted to obtain 250 µg/mL & 
4 µg/mL solution and 10 µL solutions were injected into the system and the chromatograms were recorded 
to assess the stability of sample. Typical chromatogram of acid degradation for Cephalexin and Bromhexine 
is shown in Fig. 9. 

  
Fig. 9: Acid degradation chromatogram of Cephalexin and Bromhexine 

Base degradation sample: To 1 mL of stock solution Cephalexin and Bromhexine, 1 mL of 2N sodium 
hydroxide was added and refluxed for 30 mins at 600C. There sultant solution was diluted to obtain 250 
µg/mL & 4 µg/mL solution and 10 µL were injected into the system and the chromatograms were recorded 
to assess the stability of sample. Typical chromatogram of base degradation for Cephalexin and Bromhexine 
is shown in Fig. 10. 

 
Fig. 10: Acid degradation chromatogram of Cephalexin and Bromhexine 
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Peroxide degradation sample: To 1 mL of stock solution of Cephalexin and Bromhexine, 1 mL of 20% 
hydrogen peroxide (H2O2) was added separately. The solutions were kept for 30 min at 600c. For HPLC 
study, the resultant solution was diluted to obtain 250 µg/mL & 4 µg/mL solution and 10 µL were injected 
into the system and the chromatograms were recorded to assess the stability of sample. Typical 
chromatogram of peroxide degradation for Cephalexin and Bromhexine is shown in Fig. 11. 

 
Fig. 11: Peroxide degradation chromatogram of Cephalexin and Bromhexine 

Thermal degradation sample: The standard drug solution was placed in oven at 105°C for 6hrs to study 
dry heat degradation. For HPLC study, the resultant solution was diluted to 250 µg/mL & 4 µg/mL solution 
and 10 µL were injected into the system and the chromatograms were recorded to assess the stability of the 
sample. Typical chromatogram of thermal degradation for Cephalexin and Bromhexine is shown in Fig. 12. 

 
Fig. 12: Thermal degradation chromatogram of Cephalexin and Bromhexine 

Table 11: Degradation Data of Cephalexin 

S. No. Degradation Condition % Drug Degraded Purity Angle Purity Threshold 

1 Acid 4.61 0.142 1.288 

2 Alkali 2.89 1.325 2.286 

3 Oxidation 1.86 0.134 0.280 

4 Thermal 0.55 0.114 0.282 

Table 12: Degradation Data of Bromhexine 

S. No. Degradation Condition % Drug Degraded Purity Angle Purity Threshold 

1 Acid 4.87 2.288 2.300 

2 Alkali 2.74 0.996 1.294 

3 Oxidation 1.40 0.178 0.282 

6 Neutral 0.51 0.190 0.297 
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RESULTS AND DISCUSSION 

The present study was aimed at developing a 
simple, sensitive, precise and accurate stability 
indicating RP-HPLC method for the simultaneous 
estimation of Cephalexin and Bromhexine from 
bulk samples and their tablet dosage forms. A non-
polar C8 analytical chromatographic column was 
chosen as the stationary phase for the separation 
and simultaneous determination of Cephalexin and 
Bromhexine. Mixtures of commonly used solvents 
like water, methanol and acetonitrile with or 
without buffers in different combinations were 
tested as mobile phases. The choice of the optimum 
composition is based on the chromatographic 
response factor, a good peak shape with minimum 
tailing. A mixture of 0.1% OPA and acetonitrile in 
the ratio of 45:55 v/v was proved to be the most 
suitable of all the combinations since the 
chromatographic peak obtained was well defined, 
better resolved and almost free from tailing. The 
retention times of the Cephalexin and Bromhexine 
were found to be 2.29 and 2.81 min respectively.  

The linearity was found satisfactory for both the 
drugs in the range of 62.5 to 375 μg/mL for 
Cephalexin and 1 to 6 μg/mL for Bromhexine 
respectively. The regression equation of the 
linearity curve between concentrations of 
Cephalexin and Bromhexine over its peak areas 
were found to be y=25316x+16317 and y=51471x 
+4884 respectively. Precision of the method was 
studied by repeated injection of tablet solution and 
results showed lower % RSD values. This reveals 
that the method is quite precise. The percent 
recoveries of the drug solutions were studied at 
three different concentration levels. The percent 
individual recovery and the % RSD at each level 
were within the acceptable limits. This indicates 
that the method is accurate. The absence of 
additional peaks in the chromatogram indicates 
non-interference of the commonly used excipients 
in the tablets and hence the method is specific. 

The deliberate changes in the method have not 
much affected the peak tailing, theoretical plates 
and the percent assay. This indicates that the 
present method is robust. The system suitability 
studies were carried out to check various 
parameters such as theoretical plates and tailing 
factor. The lowest values of LOD and LOQ as 
obtained by the proposed method indicate that the 
method is sensitive. The solution stability studies 
indicate that both the drugs were stable up to 24 
hours. The forced degradation studies indicate that 
both the drugs Cephalexin and Bromhexine were 
stable in stability studies. 

CONCLUSION 

A simple and reproducible RP-HPLC procedure was 
developed and validated as per ICH guidelines for 
the simultaneous estimation of Cephalexin and 
Bromhexine in marketed formulation. Quantitative 
estimation of Cephalexin and Bromhexine was 
estimated by RP-HPLC using 0.1% OPA: 
Acetonitrile (45:55) v/v as a mobile phase and 
column Kromasil C8 (4.6 x 250 mm, 5 µm)as a 
stationary phase and the peak was observed at 215 
nm which was selected as a wavelength for 
quantitative estimation. After development of the 
method it was validated for specificity, system 
suitability, accuracy, linearity, precision, 
ruggedness and robustness. Therefore it was 
concluded that the proposed method can be used 
for routine analysis of simultaneous estimation of 
Cephalexin and Bromhexine in combined dosage 
form. 
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