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Abstract 

Background: A simple, rapid, sensitive and selective stability-indicating (RP-HPLC) method is suggested for the 
determination of Mupirocin calcium in bulk drug and in pharmaceutical formulation. Mupirocin calcium was eluted 
from a PrincetoneSPHER-100 C8 (250 × 4.6 mm, 5 µm) column with mobile phase consisting of methanol and water 
(75:25 v/v) pH adjusted to 4 with acetic acid. The gradient was optimized with a flow rate of 1 mL/min and a wave-
length of 221 nm.

Result: The complete analytical method validation was successfully carried out as per ICH guidelines. The retrieval 
study was carried out at 80% to 120% level of working concentration, and results were in the range of 99 to 101%. 
The linearity was proven in range of 4–24 µg/mL of working concentration with linear regression curve (R2 = 0.999) 
with limits of detection (LOD) and quantitation (LOQ) being 0.35 and 1.08 µg/mL, respectively. The retention time for 
Mupirocin calcium was 5.09 min. The method shows good recoveries and intra-day and inter-day relative standard 
deviations were less than 2%. Validation parameters as ruggedness and robustness were also determined as per ICH 
guidelines and were found to be satisfactory. For stability study, the drug was exposed to various stress conditions 
such as acid, base, oxidation and sunlight as per recommendations of ICH guidelines.

Conclusion: The developed HPLC method could be successfully used for the estimation of Mupirocin calcium in bulk 
and in Pharmaceutical formulation. The high recovery and low relative standard deviation confirm the suitability of 
proposed method that can be employed for the routine analysis in bulk and Pharmaceutical formulation.
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Background
Mupirocin calcium [MUP] (Fig.  1) is chemically (αE, 
2S, 3R, 4R, 5S) -5- [(2S, 3S, 4R, 5S) -5-[(2S, 3S, 4S, 5S)- 
2,3-Epoxy-5-methylhexyl] tetra hydro 3,4-dihydro-
β-methyl-2H-pyran-2-crotonic acid, ester with 
9-hydroxynonanoic acid, calcium salt (2:1), dehydrate 
[1]. The drug acts by inhibiting bacterial isoleucyl-tRNA 

synthetase [2, 3] thereby blocking protein synthesis and 
indirectly inhibiting RNA synthesis. It has in vitro activ-
ity against a range of gram-positive and some gram-
negative bacteria [4]. Mupirocin has excellent activity 
against staphylococci and gram-negative organism such 
as Haemophilus influenza, Neisseria gonorrhoeae and 
Moraxella catarrhalis [5]. Drug is available in market in 
the form of ointment and cream. HPLC method for the 
measurement of Mupirocin concentrations in both skin 
layers and percutaneous samples has been reported [6]. 
A simple UV-Spectroscopic method for estimation of 
Mupirocin calcium from ointment formulation has been 
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reported [7]. HPTLC method for estimation of Mupi-
rocin from ointment formulation has been reported [8]. 
Analysis of pharmaceutical parameters is an impera-
tive and chief aspect of the complete drug development 
process. Therefore, simple and rapid methods for quality 
control of commercial formulations are needed.

Forced degradation experiments are used to relieve the 
development of analytical methodology, to achieve bet-
ter insightful of the stability of the active pharmaceutical 
ingredient (API) and the drug product, and to provide 
information about degradation pathways and degrada-
tion products [9]. However, no literature is available for 
which deals with the stress degradation profile of Mupi-
rocin calcium in accordance with ICH guidelines using 
any of the above analytical techniques. The table below 
depicts existing literature disadvantages and reported 
method advantages:

No research data have been found for estimation of 
MUP by HPLC in dosage form. The objective of this 
work was to develop a stability-indicating reversed-phase 
high-performance liquid chromatography (RP-HPLC) 
for analysis of MUP in pharmaceutical formulation. This 
paper describes an accurate, specific, repeatable, and 
stability-indicating method for analysis of Mupirocin 
calcium in the presence of its degradation products. The 
method was validated in accordance with the guidelines 
of International Conference on Harmonization (ICH) 
[10].

Necessity and importance of stability‑indicating method
The goal of the stabilization studies is to track potential 
improvements to a substance or material over time and 
under various storage conditions. The factors and param-
eters that affect the stability are production timeframe, 
batch factors along with process parameters, excipients 
efficiency, and environmental conditions like tempera-
ture and humidity [11, 12].

The access to appropriate deteriorated samples for 
method production assistance is a major challenge when 
designing a stability indicator method (SIM). Such dete-
riorated samples in a perfect environment must be real-
time stability samples containing all applicable degradant 
as well as those degradant develop during ordinary stor-
age conditions. For this cause, pharmacists must use 
forced degradation samples to create SIMs. Many experi-
ments have explored the potential of forced deterioration 
studies to predict real-time degradation [13].

The precision of the stability methods showing poten-
tial impurities of the drug material and of drug com-
ponents is demonstrated by forced degradation (FD). 
Stress experiments help to generate impurities in a much 
shorter period. The formulations scientist will then gen-
erate consistent formulations in less time. FD studies now 
include the completion of the file and the comprehension 
of the drug production mechanism for global controlled 
markets [14].

GMP includes a structured written monitoring pro-
gram for stability, the results of which can be used to 
specify the storage requirements, the expiry dates and the 
use of accurate, meaningful and precise test procedures. 
If there is an effort to document drug product stability, 
the use of such approaches is acceptable. These data are 
being used to assess, conform or expand retest cycles or 
expiration date for the drug substance [15].

The rationale for the stability studies research is to 
provide data as to how the consistency of the substance 
varies over the time under the control of a multiplicity of 
ecological variables, such as humidity, temperature and 
light, allows the proposed storage conditions, re-analysis 
periods and shelf life [16, 17].

Methods
Reagents and chemicals
Mupirocin calcium was supplied as a gift sample by 
Glenmark Pharmaceuticals Ltd., Mumbai, India. All the 

Fig. 1 Chemical structure of Mupirocin calcium
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chemicals used of HPLC grade (MERCK Chem. Ltd., 
Mumbai) and double distilled R.O. water were used for 
mobile phase preparation. Solvents and solutions were 
filtered through a membrane filter (0.45 μm pore size) 
and degassed by sonication before use.

Instrumentation
The chromatographic analysis was performed on Shi-
madzu HPLC system equipped with PDA detector. The 
output signals were monitored and processed using LC 
Solution software. The analytical column was Princetone-
SPHER-100 C8 (4.6 mm × 250 mm, 5 µ) and the samples 
were introduced through a Rheodyne injection valve with 
20 μL sample loop.

Wavelength detection
MUP was accurately weighed 10 mg and transferred in 
100 mL volumetric flask, and methanol was added up to 
the mark. From that solution, 1.2 mL was pipetted out 
and diluted with methanol in 10 mL volumetric flask. 
The scanning was done between 200 and 400 nm by UV 
spectroscopy.

Chromatographic conditions
In order to get sharp peak, various proportions for mobile 
phase consisting of methanol and water were tried, to get 
adequate resolution of MUP. Initially, methanol: water 
(80: 20% v/v) was attempted; it gave Rt at 7.36 min with 
tailing. Further modification was done by taking metha-
nol: water (70:30 % v/v) and pH adjusted to 4 with acetic 
acid which resolve it gave Rt at 4.61 min with tailing. In 
order to have well resolved a sharp peak, finally selected 
mobile phase was methanol and water (pH adjusted to 4 
with acetic acid) in the ratio 75:25 v/v. Injection volume 

was 20 μL, flow rate was 1.0 mL/min and the eluent was 
detected at 221 nm at column temperature 30 °C. These 
conditions showed sharp peak of MUP with retention 
time of 5.09 min (Fig. 2).

Preparation of stock standard solution and sample
Standard stock solution was prepared by dissolving 10 
mg of MUP in 100 mL methanol that gives concentra-
tion of 100 μg/mL. This solution was diluted with mobile 
phase as needed to prepare different standard solutions.

Analytical method validation
Determination of linearity
From the stock solution, aliquots of 0.4, 0.8, 1.2, 1.6, 2.0 
and 2.4 mL were taken in 10 mL volumetric flasks and 
diluted up to the mark with mobile phase to get the final 
concentration in range of 4–24 μg/mL. Calibration curve 
was constructed by plotting the peak area vs. the drug 
concentration (Fig. 3).

Precision
Precision can be performed at two different levels: 
repeatability and intermediate precision. Repeatability 
refers to the use of the analytical procedure within the 
laboratory over the shorter period of the time that was 
evaluated by assaying the samples during the same day. 
Repeatability was carried out using six replicates of the 
sample injection. Intra-day precision was determined by 
analyzing, the three different concentrations 8, 12 and 16 
μg/mL of MUP, for three times in the same day. Day to 
day variability was assessed using above mentioned three 
concentrations analyzed on three consecutive days for 
inter-day precision.

Fig. 2 Sharp peak of Mupirocin calcium in mobile phase methanol: water (75: 25) pH adjusted to 4 with acetic acid at 221 nm with  RT 5.09 min
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Accuracy
Accuracy was done by recovery study using standard 
addition method at 80%, 100% and 120% level; known 
amount of standard MUP was added to the sample and 
subjected to the proposed HPLC method. The accuracy 
studies were carried out three times, and the % recovery 
and % RSD were calculated.

Precision and accuracy study were performed as per 
the ICH guidelines. For precision study, three different 
concentrations 8, 12 and 16 μg/mL of MUP were taken. 
While for accuracy, the standard addition method at 80%, 
100% and 120% level is used.

Limit of detection (LOD) and limit of quantitation (LOQ)
Sensitivity of the proposed method was estimated in 
terms of LOD and LOQ. LOD is the lowest concentra-
tion in a sample that can be detected, but not necessar-
ily quantified; under the stated experimental conditions. 
LOQ is the lowest concentration of analyte in a sample 
that can be determined with acceptable precision. In 
order to determine LOD and LOQ, Mupirocin calcium 
concentrations in the lower part of the linear range of 
the calibration curve were used. For this, very dilutions 
viz. 4.5, 5, 5.5, 6, 6.5, 7µg/mL were prepared for analysis. 
Limit of quantitation (LOQ) were calculated by the use 
of equation, LOQ = SD/S × 10, where SD is the residual 
standard deviation of the peak areas of the drugs (n = 6) 
and ‘S’ is the slope of the line. Sensitivity was performed 
between 4–8 µg/mL, (slope- 30,420, S/N ratio = 10/1)

Analysis of marketed formulation
Commercially available formulation of MUP (Bactroban 
cream) (GlaxoSmithKline ltd.) was selected for esti-
mation of total drug content by proposed method. An 
amount of formulation equivalent to 0.2 g of Mupirocin 

calcium was weighed accurately and transfer to 100 mL 
volumetric flask. Add 50 mL mobile phase and sonicated 
for 10 min. Volume was adjusted to 100 mL with the 
mobile phase. The resulting solution was filtered using 
0.45 μm filter and further diluted for analysis to get a 
concentration of 12  µg/mL. The formulation consists of 
oil and water soluble base, so it is highly soluble in meth-
anol and water solvent.

Robustness
Robustness of the method was studied by making small 
deliberate changes in few parameters. The flow rate and 
temperature were varied by ± 0.2 mL/min and ± 1  °C, 
respectively. The flow rate (1 ± 0.2 mL i.e. 0.8, 1.2) and 
temperature (30 ± 1  °C i.e. 29, 31) were varied. Robust-
ness was assessed at concentration of 12 µg/mL.

Ruggedness
From stock solution, sample solution of MUP (12µg/
mL) was prepared and analyzed by two different analysts 
using similar operational and environmental conditions. 
Peak area was measured for same concentration solu-
tions, six times.

System suitability test
System suitability testing is essential for the assurance of 
the quality performance of chromatographic system. Ear-
lier prepared solutions for chromatographic conditions 
were tested for system suitability testing.

Forced degradation studies
Acid- and base-induced degradation was attempted by 
separately adding 10 mg of drug in 50 mL each of metha-
nolic 0.1  N HCl and methanolic 0.1  N NaOH solutions 
separately. These solutions were kept for 6h at room 
temperature in the dark in order to exclude the possi-
ble degradative effect of light. The solutions (1 mL) were 
neutralized and diluted to 10 mL with methanol. The 20 
µL (20  µg/mL) of the resulting solutions was injected 
and analyzed. Since no degradation has observed at 
room temperature, further the temperature is increased. 
Acid- and base-induced degradation was attempted by 
separately adding 10 mg of MUP in 50 mL each of meth-
anolic 0.1  N HCl and methanolic 0.1  N NaOH solution 
separately.

The resulting solutions were refluxed at 60  °C for 6 h. 
1 mL sample was withdrawn at different intervals for 6 h 
which was neutralized and diluted to 10 mL with metha-
nol. The 20 µL of the resulting solutions (20 µg/mL) was 
injected and analyzed.

For oxidative degradation, 10 mg of MUP was added to 
50 mL of methanolic 5% (v/v) hydrogen peroxide solu-
tion and was kept in the dark for 6h. The solution (1 

Fig. 3 Calibration curve of Mupirocin calcium. 
Y = 30420x + 66435Slope = 30420, Intercept = 66435, Correlation 
Coefficient = 0.9998
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mL) was diluted to 10 mL with methanol and treated as 
described for acid- and base-induced degradation. No 
degradation has occurred. Further, the oxidative degrada-
tion has extended by taking 10 mg of Mupirocin calcium, 
added in 50 mL of methanolic 10% (v/v) hydrogen per-
oxide solution, and resulting solution was kept for 24 h. 
The solution (1 mL) was withdrawn and diluted to 10 mL 
with methanol. The 20 µL of resulting solutions (20 µg/
mL) was injected and analyzed.

For photodegradation, drug was kept under sunlight 
for 12 h, and then, 10 mg of Mupirocin calcium added in 
50 mL of methanol. The solution (1 mL) was withdrawn 
and diluted to 10 mL with methanol. The 20 µL of result-
ing solution (20 µg/mL) was injected and analyzed.

Results
To develop an accurate, precise and specific stability-
indicating RP-HPLC method for estimation of MUP 
using stressed samples, various mobile phases with dif-
ferent composition and flow rate were tried. After sev-
eral compositions and permutations, chromatographic 
conditions were optimized and established. Satisfactory 
estimation of MUP with good peak symmetry and steady 
baseline was obtained with the mobile phase methanol: 
water (pH adjusted to 4 using acetic acid) in the ratio 
75:25 v/v at a flow rate of 1.0 mL/min. Drug showed sin-
gle sharp peak at retention time (RT) of 5.09 min with 
clear baseline at 221 nm. The detailed validation param-
eters are summarized in Table 1.

Linearity
The standard curve for Mupirocin calcium was linear 
over the investigated concentration range 4–24  µg/mL 
with a percent relative standard deviation (% RSD) of 
not more than 2 based on five successive readings. The 

linearity equation was obtained with a slope of 30420, 
intercept of 66435 and a correlation coefficient (r2) of 
0.9998.

Precision
The precision of an analytical method is the degree of 
agreement among individual test results obtained when 
the method is applied to multiple sampling of a homog-
enous sample. Precision studies of proposed method 
were determined by repeatability and intermediate pre-
cision (intra-day and inter-day precision). Repeatabil-
ity was measured by multiple injections of 12 µg/mL of 
MUP that indicates the performance of the HPLC instru-
ment under chromatographic conditions. The % RSD 
was found to be within the limit indicating the proposed 
method is more precise as listed in Table 2.

Recovery
The mean recovery data of MUP in sample were 99.61%, 
while % RSD was 0.33, that satisfying the acceptance cri-
teria for the study. It proved that there is no interference 
of excipients used in formulation as seen by results tabu-
lated in Table 3.

Limit of detection (LOD) and limit of quantitation (LOQ)
The LOD with signal-to-noise (S/N) ratio of 3:1 and the 
LOQ with S/N ratio of 10:1 were calculated for MUP 
using the equations LOD = 3.3 × N/B and LOQ = 10 × 
N/B where ‘N’ is the standard deviation of the peak areas 

Table 1 Summary of validation data

Linear range [µg/mL] [n = 5] 4–24 µg/mL

Correlation coefficient 0.9998

Limit of detection [µg/mL] 0.35

Limit of quantification [µg/mL] 1.08

% Recovery [n = 3] 99.41–99.80

Precision [%RSD]

Repeatability [n = 6] 0.27

Intra-day [n = 3] 0.28–0.61

Inter-day [n = 3] 0.04–0.25

Ruggedness [% RSD]

Analyst – I [n = 6] 0.54

Analyst – II [n = 6] 0.51

Robustness Robust

Table 2 Intra-day and inter-day precision

*n = 6
# n = 3

Precision Amount [µg/
mL]

%Amount found 
[mean ± SD]

RSD [%]

Repeatability* 12 98.65 ± 0.27 0.27

Intra-day# 8 98.89 ± 0.28 0.28

12 98.81 ± 0.45 0.46

16 99.44 ± 0.61 0.61

Inter-day 8 98.70 ± 0.04 0.04

12 98.75 ± 0.46 0.46

16 98.97 ± 0.24 0.25

Table 3 Results from recovery studies [n = 3]

Initial 
amount 
(µg/mL)

Amount 
added (µg/
mL)

Amount found 
(µg/mL) Mean ± 
S.D. (n = 3)

% Recovery % RSD

12 9.6 21.54 ± 0.03 99.41 0.41

12 12 23.95 ± 0.05 99.62 0.43

12 14.4 26.37 ± 0.08 99.80 0.15
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of the drug (n = 3), taken as measure of the noise, and 
‘B’ is the slope of corresponding calibration plot. The sig-
nal-to-noise ratio was determined. LOD and LOQ were 
found to be 0.35 and 1.08 µg/mL, respectively.

Assay
By taking the mean of six determinations, the amount 
found for MUP was 99.26%. From the data obtained, 
%RSD of drug was found to be within the limits. Thus, 
it can be concluded that there is no interference of the 
excipients as depicted in Table 4.

Robustness
In robustness studies, small and deliberate changes in 
flow rate and temperature were made. With respect 
to this, change in retention time and tailing factor was 
observed. The flow rate and temperature were varied by 
±  0.2 mL/min (i.e., 0.8 & 1.2 mL/min) and ± 1  °C (i.e., 
29 & 31  °C), respectively. Robustness was assessed at 
concentration of 12  µg/mL. The standard deviation of 
response was calculated for each parameter and % RSD 
was found to be less than 2% indicating that the method 
is robust as shown in Table 5.

Ruggedness
Ruggedness of the method was studied by two different 
analysts. Method proved to be rugged as it showed low 
values of % RSD.

System suitability test
The number of theoretical plates and other system suit-
ability parameters were calculated. They were found to be 
within limits as listed in Table 6.

Degradation studies
The chromatograms obtained from samples exposed to 
acidic, alkaline, oxidative and photodegradation depicted 
well-separated peaks of pure MUP having Rt 5.09 min 
and some additional peaks at different values. Acidic and 
basic degradation shows 3 additional peaks for each. In 
case of oxidative degradation shows 1 additional peak. In 
case of photo degradation shows 1 additional peak. The 
% of degradation products with their Rt values is listed in 
Table 7. Results of Force degradation are shown in Figs. 4, 
5, 6, 7.

Discussion
In this work, an effective resolution of Mupirocin cal-
cium was successfully performed and developed using 
the HPLC technique. Thus, the proposed study had vari-
ous advantages over the existing one. In existing method, 
the solvent used was Acetonitrile which is expensive; the 
mobile phase composition was a mixture of acetonitrile-
ammonium acetate, while the proposed method seems to 
be economic as it consumes methanol as solvent along 
with use of water in mobile phase. The retention time was 
less 5.09 ± 0.02 min at 221nm wavelength as compared 
to existing method having is7.20 ± 0.07 min. Also, there 
is promising difference in LOD and LOQ values with 9.5 
ng/mL and 30.6 ng/mL for existing method and 0.35 μg/
mL and 1.08 μg/mL for proposed one. The peak tailing is 
1.32 against 1.5. Forced degradation study was performed 
by applying various stress conditions to the sample to 
evaluate the robustness and stability-indicating nature 
of the developed method. We detected that degradations 

Table 4 Analysis of marketed formulation

Name‑ Bactroban Cream Marketed by—GlaxoSmithKline Pvt. 
Ltd

Weight‑ 5 g Batch no. EL 150

Amount taken (µg/mL) Amount found (µg/mL) Recovery (%)

12 11.88 99.02

12 11.82 98.52

12 11.83 98.64

12 11.87 98.91

12 11.77 98.13

12 11.77 98.11

Mean ± SD 11.82 ± 0.04 98.56 ± 0.38

%RSD 0.38

Table 5 Results from robustness testing [n = 2]

Parameters Runs Area (%RSD) Retention 
time (min)

Tailing factor

Temperature 
(°C)

29 1 0.52 5.35 1.45

31 2 0.40 5.32 1.48

Flow rate (mL/
min)

0.8 1 0.47 5.05 1.52

1.2 2 0.77 5.15 1.66

Table 6 System suitability test

System suitability 
parameters

Standards Proposed method

Retention time  (Rt) (min) < 2.5–10 min 5.09

Capacity factor (K′) Should be nonzero 0.529

Theoretical plate (N) More than 2000 4964.08

Tailing factor (T) Less than 2 1.34
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Table 7 Forced degradation study

Exposure condition Exposure time Temperature Degradant peak Rt (min) % Degradation

0.1 N HCl 6 h 60 °C (Reflux) 3 5.56,6.54, 8.56 83.99

0.1 N NaOH 6 h 60 °C (Reflux) 3 5.23,5.50,7.59 79.04

H2O2 (10%) 24 h R.T. 1 5.41 24.11

Light 12 h Sunlight 1 5.42 11.20

Fig. 4 Acid degradation in which Mupirocin calcium undergoes degradation in presence of methanolic 0.1 N HCl at 60 °C

Fig. 5 Base degradation in which Mupirocin calcium undergoes degradation in presence of methanolic 0.1 N NaOH at 60 °C
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of Mupirocin calcium were more prominent in acidic 
and basic environments within the forced degradation 
experiment. Mupirocin Calcium did not degrade further 
when exposed to oxidative conditions and light. The peak 
size, theoretical plates, and tailing factor for peak were 
determined to be within the acceptable limits during the 
robustness analysis, confirming the method’s robustness. 

The comparison of existing and proposed method is tab-
ulated in Table 8 (Fig. 8).

Conclusions
The modalities adopted in experiment were successfully 
validated as per ICH guidelines; analytical procedures 
laid down in routine analysis. The proposed method 

Fig. 6 Oxidative degradation in which Mupirocin calcium undergoes degradation in presence of methanolic 10%  H2O2 at RT

Fig. 7 Photodegradation in which Mupirocin calcium undergoes degradation under sunlight for 12 h
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was validated by preliminary analysis of standard sam-
ple and by recovery studies.

A validated stability-indicating RP-HPLC method has 
been developed for the determination of Mupirocin 
calcium in bulk and in pharmaceutical dosage form. 
The proposed method is found to be simple, rapid, 
accurate and precise. The statistical evaluation of the 
proposed method was revealed its good linearity and 
its validation for different parameters and let us to the 
conclusion that it could be used for the rapid and relia-
ble determination of Mupirocin calcium in pharmaceu-
tical formulation. From the results and discussion, we 
can conclude that the method is suitable for estimation 
of Mupirocin calcium and under stress conditions the 
drug undergoes possible degradation.
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