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ABSTRACT: A gradient reverse phase Ultra Performance Liquid
Chromatographic (RP-UPLC) method was developed and validated
for determination of Micafungin sodium and its synthetic impurities.

The successful separation of Micafungin sodium and its synthetic
impurities was achieved using Phenomenax Aeris peptide XB C18
(150%2.1 mm i.d., 1.7 p particle size) column maintained at 45 °C
temperature with mobile phase consisting 0.01 M phosphate buffer pH
2.9 and acetonitrile in a gradient programme. The mobile phase flow
rate was 0.3 ml/min and the detection wavelength was 279 nm. The
retention time in developed method is comparatively less than the
reported HPLC methods for determination of Micafungin sodium
offering less time consuming and fast analytical method. The
developed RP-UPLC method was validated according to ICH
guidelines with respect to linearity, accuracy, precision, specificity and
robustness and also the LOD and LOQ values were determined.
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INTRODUCTION: Micafungin is a semi The chemical structure of Micafungin sodium,

synthetic compound, belonging to a newer class of
antifungal agents, echinocandinslipopeptides. It is
synthesized by chemical modification of a
fermentation product from coleophoma empetri *.
Micafungin selectively inhibit 1,3-B-D-glucan,
which is required for fungal cell wall synthesis. It
has been approved for the treatment of esophageal
candidiasis and for prophylaxis of Candida and
Aspergillus infections in patients undergoing

hematopoietic stem cell transplantation 3.
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impurity A, impurity B, impurity C and impurity D
are shown in figure 1, the molecular weight of the
compound is 1292.26 gm/mol and the empirical
formula is CsgH7oNgO23S *. The drug was first
launched in Japan in December 2002 and then also
approved by US food and drug administration in
March 2005 *°.

The quality and safety of drug product can be
significantly affected by the presence of impurities
and therefore it is important to study the impurity
profile of drug substance ’. Ultra performance
liquid chromatography (UPLC) is relatively novel
techniqgue with new possibilities in liquid
chromatography, focusing on decrease of analysis
time and solvent consumption 8 UPLC systems can
withstand high system back pressure and
comprising special analytical columns with sub 2
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pm  particles. UPLC system allows shortening
analysis time up to nine times compared to
conventional HPLC system °.

Few HPLC methods have been reported in the
literature for quantification of Micafungin in
plasma %3 Shengsheng et al reported stability
indicating HPLC method for determination of
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Micafungin and related substances **. To the best
of our knowledge no UPLC method has been
reported for the estimation of Micafungin with its
related substances. The aim of this work was to
develop a rapid, simple, precise, accurate and
validated UPLC method for determination of
Micafungin and its related substances.
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FIG.1: MICAFUNGIN SODIUM (1a), IMPURITY A - MICAFUNGIN RING OPENING IMPURITY (1b), IMPURITY B -
MICAFUNGIN C-26 DESMETHYL IMPURITY (1c), IMPURITY C - MICAFUNGIN C-21 S-IMPURITY (1d), IMPURITY D -
MICAFUNGIN DESULFATE IMPURITY (1e).
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Experimental:

Chemicals and Instrumentation:

Samples of Micafungin and its four impurities were
receivedas  gift sample  from  Amneal
Pharmaceuticals. Specification levels for Impurity
A, Impurity B, Impurity C and Impurity D
was<0.5%, < 0.15%, < 0.15% and <
0.15%respectively. The UPLC systems, (Shimadzu,
Nexesa system) consist of autoinjector with PDA
detector. The analytical column, Phenomenax
Aerispeptide XB C18 (150*2.1 mm id., 1.7 p
particle size), was operated at 45 °C temperature.
The gradient Programme consists of 0.01 M
phosphate buffer, pH 2.9 was adjusted with 85 %
orthophosphoric acid solution in water and
acetonitrile (HPLC grade).

Stock and working standard solutions:

Accurately weighed quantity of Micafungin, 50 mg
was transferred into separate 50 ml volumetric flask,
dissolved and diluted up to mark with diluent
(Phosphate buffer: Acetonitrile 95:5 v/v) to prepare
1000pg/ml of stock solution. A stock solution of
impurities (Mixture of imp-A, imp-B, imp-C and
imp-D) were also prepared in the diluent.

Method Validation:

After method development, validation of the
chromatographic method for Micafungin was
performed in accordance with ICH guidelines *.

Linearity and Range:

Linearity is the ability of a method to elicit test
results that are directly proportional to analyte
concentration within a given range. Range is the
interval between the upper and lower levels of
analyte that have been demonstrated to be
determined with precision, accuracy and linearity.
Linearity of the method was checked at seven
different concentrations. Linearity solutions of 50,
100, 150, 200, 250, 300 and 350ug/ml were
prepared by transferring 0.5, 1, 1.5, 2, 2.5, 3 and 3.5
ml of stock solution to 10 ml of volumetric flask and
volume was adjusted with diluent. Linearity
solutions for impurity were prepared at 150, 100, 75,
50 and 25 % specification level for each impurity.

Specificity:
Specificity is the ability of the method to measure
the analyte response in the presence of its potential
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impurities. The specificity of the developed method
for Micafungin was carried out in the presence of its
impurities namely, imp-A, imp-B, imp-C and imp-
D.

Accuracy:

Accuracy of analytical method is the closeness of
test results to the true value. Accuracy was
determined over the range from 50 % as lowest
sample concentration to 150 % as highest sample
concentration. Triplicate preparations for each level
were prepared and injected in presence of spiked
impurities to their 100 % specification level. The
mean recovery should be within 100£2 % at each
concentration over the range of 50-150 % of
concentration. Accuracy was demonstrated at 50 %,
100 % and 150 % level with respect to
specification limit spiked with APl for each
impurity. Recovery was determined in triplicates
and reported.

Precision:

The precision of the method was evaluated by
carrying out six independent assays of Micafungin
test samples and calculating the % relative standard
deviation (RSD) of the assay. Precision with related
substances was determined by spiking the
impurities with Micafungin sodium (300ug/ml) at
100 % specification level of each impurity (six
replicates). % RSD of area of each imp-A, imp-B,
imp-C and imp-D was calculated. Intraday and
interday precision was carried out and % RSD was
determined.

Limit of Detection and Limit of Quantification:
The limit of detection and limit of quantification
were evaluated by serial dilutions of Micafungin
sodium, Impurity A, Impurity B, Impurity C and
Impurity D stock solutions in order to obtain signal
to noise ratio of 3:1 for LOD and 10:1 for LOQ.

Robustness study:

Robustness study was carrying out by changing the
minor parameters of the chromatographic
conditions. The assay was performed by change in
the flow rate, column temperature and minor
change in pH by taking three replicates and % RSD
was calculate. Resolution was determined between
the main peak and closest impurity i.e. impurity B.
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RESULT AND DISCUSSION:

Optimization of Chromatographic conditions:
The main objective of the chromatographic method
development was to separate Micafungin sodium
from the imp-A, imp-B, imp-C and imp-D. Several
trials were carried out for accurate and precise
method development and impurities were coeluted.
After using several columns and buffers, suitable
column chemistry and good peak shape were

E-ISSN: 0975-8232; P-ISSN: 2320-5148

obtained with Phenomenax Aeris peptide XB C18
(150%2.1 mm i.d., 1.7 p particle size), column
temperature was adjusted at 45 °C, with gradient
mobile phase system consisting Mobile phase A as
0.01M phosphate buffer and Mobile phase B as
Acetonitrile. The best separation of Micafungin
from the impurities was achieved with a gradient
program as follows:

TABLE 1: GRADIENT PROGRAM IN OPTIMIZED CHROMATOGRAPHIC CONDITIONS

Time (minutes) Flow rate (ml/min)

% of Mobile phase A % of Mobile phase B

0 0.3
5 0.3
10 0.3
15 0.3
20 0.3
25 0.3

80 20
80 20
60 40
20 80
80 20
80 20

Where, Mobile phase A is 0.01M phosphate buffer and Mobile phase B is Acetonitrile

The flow rate was 0.3 ml/min. The injection
volume was 5 pl. Depending on peak absorption
maxima and peak purity index, 279 nm was
selected for detection. The sample temperature was
kept at 5 °C. In optimized chromatographic
conditions, Micafungin, imp-A, imp-B, imp-C and
imp-D were separated with good resolution, typical

retention time were 15.14, 14.41, 14.92, 16.10 and
16.89 min respectively (Fig. 2). The system
suitability results are given in Table and the
developed method was found to be specific for
Micafungin and its known impurities namely imp-
A, imp-B, imp-C and imp-D.

Mirtes

§00 2000 2

FIG.2: CHROMATOGRAM OF MICAFUNGIN SODIUM (RT-15.14 Min), IMPURITY A (Rt-14.41), IMPURITY B (Rt-14.92),
IMPURITY C (RT-16.10) AND IMPURITY D (Rt-16.89) IN THE OPTIMIZED CHROMATOGRAPHIC CONDITIONS

200 400 600 800 1000 1200 1400 1600 1800 2000 220X

FIG. 3: CHROMATOGRAM OF DILUENT (BLANK) IN THE OPTIMIZED CHROMATOGRAPHIC CONDITIONS
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Linearity and Range: Linearity of the method was
evaluated at seven different concentrations, at 50,
100, 150, 200, 250, 300 and 350ug/ml. The peak
area was recorded and plotted versus standard
concentrations. Results shown that the method was
linear as straight line equation, y =24242.71x -
11003.7, was obtained, where y indicates peak area
and x indicates concentration of Micafungin over the
specified range with R? of 0.9999 (Table 2 and Fig.
4). For imp-A, imp-B, imp-C and imp-D, 0.9995,
0.9995, 0.9999 and 0.9996 R? value was obtained.

TABLE 2: LINEARITY DATA FOR MICAFUNGIN SODIUM

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Accuracy

% Recovery for Micafungin sodium at 50 %, 100
% and 150 % concentration level was found to be
100.03, 100.08 and 99.83 respectively. % Recovery
for Impurity A, Impurity B, Impurity C and
Impurity D at 50 %, 100 % and 150 % specification
level was found to be between 98-102 %, within
the acceptance criteria, so the method is accurate
for determination of Micafungin sodium and its
impurities (Table 3)

TABLE 3: ACCURACY RESULTS FOR MICAFUNGIN
SODIUM AND ITS IMPURITIES

Concentration

Mean area %RSD
(ng/ml)

50 1208143 0.179
100 2407086 0.258
150 3633700 0.187
200 4829775 0.156
250 6040062 0.059
300 7259917 0.075
350 8484064 0.092

Linearity of Micafungin sodium
£ Sooooce
- 0 50 100 150 200 250 300 350 A00
Concentration (pg/ml)

FIG. 4: CALIBRATION CURVE OF MICAFUNGIN SODIUM
(50-350 pg/ml)

Specificity

The developed analytical method was found to be
specific as the peak purity index for Micafungin
sodium was 999.11 in presence of all the spiked
impurities i.e. Impurity A, Impurity B, Impurity C
and Impurity D; and also the resolution was more
than 1.5 between each peaks.

Concentration

Name of substances vl 20 WIEEL
specification Recovery £ S.D
level

50 % 100.03+0.39
Micafungin sodium 100 % 100.08+0.17
150 % 99.83+0.17
50 % 100.19+0.95
Impurity A 100 % 99.91+0.47
150 % 99.95+0.33
50 % 100.27+1.04
Impurity B 100 % 99.63+0.78
150 % 100.13+0.37
50 % 98.95+0.51
Impurity C 100 % 98.33+£0.35
150 % 99.82+1.45
50 % 98.56+0.69
Impurity D 100 % 98.88+0.88

150 % 99.05+1.4

Precision:

The relative standard deviation was found to be
0.083, 0.575, 0.817, 0.954 and 0.809 for
Micafungin sodium, imp-A, imp-B, imp-C and
imp-D respectively in the repeatability study. %
RSD of peak area is less than 2.0 %, for all
impurities and Micafungin  sodium in the
repeatability study (Table 4). Intraday and interday
precision also exhibited % RSD less than 2 (Table
5). So the developed method is precise for its use.

TABLE 4: PRECISION (REPEATABILITY) DATA FOR MICAFUNGIN SODIUM, IMPURITY A, IMPURITY B, IMPURITY C

AND IMPURITY D.

Micafungin

Result sodium Impurity A Impurity B Impurity C Impurity D
Mean Area 7259209 19587.170 7022.667 1975.833 2378.333
% RSD 0.083 0.575 0.817 0.954 0.809
International Journal of Pharmaceutical Sciences and Research 1216
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TABLE 5: INTRADAY AND INTERDAY PRECISION FOR MICAFUNGIN SODIUM

Intraday precision

Interday precision

Conc. Area Conc. Area
(png/ml) Mean RSP (ug/ml) Mean RS
200 4835775 0.138 200 4831040 0.169
250 6040462 0.086 250 6042476 0.119
300 7259727 0.119 300 7263306 0.112

Limit of Detection and Limit Quantitative

The LOD and LOQ values for Micafungin sodium
was found to be 0.02 and 0.05 pg/ml. LOQ value
was precised by six replicate injections with %
RSD of 0.364 and checked for linear response with
respect to other linearity levels by extending
linearity curve upto LOQ level, with R® of 0.9999.
The chromatogram of Micafungin sodium at LOQ
level is shown in Fig. 5.

System suitability:

System suitability parameters were calculated at the
start of study of each validation parameter. The
values of system suitability results obtained during
the entire study are recorded. System Suitability
values are from the first injection of six replicates
of standard and are derived from Empower 3
software (Table 7).

TABLE 7: SYSTEM SUITABILITY DATA

Compound Re:ier:gon UsP UsP USP plate
(n=6) " tailing resolution count
(minutes)
Impurity A 14.411 1.13 - 106883
Impurity B 14.920 0.93 2.63 77306
Micafungin
sodium 15.143 141 1.52 146955
Impurity C 16.100 1.67 6.07 159026
Impurity D 16.895 0.89 4.34 131548

FIG5: CHROMATOGRAM OF MICAFUNGIN SODIUM AT
LOQ (0.05 pg/ml) LEVEL

Robustness study:

With  the minor  modifications in  the
chromatographic conditions i.e. Flow rate, pH of
mobile phase and temperature of column, the %
assay was not affected and % RSD was found to be
less than 2 % and the resolution between
Micafungin sodium and Impurity B was not
significantly affected (Table 6). Also with these
minor modifications, System suitability parameters
were also not affected and hence, the developed
analytical method is robust.

TABLE 6: ROBUSTNESS STUDY

Parameter Assay results for Micafungin Resolution
sodium between

% Assay+SD % RSD Micafungin

(n=3) sodium and

Impurity B
Standard 99.63+0.20 0.204 1.51
Flow rate 100.01+0.29 0.298 1.48
(ml/min) 99.65+0.78 0.783 1.50
pH of mobile 99.88+0.46 0.469 1.52
phase (% Vv/v) 99.68+0.31 0.311 1.50
Column 100.02+0.88 0.883 1.53
temperature (°C)  99.24+0.08 0.086 1.51
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CONCLUSION: A novel, reverse phase liquid
chromatographic method has been developed and
validated for the estimation of Micafungin sodium
and its impurities namely impurity A, impurity B,
impurity Candimpurity D with a very recent and
advanced UPLC method. The proposed method is
found to be simple, accurate, precise, sensitive,
specific and robust. Hence, it can be successfully
used for the routine analysis of Micafungin sodium
in pharmaceutical dosage forms and can be also
successfully utilized for estimation of Micafungin
sodium and its related substances in bulk and in
dosage form.
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