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ABSTRACT

Fluconazole(FLK) is a synthetic triazole derivative antifungal agent that has been shown to be effective against a
wide range of systemic and superficial fungal infections. A simple, cost effective, precise, accurate, and stability-
indicating isocratic Ultra Performance Liquid Chromatographic (UPLC) method was developed and validated for
the determination of FLK in bulk drug and in its tablets. The use of UPLC, with a rapid 5-minute-reversed-phase
isocratic separation on a 1.7 um reversed-phase packing material to provide rapid “high throughput” support for
FLK, is demonstrated. The method was developed using Waters Acquity UPLC BEH C18 column (100 mmx 2.1 mm,
1.7 um) with mobile phase consisting of a mixture of water and acetonitrile (80:20 v/v). The eluted compound was
detected at 210 nm with a UV detector. The standard curve of mean peak area versus concentration showed an
excellent linearity over a concentration range 0.3—80 ug.mL_l FLK with regression coefficient (rz) value of 0.9999.
The limit of detection (S/N = 3) was 0.1 ug mL™ and the limit of quantification (S/N = 10) was 0.3 ug mL™". Forced
degradation of the bulk sample was conducted in accordance with the ICH guidelines. Acidic, basic, hydrolytic,
oxidative, thermal, and photolytic degradations were used to assess the stability indicating power of the method.
The drug was found to be stable in acidic, basic, thermal, hydrolytic, and photolytic stress conditions and showed
slight degradation in oxidative stress condition.
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1. INTRODUCTION

Fluconazole (FLK), chemically known as (2-(2, 4,-
difluorophenyl)-1, 3-bis (1H1, 2, 4,-triazol-1-yl)
propan-2-ol) [1], is a synthetic triazole derivative

performance liquid chromatography (HPLC) as alone
and as well as in combined formulations [6-19].

UV-Visbible-
21-26], high
performance thin layer chromatography (HPTLC) [27,

Spectrofluorimetry [20],
spectrophotometry [7, 8, 12,

antifungal agent that has been shown to be effective

against a wide range of systemic and superficial
fungal infections [2]. The drug is official in United
States Pharmacopeia [3], European Pharmacopoeia
[4], British Pharmacopoeia [5] which describes non
aqueous titration with perchloric acid and the end
point being located potentiometrically. The literature
survey revealed the availability of many techniques
for the assay of FLK in pharmaceuticals.

Quantification of FLK has been achieved by high-

28], thin layer chromatography [29], nuclear magnetic
resonance spectroscopy [30] are also reported for the
quantification of FLK in formulations. Few Ultra
performance liquid chromatographic methods are
also reported for the assay of FLK in mixed
pharmaceuticals [31, 32].

In recent years, there has been an increasing
tendency towards development of stability-indicating
assays [33-36]. Chemical and physical degradation of
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drugs may result in altered therapeutic efficacy and
even toxic effects. Therefore, understanding the
factors that change the stability of pharmaceuticals
and identifying ways to guarantee their stability are
important [37]. Using the approach to stress testing
enshrined in International  Conference  on
Harmonisation (ICH) guidelines [38,39]. This approach
is being extended to pharmaceuticals to enable
accurate and precise quantification of drugs in the
presence of their degradation products.

Ultra performance liquid chromatography (UPLC) is a
relatively new technique giving new possibilities in
liguid chromatography, especially concerning
decrease of analysis time and solvent consumption
[40]. UPLC system is designed in a special way to
withstand high system back-pressure. Special
analytical columns UPLC Acquity, UPLC BEH C18
packed with sub 2 um particles are used in the
system. The UPLC system allows shortening analyses
time up to nine times compared to the conventional
HPLC system, but separation efficiency remains the
same or is even improved [41-43].

As efficiency and speed of analyses are of great
importance in  many applications of liquid

chromatography, especially in pharmaceutical,
toxicological, and chemical analyses, where it is
important to increase throughput and reduce
analyses costs, UPLC could play a significant role in
the future of liquid chromatography.

Though very few of UPLC methods have earlier been
proposed for FLK [31,32], they are suffering from
many disadvantages like long runtimes, critical pH
adjustments, gradient elution, use of internal
standards and lack of stability indicating nature
[31,32].

The aim of this work was to develop a rapid, simple,
precise, accurate, and validated stability-indicating
UPLC method for the determination of FLK in bulk and
tablets. This was accomplished with a waters Acquity
UPLC system and Acquity BEH column C-18, (100 mm,
2.1 mm, and 1.7 um). The stability-indicating power
of the method was established by comparing the
chromatograms obtained under optimized conditions
before forced degradation with those after
degradation via acidic, basic, hydrolytic, oxidative,
thermal, and photolytic stress conditions.

EXPERIMENTAL

Chemicals and reagents

Pharmaceutical grade FLK was received from Dr.
Reddy’s laboratories limited, Hyderabad, India, as gift
sample. Two brands of tablets, Nuforce-150 (from
Pharma Force Lab, India) and AF-150 (from Ontop
Pharmaceuticals pvt. Ltd.,, India) used in the
investigation were purchased from commercial
sources in the local market. All the reagents and
chemicals used were of analytical reagent grade.
HPLC grade acetonitrile was purchased from Merck
India, Mumbai, India. Doubly distilled water was used
throughout the investigation.

Instrumentation and chromatographic conditions
Chromatographic analysis was carried out on a
Waters Acquity UPLC with tunable UV (TUV) detector.
Data were collected and processed using Waters
Empower software. The separation was performed
using an Waters Acquity UPLC BEH C18 column (100 X
2.1 mm, 1.7um particle size). Isocratic elution process
was adopted throughout the analysis with the mobile
phase composed of Water and acetonitrile (80:20,
v/v). The flow rate was maintained at 0.4 mL min™.
The column effluent was monitored on UV detector
set at 210nm. The column temperature was adjusted
to 30°C. The injection volume was 4 pL and the run
time was 5.0 min. The retention time of the sample
was about 1.76 min.

METHODS & GENERAL PROCEDURES

Procedure for preparation of solutions

A stock standard solution of FLK (200 pg mL") was
prepared by dissolving 20 mg of the pure drug in 100
mL mobile phase. Working solutions were prepared
by diluting the stock solution with the mobile phase.
Procedure for preparation of calibration curve
Working solutions equivalent to 0.3 — 80 pg mL™" FLK
were prepared by diluting appropriate aliquots of the
stock solution. Aliquots of 4 uL of these solutions
were injected (triplicate) and eluted with the mobile
phase under the stated chromatographic conditions.
The average peak area versus the concentration of
FLK in
corresponding regression equation was derived using

ug mL'  was plotted. Alternatively,

the mean peak area, concentration data and the
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concentration of the unknown was computed from
the regression equation.

Procedure for tablets

Twenty tablets were accurately weighed, finely
pulverized and mixed using a mortar and pestle. An
amount of tablet powder equivalent to 20 mg of FLK
was weighed and transferred into a 100 mL
volumetric flask, 50 mL of mobile phase was added
and was sonicated for 20 min in an ultrasonic bath to
complete dissolution of the FLK, the content was then
diluted to the mark with the mobile phase, mixed well
and filtered using a 0.22 um nylon membrane filter
paper. Aliquots of this solution were successively
diluted with the mobile phase and then subjected to
analysis as per the general procedure described for
the calibration curve.

Procedure for placebo blank analysis

A placebo blank of the composition: Lactose (10 mg)
talc (50 mg), starch (50 mg), acacia (50 mg), methyl
cellulose (20 mg), sodium citrate (20 mg), magnesium
stearate (20 mg) and sodium alginate (10 mg) was
made and its solution was prepared as described
under ‘Procedure for tablets’ by taking about 20 mg,
and then analyzed using the procedure described
earlier.

Procedure for the determination of FLK in synthetic
mixture

To ~ 20 mg of the placebo blank of the composition
described above, 20 mg of FLK was added and
homogenized, transferred to a 100 mL calibrated flask
and the solution was prepared as described under
“Procedure for tablets”, and then subjected to
analysis by the procedure described above. This
analysis was performed to study the interference by
excipients such as lactose, talc, starch, acacia, methyl
cellulose, sodium citrate, magnesium stearate and
sodium alginate.

Preparation of acid, base and water hydrolysis
induced-degradation of sample

For acid, alkaline and water hydrolysis degradation
studies to 1.0 mL of 200 pg mL" stock solution of FLK,
1.0 mL of 5M HCl or 5M NaOH or water were added
separately in three 10 mL calibrated flasks. The flasks
were kept on a water bath set at 80°C for 3.0 hrs,
then cooled to room temperature. Then the solutions
were neutralized with equal volume of 5M NaOH or
5M HCI. The content of each flask was made up to the

mark with mobile phase. Aliquots of 4 uL of each
degraded sample were injected (duplicate) and eluted

with the mobile phase under the reported
chromatographic conditions.
Preparation of hydrogen peroxide induced-

degradation of sample
To 1.0 mL of FLK standard solution (200 ug mL'l) 1.0
mL of 5% hydrogen peroxide was added in 10 mL
calibrated flask and kept on a water bath set at 80°C
for 3.0 hrs. The flask was cooled to room temperature
and made up to the mark with mobile phase. Injected
4 ulL of degraded sample in duplicate and eluted with
the mobile phase under the reported
chromatographic conditions.

of dry heat

photodegradation samples.

Preparation degradation and
The pure drug was stored in the oven at 105°C for 24
hrs to study dry heat degradation, and exposed to
200 watt hr. m™ UV-radiation and 1.2 million lux hr. of
visible radiation for study of photo degradation. Then,
solutions equivalent to 20 pg mL™ FLK were prepared
in the mobile phase separately from both thermal,
photolytic degradation samples and 4 pL of each
degraded sample solution was injected in duplicate
and eluted with the mobile phase under the
optimized chromatographic conditions.

RESULTS AND DISCUSSION

Method development and optimization
Different
experimented to achieve better efficiency of the

chromatographic conditions were
chromatographic system. Parameters such as mobile
phase composition, wavelength of detection, column,
column temperature, pH of mobile phase, and
diluents were optimized. Several proportions of
buffer and solvents were evaluated in-order to obtain
suitable composition of the mobile phase. Choice of
retention time, tailing, theoretical plates, and run
time were the major tasks while developing the
method. Alternative combinations of gradient and
isocratic methods were also performed to obtain a
suitable peak. Finally, isocratic method was found
suitable for the assay.

Mobile phase selection

Different experiments were carried out to optimize
the mobile phase. Several modifications in the mobile
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phase composition were performed in order to study
the possibilities of changing the selectivity of the
These
included the change of the type and ratio of the

chromatographic  system. modifications
buffer, organic modifier, buffer pH, the strength of
the buffer, and the flow rate. The details of
experiments were summarized in Table 1. Precise and
accurate results with maximum number of theoretical
plates and good peak shape were obtained when the
mobile phase consisting of water and acetonitrile

(80:20, v/v) was used.

Choice of column

Four different columns were used for performance
investigations, including Acquity BEH C8 (100 x 2.1
mm i.d, 1.7 um particle size) column, Acquity BEH
Phenyl (100 x 2.1 mm i.d, 2 um particle size) column,
Zorbax Extend C-18 (50 mm x 4.6 mm i.d, 1.8 um
particle size) column, and Waters Aqcquity UPLC BEH
C18 (100 mm x 2.1 mm i.d., 1.7 um particle size)
column. The studies revealed that the Waters
Aqcquity UPLC BEH C18 column was more suitable
since it gave better sensitivity.

Choice of wavelength
Uv-1700
spectrophotometer was used for

UV/Visible
absorbance

Shimadzu pharmaspec
measurements. A 50 ug mL™" of FLK solution in mobile
phase was scanned from 400 to 200 nm against
mobile phase as blank and wavelength of the method
was optimized as 210 nm.

Choice of other chromatographic conditions

The column oven temperature was studied at higher
(40°C) and room (ZSOC) temperatures and then found
that 30°C is the optimum. Flow rate of 0.4 mL min™
was selected with regard to the backpressure and
analyses time as well.

Stability study

The degradation study was based on the comparison
of the FLK peak area of “stressed FLK samples” with
that of the “standard FLK solution”. Diluent used for
sample preparation (Figure 1) and FLK standard
solution (Figure 2) were injected and eluted with the
mobile phase under the optimum chromatographic
system. FLK samples treated with acid, base, water,

IPBS [Volume 4] Issue 2 |[APR-JUN|[2014128-140

hydrogen peroxide, dry heat and UV-Visible radiation
were injected (duplicate) into the chromatographic
system and eluted with the mobile phase under the
optimum chromatographic conditions (Figure 3).

On  comparison of FLK stressed sample
chromatograms with that of the un-stressed it can
conclude that FLK is quite stable under acid, base,
water, dry heat and photolytic stress conditions, and

unstable under oxidative stress condition.

Analytical parameters validation

Linearity

Stock standard solution of FLK (200 pg mL™") was
appropriately diluted with the mobile phase to obtain
solutions in the concentration range 0.3 — 80 ug mL™
FLK. Four microlitre of each solution was injected in
triplicate onto the column under the operating
chromatographic conditions described above. The
least squares method was used to calculate the slope,
intercept and the regression coefficient (r’) of the
regression line. The relation between mean peak area
Y (n=3) and concentration, X expressed by the
equation Y = 18603.80604 X + 2531.61573
(r2=0.99993), was linear. Related statistical data are
presented in Table 2.

Limit of quantification (LOQ) and detection (LOD)
The limit of quantification (LOQ) was determined by
establishing the lowest concentration that can be
measured according to ICH recommendations [44],
below which the calibration graph is non linear and
was found to be 0.3 g mL™. The limit of detection
(LOD) was determined by establishing the minimum
level at which the analyte can be reliably detected
and it was found to be 0.1 pg mL ™.

Selectivity

A systematic study was performed to determine the
effect of matrix by analyzing the placebo blank (Figure
4) and synthetic mixture containing FLK (Figure 5).
Method selectivity was checked by comparing the
chromatograms obtained for placebo blank (Figure 4),
pure FLK solution (Figure 3), synthetic mixture and
tablet solution (Figure 5, 6). An examination of the
chromatograms of the above solutions revealed the
absence of peaks due to additives present in tablet
preparations. The peak area value resulting from 20
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ug mL™" FLK in synthetic mixture solution had nearly
the same as that obtained for pure FLK solutions of
identical concentration. This unequivocally
demonstrated the non-interference of the inactive
ingredients in the assay of FLK. Further, the slopes of
the calibration plots prepared from the synthetic
mixture solutions were about the same as those

prepared from pure drug solutions.

Precision and Accuracy

Method precision was evaluated from the results of
seven independent determinations of FLK at three
different concentrations, 10.0, 20.0 and 40.0 ug mL*
FLK on the same day and on five consecutive days.
The inter-day and intra-day relative standard
deviation (RSD) values for peak area and retention
time for the selected concentrations of FLK were less
than 2%. The method accuracy, expressed as relative
error (%) was determined by calculating the percent
deviation found between concentrations of FLK
injected and concentrations found from the peak
area. This study was performed by taking the same
three concentrations of FLK used for precision
estimation. The intra-day and inter-day accuracy
(expressed as %RE) was less than 2% and the values
are compiled in Table 3.

Robustness and Ruggedness

To determine the robustness of the method small
deliberate changes in the chromatographic conditions
like column temperature, flow rate, mobile phase
composition and detection wavelength were made,
and the results were compared with those of the
optimized chromatographic conditions. In each case,
the %RSD values were calculated for the obtained
peak area and retention time. The results of this study
expressed as %RSD are summarized in Table 4. At the
deliberate  varied chromatographic  conditions
(temperature, detector wavelength, flow rate, and
mobile phase composition), the analyte peak area and
retention time %RSD remained near to the actual
values. The RSD values ranged from 0.12 to 0.50%

resumes the robustness of the proposed method. To

K.Basavaiah* et al
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study the ruggedness of the method, three different
columns of same dimensions were used for the
analyses. The studies were performed on the same
day and on three different days by three different
analysts for three different concentrations of FLK
(triplicate injections). In each case the %RSD values
were calculated for the obtained peak area and
retention time. The results of this study expressed as
%RSD are summarized in Table 4. The analyte peak
area and retention time %RSD remained closer to the
values under optimized condition.

Application to tablets

The developed and validated method was applied to
the assay of FLK in commercial tablets. The results
shown in Table 5 are in good agreement with the
label claim and with those obtained with the
reference method [3]. The reference method involved
titration with standard perchloric acid in acetic acid
located
showed that the
Students’s t- and F-values at 95% confidence level did

medium, the end point being
potentiometrically. The results

not exceed the tabulated values, which confirmed
that there is a good agreement between the results
obtained by the proposed methods and the reference
method with respect to accuracy and precision. Figure
6 shows a chromatogram indicating good peak due to
FLK from the tablet. Therefore, the proposed method
can be used for the quality control of the tablets.

Recovery study

To further assess the accuracy and reliability of the
method, recovery studies via standard addition
method was performed. To the pre-analyzed tablet
powder, pure FLK was added at three levels and the
total was found by the proposed method. Each test
was triplicated. When the test was performed on two
different brands of tablets, the percent recovery of
pure FLK was in the range of 99.3 — 99.9 with
standard deviation values of 0.02 — 0.24. The results
indicated that the method is very accurate and that
common excipients found in tablet preparations did
not interfere. The results are complied in Table 6.
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Table 1:
Solvent A Solvent B Observations
Monobasic potassium phosphate (pH-2.5
. P phosp (b Methanol Broad peak with tailing
with 10% H3PO,)
Monobasic potassium phosphate (pH-2.5
. P phosp (b Acetonitrile Peak eluting very early and peak splitting
with 10% H3PO,)
10 mM ammonium acetate (pH-5.0 with Methanol Broad peak & Very less number of theoretical
ethano
dilute acetic acid) plates
10 mM ammonium acetate (pH-5.0 with L . L
. . Acetonitrile Peak eluting early and peak splitting
dilute acetic acid)
Broad peak & Very less number of theoretical
Water Methanol
plates
L Good peak shape with theoretical plates more
Water Acetonitrile
than 9000
Table 2: Sensitivity and regression parameters
Parameter Value
Linearity range, pg mL™ 0.3-80
Regression (Y* =a+ bX)
Slope (b) 18603.79
Intercept (a) 2532.59
Regression co-efficient (r’) 0.9999
Limit of detection (LOD, pg mL™) 0.1
Limit of quantification (LOQ, pg mL™) 0.3
*Y = a+bX, where Y is the area and X concentration in ug mL™
Table 3: Intra-day and inter-day accuracy and precision.
FLK Intra-day accuracy and precision Inter-day accuracy and precision
Injected,
g mL” FLK found® %RE  %RSD”  %RSD°  FLK found® %RE  %RSD”  %RSD°
5 4.92 -1.6 1.42 0.029 491 -1.8 1.34 0.044
20 20.08 0.40 0.35 0.028 20.04 0.20 0.87 0.033
80 80.14 0.18 0.42 0.045 80.09 0.11 0.11 0.044

a-Mean value of seven determinations
b-Based on peak area.

c-Based on retention time
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Table 4: Results of Robustness and Ruggedness study (FLK concentration, 20 pg mL'l, n=3)

Condition Modification Mean peak area +S D %RSD Mean Rt +SD %RSD
Optimized condition - 374896 + 481.0 0.13 1.766 + 0.001 0.03
Column Temperature 29 373755 + 777.7 0.21 1.773 + 0.001 0.03
(°C) 31 376080  + 501.3 0.13 1.753 + 0.001 0.03
Detector Wavelength 209 380690 + 615.6 0.16 1.764 + 0.001 0.03
(nm) 211 368413 + 1367.7 0.37 1.766 + 0.001 0.04
Mobile phase flow rate  0.39 371915 + 1863.7 0.50 1.853 + 0.001 0.03
(mL min™) 0.41 374731  + 11653 0.31 1.702 + 0.001 0.03
Water : ACN (78:22) 371296 + 1117.6 0.30 1.712 + 0.001 0.03
Mobile phase
composition (v/v)
Water : ACN (82:18) 375994 + 7949 0.21 1.862 + 0.001 0.03
Analyst-1 374112 + 899.1 0.24 1.782 + 0.001 0.03
Different Analyst Analyst-2 382305 + 1596.5 0.42 1.811 + 0.001 0.03
Analyst-3 376511 + 1154.7 0.31 1.756 + 0.001 0.03
Column-1 380556 + 599.2 0.16 1.712 + 0.001 0.03
Different Column Column-2 377152 + 816.9 0.22 1.766 + 0.001 0.03
Column-3 376502 + 215.7 0.06 1.782 + 0.001 0.03
Day-1 371154 + 562.0 0.15 1.853 + 0.001 0.05
Different Day Day-2 378590  + 444.4 0.12 1.782 + 0.001 0.03
Day-3 382100 + 17442 0.46 1.782 + 0.001 0.05

Table 5: Results of determination of FLK in tablets and statistical comparison with the reference

method.

Tablet brand name

Nominal amount, mg

Found* (Percent of label claim * SD)

Reference method

Proposed method

AF-150

NUFORCE-150

150

150

99.5

98.7

+ 093

+ 1.26

100.3

+

n =+ n 1]

0.47
1.73
3.89
0.99
1.18
1.62

*Mean value of five determinations
Tabulated t-value at the 95% confidence level is 2.77
Tabulated F-value at the 95% confidence level is 6.39
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Table 6: Results of recovery study by standard addition method
. Pure FLK
FLK in tablet, ug Total found, Pure FLK recovered*,
Tablet 4 added, I
mL 1 pug mL Percent + SD
ug mL
10.12 10 20.04 99.6 + 0.23
AF-150 10.12 20 30.06 99.8 + 0.25
10.12 40 49.97 99.7 + 0.02
10.05 10 19.91 99.3 + 0.15
NUFORCE-150 10.05 20 30.03 99.9 + 0.12
10.05 40 50.02 99.9 + 0.18
*Mean value of three determinations
Figure (1): Blank chromatogram
Figure (2): Fluconazole standard chromatogram (20 pg mL™)
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Figure (3a) : FLK acid degradation sample chromatogram
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Figure (3b): FLK base degradation sample chromatogram

AU

0.14
0.124
0.104
0.087
0.06+
0.04+
0.024
0.00

T T T
000 020 040 0.60

T B L e ey B Pt e N LA A e
080 1.00 120 140 160 180 200 220

L
240 260 2.80

Minutes

Figure (3c): FLK peroxide degradation sample chromatogram
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Figure (3d): FLK thermal degradation sample chromatogram

0.14+

0.124

0.104

0.087

AU

0.06+

0.04

0.024

0.00

T T T
0.00 020 040 0.60

— S L L ey B A e s e e
0.80 1.00

L RS e e
220 240 260 280

Minutes

S L e ey
120 140 160 180 200

Figure (3e): FLK water hydrolysis degradation sample chromatogram
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CONCLUSION

In this work, a stability-indicating reverse phase
isocratic UPLC method was developed and validated
for the determination of FLK in bulk drug and in
tablets. The retention time obtained for FLK (1.7 min)
enables rapid determination of the drug which is
important in routine analysis. The method exhibited
an excellent performance in terms of sensitivity,
linearity and speed. The method is stability indicating
and can be used for routine analysis of production
samples and can be used for the assay of fluconazole
either in pure drug or pharmaceutical formulations.
Degradation study of the method reveals that the
in peroxide medium. The

product is unstable

proposed method is superior over other reported

methods in terms of stability indicating nature which
is most important requirement for an assay method,
less volumes solvents were used in mobile phase,
lower flow rate and with less run time. No corrosive
solvents or ion pairing reagents were used which lead
to longer column equilibration time and reduces the
column life. No internal standards were used.
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