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Fluconazole [2-(2,4-difluorophenyl)-1,3-bis
(1H-1,2,4-triazol-1-yl)-2-propanol] is a broad-spec-
trum triazole antifungal agent that has emerged as a
suitable alternative to amphotericin B in the treat-
ment and prevention of different superficial and sys-
temic fungal infections (1, 2). It inhibits cytochrome
P450-dependent enzymes, resulting in impairment
of ergosterol synthesis in fungal cell membranes.
Fluconazole is well absorbed following oral admin-
istration, bioavailability from oral route is approxi-
mately 90%. About 80% of a dose is excreted
unchanged in the urine and about 11 % as metabo-
lites (3).

Fluconazole is widely used in clinical practice.
Its favorable pharmacokinetics facilitates the man-
agement of its dosing (4, 5). However, in some situ-
ations its pharmacokinetics is difficult to predict,
and determination of circulating fluconazole levels
is significant to guide its dosing (6ñ13). The treat-
ment of these infections requires adjustments in flu-
conazole dosages. Finally, pharmacokinetic studies
are significant in experimental treatment models
(14). Since changes in the pharmacokinetics of flu-
conazole are still unknown, it is imperative to con-

sider burn patientsí drug levels with a controlled
clinical protocol (15).

Several analytical methods including bioassay
(16), gas chromatography (17), liquid chromatogra-
phy (LC) with UV detection (18ñ22) and LC with
tandem mass spectrometry (LC-MS/MS) (23, 24)
have been described for quantification of flucona-
zole in human plasma and serum samples. Most of
the presented methods need long chromatographic
elution time for analysis of fluconazole in serum and
sample preparation is complex and time consuming.
The LC-MS/MS method is very sensitive but it is
not available for most laboratories because of their
apparatus requirement and financial reasons. High-
performance liquid chromatography (HPLC) is pre-
ferred due to its selectivity and the specificity of the
assay. In recent years, there have been wide studies
for the different methods of the determination of flu-
conazole in biological samples by HPLC-UV
(25ñ32). Reversed phase high-performance liquid
chromatography (RP-HPLC) is an efficient method
for the analysis of drugs.

This study describes a rapid and validated
HPLC method using UV detection, which enables

DETERMINATION OF FLUCONAZOLE IN HUMAN PLASMA BY REVERSE
PHASE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

ZAHRA SAFAEI1,2*, ESKANDAR ALIPOUR3, ALIREZA SHAFAATI4 and AFSHIN ZARGHI4

1Young Researchers and Elites Club, North Tehran Branch, Islamic Azad University, Tehran, Iran
2Department of Environmental Chemistry and Bioanalytics, Faculty of Chemistry, 

Nicolaus Copernicus University, ToruÒ, Poland
3Department of Chemistry, Azad University, Tehran North Branch, Tehran, Iran

4Department of Pharmaceutical Chemistry, School of Pharmacy, 
Shahid Beheshti University of Medical Sciences, Tehran, Iran

Abstract: A rapid, simple and reproducible high performance liquid chromatographic method was developed
and validated for determination of fluconazole in human plasma. The separation was performed on MZ C8 col-
umn (125 ◊ 4 mm, 5 µm) using acetonitrile ñ potassium dihydrogen phosphate buffer (15 : 85, v/v), pH 3.0, as
the mobile phase at a flow rate of 1.5 mL/min. The wavelength was set at 261 nm. The assay enables the meas-
urement of fluconazole for therapeutic drug monitoring with a minimum quantification limit of 20 ng/mL. The
method involves simple, protein precipitation procedure and analytical recovery was complete. The calibration
curve was linear over the concentration range 0.1-4 µg/mL. The coefficients of variation for inter-day and intra-
day assay were found to be less than 10%. 

Keywords: fluconazole, HPLC, UV-detector, pharmacokinetic

227

* Corresponding author: e-mail: zmsf.sh@gmail.com



228 ZAHRA SAFAEI et al.

the determination of fluconazole with good accura-
cy at low drug concentrations in plasma using sin-
gle-step extraction procedure. We also demonstrate
the applicability of this method for pharmacokinetic
studies in humans. 

MATERIALS AND METHODS

Chemicals

Fluconazole and methocarbamol (internal stan-
dard) were supplied by Pars-Daru Pharmaceuticals
(Tehran, Iran). Fluconazole is available as oral cap-
sules containing 150 mg of fluconazole and other
inactive ingredients. HPLC-grade acetonitrile and
all other chemicals were obtained from Merck
(Darmstadt, Germany). Water was obtained by dou-
ble distillation process and purified additionally
with a Milli-Q system (Millipore, Bedford, MA,
USA).

Instruments and chromatographic conditions

The chromatographic apparatus consists of a
model Wellchrom K-1001 pump, a model Rheodyne
7125 injector and a model K 2501 UV detector con-
nected to a model Eurochrom 2000 integrator, all
from Knauer (Berlin, Germany). The separation was
performed on MZ C8 (125 ◊ 4.0 mm, 5 µm) column
from Merck (Darmstadt, Germany). The wavelength
was set at 261 nm. The mobile phase consisted of
acetonitrile ñ potassium dihydrogen phosphate
buffer (15 : 85, v/v), pH 3.0, at a flow rate of 1.5
mL/min. The mobile phase was prepared daily and
degassed by ultrasonication before use. 

Standard solutions

Stock solution (5 mg/mL) of fluconazole and
methocarbamol (10 mg/mL) were prepared in
methanol. The working standard solutions were
obtained by dilution with methanol.

Sample preparation

To 450 mL of plasma in a glass-stoppered 15
mL centrifuge tube were added 50 mL of methocar-
bamol as internal standard (10 mg/mL), 500 mL of
acetonitrile and 100 mg NaCl. After mixing (30 s),
the mixture was centrifuged for 15 min at 8000 rpm.
The organic phase was separated and dried under
argon. Then, 50 mL of mobile phase was added and
40 mL of supernatant was injected into liquid chro-
matograph.

Biological samples

Twelve male healthy volunteers were included
in this study. The study protocol was approved by

the Ethics Committee of Shahid Beheshti University
of Medical Sciences and written informed consent
was obtained from the volunteers. Fluconazole was
administered in a single dose of 150 mg to the vol-
unteers after overnight fasting. Plasma samples were
collected at several intervals after dosing and then
frozen immediately at ñ20OC until assayed. 

Stability

The stability of fluconazole was assessed for
spiked plasma samples stored at ñ20OC for up to two
months and at ambient temperature for at least 24 h.
The stability of stock solutions stored at ñ20OC was
determined for up to one month by injecting appro-
priate dilutions of stock solution in distilled water on
day 1, 15, and 30 and comparing their peak areas
with fresh stock solution prepared on the day of
analysis. Samples were considered to be stable, if
the assay values were within the acceptable limits of
accuracy and precision.

Plasma calibration curves and quantitation

Blank plasma was prepared from heparinized
whole blood samples collected from healthy volun-
teers and stored at ñ20OC. After thawing, 50 µL of
fluconazole working standards were added to yield
final concentrations of 0.1, 0.25, 0.5, 1, 2, 3, and 4
µg/mL. Internal standard solution was added to each
of these samples and the samples were then prepared
for analysis as described above. Calibration curve
was constructed by plotting peak area ratio (y) of
fluconazole to the internal standard versus flucona-
zole concentrations (x). A linear regression was used
for quantitation.

Precision 

The precision of an analytical method
describes the closeness of individual measures of
fluconazole when the analytical procedure is applied
repeatedly to multiple aliquots of a single homoge-
neous volume of the biological matrix. The preci-
sion is reflected by the standard deviation, while rel-
ative precision is calculated as the coefficient of
variation (CV), i.e., relative standard deviation (%
RSD). Calculations of precision are largely inde-
pendent of the number of replicates, except that
more replicates may give a better estimate of the
population variance. The measure RSD can be
explaining by: repeatability (intra-day precision)
and reproducibility (between laboratories precision).
Intra-day precision was determined by repeatability
of the method with obtained data on the same day
under similar conditions from the precision experi-
ments for five multiple injections at three different
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dilutions (0.8, 1.6, and 3.2 µg/mL). The concentra-
tion of the sample is then obtained by measuring the
peak area and the coefficients of variation were cal-
culated, being within the acceptable criteria of less
than 0.1 (Table 1).

Inter-day precision was obtained from repro-
ducibility of the method with obtained data by
repeating the assay five times (n = 5) on five differ-
ent days, by injecting standard fluconazole at three
different dilutions (0.8, 1.6, and 3.2 µg/mL). The
coefficients of variation value were found to be less
than 0.1 (Table 2).

Accuracy

Accuracy is the degree of agreement of a meas-
ured value with an accepted reference value. The
accuracy of the method is determined by replicate
analysis of samples containing known amounts of
the fluconazole at three different concentrations
equivalent to (0.8, 1.6, and 3.2 µg/mL) of the active

pharmaceutical ingredient, by adding a known
amount of fluconazole standard, and calculating the
recovery of fluconazole with recovery and coeffi-
cients of variation for each concentration (Table 3). 

Limit of quantification (LOQ) and recovery

The limit of detection (LOD) expresses the
lowest concentration of analyte that can be detected
for a given type of sample, instrument, and method,
but not necessarily quantified under the stated
experimental conditions. The limit of quantitation
(LOQ) is the lowest concentration of analyte in a
sample that can be determined with acceptable accu-
racy (70 ñ 120%) and precision (< 20%). LOD and
LOQ were estimated using the following formulas: 

LOD = 3.3σ/S and LOQ = 10σ/S
where σ represents the standard deviation of the
response (estimated based on the calibration curve),
and S is the slope of the calibration curve. The LOD
and LOQ values were 20 ng/mL and 61 ng/mL,

Table 2. Results of precision study (inter-day) for the fluconazole analysis in plasma (n = 5).

Sample 
Concentration Injection no. 

Mean SD CV(µg/mL) 1 2 3 4 5

0.8 0.60 0.65 0.63 0.61 0.63 0.63 0.02 0.03

Fluconazole 1.6 1.40 1.20 1.42 1.17 1.37 1.31 0.11 0.09

3.2 3.22 2.58 2.81 2.51 2.83 2.79 0.28 0.10

Table 1. Results of precision study (intra-day) for the fluconazole analysis in plasma (n = 5).

Sample 
Concentration Injection no. 

Mean SD CV(µg/mL) 1 2 3 4 5

0.8 0.60 0.69 0.66 0.63 0.67 0.65 0.03 0.05

Fluconazole 1.6 1.40 1.44 1.41 1.37 1.19 1.36 0.10 0.07

3.2 3.22 2.44 2.9043 2.83 2.77 2.83 0.28 0.10

Table 3. Results of recovery study for the fluconazole analysis in plasma (n = 3).

Sample
Concentration Injection no.

Mean STD(µg/mL) 1 2 3

0.8 106.75 107.92 108.36 107.68 0.83

Fluconazole 1.6 110.06 109.46 111.62 110.38 1.11

3.2 112.21 109.73 110.56 110.83 1.26
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respectively. The results of LOD and LOQ support-
ed the sensitivity of the developed method.

Pharmacokinetic analysis

Fluconazole pharmacokinetic parameters
were determined by non compartmental methods.
Elimination rate constant (k) were estimated by the
least-square regression of plasma concentration-
time data points lying in the terminal log-linear
region of the curves. Peak plasma concentration
(Cmax) and time to peak concentration (Tmax) were
derived from the individual subject concentration-
time curves. The area under the plasma concentra-
tion-time curve from time zero to the last measura-
ble concentration at time t (AUC0-t) was calculated
using the trapezoidal rule. The area was extrapolat-
ed to infinity (AUC0-∞) by addition of Ct/K to
AUC0-t where Ct is the last detectable drug concen-
tration. 

RESULTS AND DISCUSSION

Under the chromatographic conditions
described, fluconazole and the internal standard
peaks were well resolved. Endogenous plasma com-
ponents did not give any interfering peaks.
Separation was performed on a short reversed-phase
C8 column, which allows easy optimizing chro-
matographic conditions to obtain desirable resolu-
tion in a short time. Accordingly, the chromato-
graphic elution step is undertaken in a short time
(less than 10 min) with high resolution. Figure 1
shows typical chromatograms of blank plasma in
comparison to spiked samples analyzed for a phar-
macokinetic study. The average retention times of
fluconazole and methocarbamol were 6.1 and 7.8
min, respectively. The peaks were of good shape
and completely resolved at therapeutic concentra-
tions of fluconazole. In addition, this separation was
obtained using low amount of organic solvent in
composition of mobile phase compared to related
published methods. In our method, sample prepara-
tion involves protein precipitation using acetonitrile.
Protein precipitation became more efficient with
increasing volumes of acetonitrile. However, greater
volumes of acetonitrile diluted the sample, thereby
affecting the sensitivity of the assay. To improve the
sensitivity, a 1:1 ratio of acetonitrile to plasma was
considered for sample preparation. Under this con-
dition, the majority of protein was precipitated and
fluconazole and internal standard were free of infer-
ence from endogenous components in plasma. The
calibration curve for the determination of flucona-
zole in plasma was linear over the range 0.1 ñ 4

µg/mL. The linearity of this method was statistical-
ly confirmed. For each calibration curve, the inter-
cept was not statistically different from zero. The
correlation coefficients (r) for calibration curves
were equal to or better than 0.998. The slopes of
plasma standard curves in the nine different prepa-
rations were practically the same (the coefficients of
variation were less than 2% for the slopes of plasma
standard curves). For each point of calibration stan-
dards, the concentrations were recalculated from the
equation of the linear regression curves. The mean
linear regression equation of calibration curve for
the analyte was: 

y = 0.778x ñ 0.0047
where y was the peak area ratio of the analyte to the
internal standard and x was the concentration of the
analyte. The analytical recovery from plasma at
three different concentrations of fluconazole was
determined. Known amounts of fluconazole were
added to drug-free plasma in concentrations ranging
from 0.8 to 3.2 µg/mL. The internal standard was
added and the absolute recovery of fluconazole was
calculated by comparing the peak areas for extract-
ed fluconazole from spiked plasma and a standard
solution of fluconazole in methanol containing inter-
nal standard with the same initial concentration. The
average recovery was 109.63 ± 1.7% (n = 5) and the
dependence on concentration was negligible. The
recovery of internal standard, methocarbamol was
almost complete at the concentration used in the
assay. Using UV detection method, the limit of
quantification, as previously defined, was 20 ng/mL
for fluconazole. This is sensitive enough for drug
monitoring and other purposes such as pharmacoki-
netic studies. We assessed the precision of the
method by repeated analysis of plasma specimens
containing known concentrations of fluconazole. As
shown in Tables 1 and 2, coefficients of variation
were less than 10%, which is acceptable for the rou-
tine measurement of fluconazole. Stability was
determined for spiked plasma samples under the
conditions as previously described. The results
showed that the samples were stable during the men-
tioned conditions. 

The aim of our study was to develop a rapid
and sensitive method for the routine analysis of bio-
logical samples in pharmacokinetic fluconazole
research. This method is well suited for routine
application in the clinical laboratory because of the
speed of analysis and simple extraction procedure.
Over 350 plasma samples were analyzed by this
method without any significant loss of resolution.
No change in the column efficiency and back pres-
sure was also observed over the entire study time,
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Figure 1. Chromatograms of (A) blank plasma; (B) blank plasma spiked with 1500 ng/mL fluconazole and 500 ng/mL methocarbamol
(internal standard); (C) plasma sample from a healthy volunteer three hours after oral administration of 150 mg of fluconazole
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thus proving suitability of the method. In this study,
plasma concentrations were determined in twelve
healthy volunteers, who received 150 mg of flu-
conazole each. Figure 2 shows the mean plasma
concentration-time profile of fluconazole. The
derived pharmacokinetic parameters of 12 healthy
volunteers are summarized in Table 4. These phar-
macokinetic parameters are in good agreement with
those found previously (4).
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