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Abstract

A simple, sensitive and rapid high-performance liquid chromatographic (HPLC) method for the determination
of voriconazole in human serum or plasma was developed. Voriconazole and internal standard clonazepam were
extracted from plasma or serum with methanol and analyzed on a Microsorb-MV C18 column with ultraviolet (UV)
detection set at wavelengths of 256 and 310 nm, respectively. The calibration curve was linear through the range
of 0.1-10 mg/L using a 0.1 mL sample volume. The within-run and between-run precisions were all less than 6%.
Accuracies ranged from 97 to 106%. Absolute recovery was 96.4 + 1.3% for voriconazole. The method has been
applied to monitor voriconazole use in order to ascertain clinical efficacy and minimize toxic effects.
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Introduction

Voriconazole is a broad-spectrum, second-generation triazole
antifungal agent, designated chemically as (2R, 3S)-2-(2,4-
difluorophenyl)-3-(5-fluoro-4-pyrimidinyl)-1-(1H-1,2,4-triazol-1-yl)-
2-butanol, that is a derivative of fluconazole. Voriconazole has been
widely used for the treatment of invasive fungal diseases, particularly
invasive aspergillosis. In addition, voriconazole is also approved for
the treatment of invasive candidosis, as well as for less frequent fungal
infections such as fusariosis and scedosporiosis. Its fungicidal action
is due to inhibition of fungal cytochrome P450-dependent 14a-sterol
demethylase, a key enzyme of ergosterol biosynthesis. Inhibition of
ergosterol biosynthetic pathway leads to a disruption of the integrity
and the function of the fungal membrane.

Purkins et al. reported human pharmacokinetic data for
voriconazole which displayed linear pharmacokinetics in children
and non-linear pharmacokinetics in adults [1]. According to
previous studies, voriconazole serum concentrations were varied
and unpredictable [2]. High variability had also been observed in
serum voriconazole concentration within and between individuals
[3-5]. Although serum voriconazole concentration is unpredictable,
therapeutic drug monitoring (TDM) could be most useful in order to
ascertain clinical efficacy and to minimize toxic effects.

For the determination of voriconazole concentrations in
the biological fluids, the main methods presently used are high-
performance liquid chromatographic (HPLC) techniques coupled
with mass spectrometry (MS), fluorimetry or spectrophotometry. The
MS methods require small sample volumes [6-22] and are generally
superior in sensitivity and specificity to both fluorimetry [23] and
spectrophotometry [24-45]. However, the purchase and running costs
of LC-MS and LC-MS/MS instruments are high. Fluorescent and
ultraviolet (UV) detectors are sensitive enough to measure clinically
relevant concentrations (1-5.5 ug/mL) of voriconazole in serum or
plasma, allowing the use of common HPLC instrumentation. The
majority of published methods used internal standard, however, a few
analytical protocols were associated to external standard calibration
[6,9,39-45].

Previously, TDM of voriconazole ordered by the physicians here
at the Cincinnati Children’s Hospital Medical Center (CCHMC) was

carried out by the reference laboratory. However, providing clinicians
quicker test results for better clinical service is highly desirable. For
this purpose, an analytical procedure was developed for measuring
voriconazole concentrations in serum and plasma. In this article, a
simple and rapid HPLC method with UV detection for routine TDM
of voriconazole is described. The current method provides sufficient
specificity and sensitivity to meet the clinical needs. It is of particular
importance that the current method requires as little as 0.1 mL of
sample for voriconazole measurement in pediatric practice. Sample
preparation involves precipitation of proteins with a single step
methanol extraction and centrifugation.

Experimental

Voriconazole and clonazepam were obtained from Sigma (St.
Louis, MO). Other chemicals used were analytical grade or HPLC
grade from Sigma. The stock solution of voriconazole (100 pug/mL) was
prepared in methanol. A series of six calibrator solutions, ranged from
0.1-10 pg/mL, were prepared using the voriconazole stock solution
with the appropriate volume of methanol to final concentrations of 0.1,
0.5, 1.25, 2.5, 5 and 10 pg/mL. The stock solution of internal standard
clonazepam (100 pg/mL) was prepared in methanol. A working
solution internal standard clonazepam (5 pg/mL) was prepared using
the stock solution with the appropriate volume of methanol to final
concentration of 5 ug/mL. Serum free of voriconazole was pooled and
centrifuged to remove clots. Three quality controls were prepared
in the pooled serum to final concentrations of 1, 4 and 8 pg/mL. An
aliquot of 100 pL of pooled serum or controls was transferred into a
microcentrifuge tube and capped and stored at -20°C until analysis.
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In this study, 30 de-identified samples ordered for concentrations
of voriconazole were included for comparison between the current
method and reference method. Thirty-two de-identified samples
submitted for the testing of other drugs were also analyzed to identify
potential interference.

Apparatus

The Agilent 1260 Infinity HPLC system equipped with Model 1260
quaternary pump, Model 1260 Hip ALS autosampler, Model 1290
thermostat, Model 1290 TCC control module, and Model 1260 diode
array detector (DAD). The output signal was monitored and processed
using the EZChrom Elite” software. Analytical column was a 250-mm
x 4.6-mm Microsorb-MV C18 column (Agilent) with 5-um spherical
particles. An Upchurch precolumn filter equipped with 0.5 pm frit, SS,
is used to protect the analytical column. The mobile phase consisted of
0.05 M ammonium acetate/acetonitrile/methanol at 40:20:40 (v/v/v).
The mobile phase was filtered before use through a 0.2-pm (47 mm
diameter) MAGNA nylon filter (GE Water & Process Technologies,
Minnetonka, MN) under reduced pressure.

Methods

After pooled serum was thawed at room temperature, internal
standard working solution (100 pL), calibrator solutions (100 pL)
and methanol (100 uL) were pipetted into respective microcentrifuge
tubes and capped. The tubes were capped and vortex-mixed for 1 min
and then centrifuged for 10 min at 10,000 rpm. The supernatant was
transferred to an autosampler vial, capped, and 20 pL was then injected
onto the column. Peak height measurements were analyzed to obtain
the ratio of voriconazole versus clonazepam. Ratios of voriconazole
versus clonazepam were used to establish a calibration curve and to
quantify voriconazole from the calibration curve. Patient or controls
were prepared by transferring 100 pL of patient or controls into
respective microcentrifuge tubes; 100 pL of internal standard solution
was then added to each tube followed by 200 pL of methanol. The tubes
were capped and processed in the same manner as calibrators.

A calibration curve was established by adding 6 calibrators to the
pooled sera, and the linearity of calibration curve was evaluated by
least-squares linear regression analysis. The calibration was performed
3 more times over 2 months. Each time 6 calibrators were carried out
in duplicate and concentrations were calculated from the calibration
curve.

The absolute analytical recovery was determined at a concentration
for voriconazole (4 pg/mL) and for clonazepam at the concentration
which was used during the analysis of the serum samples (5 pug/mL).
Absolute analytical recovery was determined by comparing the average
peak height for five extracted serum samples spiked with voriconazole
and clonazepam with that for five aqueous solutions of voriconazole
and clonazepam of identical concentrations in which serum was
replaced by water.

Standard solutions of several commonly prescribed drugs were
injected onto the HPLC in order to check for their retention times. Blank
serum from 6 pooled sera was tested for endogenous interferences.
Furthermore, serum samples from patients not taking voriconazole
and treated with commonly prescribed drugs were analyzed to check
for potential interferences.

The within-run accuracy and precision were evaluated using
six determinations per control. The deviation of the mean from the
true value served as the measure of accuracy. Between-run accuracy

and precision were evaluated by carrying out 12 independent
determinations for each of four controls over a period of 2 weeks. Each
control was analyzed in duplicate.

Further method validation was carried out by 3 different analysts
using 6 patient samples. Patient samples were stored at 4°C over
a period of 2 weeks; each sample was analyzed in duplicate. The
stability of voriconazole in serum sample was also assessed by storage
of six patient samples at 4°C over a period of 2 weeks and at room
temperature in the light for 4 days and 7 days; values obtained were
compared with fresh samples.

Accuracy of the method was further examined by measuring the
concentrations of voriconazole in 30 de-identified patient samples. The
results obtained by this method were compared with results from the
reference laboratory.

Results and Discussion

Aninternal standardis notrequired in the external standard method.
The disadvantage of the external standard method is the loss of analytes
by adsorption at the precipitate. However, the addition of an internal
standard is used to correct the loss of analytes due to adsorption. Several
commercially available compounds were investigated and clonazepam
was found to be best fit for an internal standard. Protein precipitation by
organic solvent is a simple and rapid procedure. Quantitative extraction
of voriconazole was obtained previously by using protein precipitation
with acetonitrile [8,10,12,15,32,39,42,43,45], methanol [11,18,19] or
a mixture of both solvents [16,20] as the only sample preparation.
In the preliminary study, three different protein precipitation agents
(acetonitrile, methanol and a mixture of both) were investigated.
All three different protein precipitation agents showed comparable
extraction efficiency (by measuring the peak-areas of voriconazole and
clonazepam). However, the methanol extracts produced shaper peaks
of voriconazole and clonazepam which translated into higher peak-
heights for both compounds. Methanol was chosen as the precipitation
solvent, and the recoveries of clonazepam and voriconazole were 93.1
+0.7% (mean * SD) and 96.4 + 1.2%, respectively.

For this study, the effects of column operating temperature were
evaluated at various temperatures such as 25, 30, 35, 40, 45 and 50°C.
A better operating temperature was found to be at 40°C for producing
sharper peaks, earlier elution and better separation. Using the proposed
sample preparation protocol and optimized chromatographic
conditions, a well-resolved and satisfactory separation of internal
standard clonazepam (retention time: ~5.76 min) and voriconazole
(retention time: ~7.45 min) was obtained. Typical chromatograms
monitored at wavelengths of 256 and 310 nm are presented in figure 1.
These two compounds resolved without any overlapping of their peaks
or ambiguity in identification.

A maximal level of 9 ug/mL has been observed in >250 patient
specimens for routine voriconazole test, which was reported by the
Laboratory Administration at CCHMC. The validated linearity up to
10 ug/mL for the method described here makes this method applicable
across the wide range of serum concentrations found for patients
receiving voriconazole. The current method validation was based on the
Guidance for Industry Bioanalytical Method Validation [46] published
by the Food and Drug Administration. The current method met all the
requirements for developing a calibration curve. The current method
was linear between the concentrations of LLOQ (0.1 pug/mL) and the
upper limit of quantitation (ULOQ, 10 ug/mL). The coefficients of
variation (CV) averaged 4% and 15% for voriconazole at ULOQ and
LLOQ, respectively. Analytical performance at LLOQ met criteria of
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precision of <20% and accuracy within 80-120% of the target value. The
limit of detection (LOD) was estimated at a signal-to-noise ratio of 3:1,
which was found to be ~0.06 pg/mL.

The assay results for spiked and pooled samples are shown in table
1. No significant difference was observed between results of spiked
and pooled serum. The accuracy was <6% for all concentrations.
The minimal deviation of the mean from the true value indicates
the excellent accuracy of the method. The within-run precision was
<5% of CV, confirming good precision of the method. Between-run
precision of voriconazole demonstrated CV values of <6%. Overall the
percentage recovery of voriconazole ranged from 97 to 106%, indicating
the consistent, precise, and reproducible extraction efficiency of the
method. The current method can be performed by any trained person.
Table 2 gives details of the method precision of these samples analyzed

60

by 3 analysts who are medical technologists. All precisions were similar,
with none of the CVs being >6%.

Further method validation was performed; patient samples
containing voriconazole were diluted with pooled serum and assayed.
These results are shown in table 3. All the results were within 97-106%
of anticipated concentrations, and similar results were observed upon
serial dilutions of the high control from 8 to 2 ug/mL. Thus, there did
not appear to be matrix interferences compromising the accuracy of
the method. The method is optimized for 100 uL of serum sample, but
it can be done using a sample as small as 25 pL without compromising
its accuracy. There was no evidence for loss of voriconazole stored at
4°C for at least 2 weeks (P<0.0001). Voriconazole appeared stable at
room temperature in the light for at least 7 days (P<0.0001), enabling
postal samples to be accepted for analysis.
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Figure 1: Chromatograms obtained from a representative patient on voriconazole therapy. The peaks of voriconazole (trough level of 0.2 yg/mL) and internal standard
clonazepam were monitored at 256 nm (solid line) and 310 nm (dot line), respectively. The retention times of internal standard clonazepam and voriconazole were

‘ True concentration (ug/L) ‘ Found concentration (ug/L) ‘ Recovery (%) CV (%)
Spiked sample:
1 1.04 104.0 3.1
Within-run (n = 6) 4 417 104.3 24
8 8.25 103.1 1.8
1 1.06 106.0 4.5
Between-run (n = 12) 4 4.06 101.5 3.7
8 8.21 102.6 2.9
Pooled sample:
1 0.97 97.0 4.4
Within-run (n = 6) 4 4.01 100.3 3.7
8 8.14 101.7 3.2
1 1.03 103.0 5.6
Between-run (n = 12) 4 4.11 102.8 4.8
8 8.12 101.5 4.3

Table 1: Method precision.
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Figure 2 illustrates a comparison between the current method and
reference method on 30 de-identified patient samples. The correlation
between the two methods was good; the linear regression statistics
indicated an 1 value 0f 0.992 (P<0.0001). The linear regression equation
for correlation was y=1.014 x-0.022 with a standard error value of 0.14;
where y, the current method and x, the reference laboratory method.

The effects of potential interference from other commonly used
drugs were evaluated. To study potential interference, 32 de-identified
patient samples submitted for the testing of various therapeutic drugs

Patient Mean Concentration | Concentration Staqda_rd CV (%)
Sample # (ng/L) Range (ug/L) Deviation (pg/L)
1 6 1.53 1.46-1.60 0.07 45
2 6 2.24 2.12-2.36 0.12 5.4
3 6 2.40 2.29-2.51 0.11 4.6
4 6 3.08 2.93-3.23 0.15 4.9
5 6 4.67 4.48-4.87 0.20 4.3
6 6 5.95 5.62-6.28 0.33 55

Table 2: Method precision performed by three different analysts over a period of
two weeks.

Patient #/ Found* Calculated Percentage of
dilution | Concentration (ug/L) | Concentration (ug/L) = expected (%)
1/neat 1.26 100
1/x2 0.64 1.28 101.6
1/x4 0.33 1.32 104.8
2/neat 6.47 100
2/x2 3.29 6.58 101.7
2/x4 1.60 6.40 98.9
3/neat 4.09 100
3/x2 212 4.24 103.7
3/x4 1.03 4.12 100.7
4/neat 5.34 100
4/x2 2.61 5.22 97.8
4/x4 1.37 5.48 102.6
5/neat 2.09 100
5/x2 1.07 2.14 102.4
5/x4 0.55 2.20 105.3
6/neat 3.41 100
6/x2 1.74 3.48 102.1
6/x4 0.89 3.56 104.4
Control/neat 8.16 102.0
Control/x2 4.12 8.24 103.0
Control/x4 2.09 8.36 104.5

*each sample was measured once.

Table 3: Effects of diluting patient sample and control with pooled serum on the
concentrations of voriconazole.

L5 I« T

CCHMC Lab Concentrations, pg/mL

0 L 1 L 1 L L L 1 L 1 L 1 L
0 1 2 3 4 5 6 7

Reference Lab Concentrations, pg/mL

Figure 2: Method comparison data for serum voriconazole levels.

were analyzed. No apparent interference was observed. Drugs assayed
at therapeutic concentrations include: acetaminophen; carbamazepine,
carbamazepine-epoxide, and hydroxy metabolites; chloramphenicol;
diazepam; ethosuximide; felbamate; fluconazole; gabapentin;
ibuprofen; itraconazole; ketoconazole; lacosamide; lamotrigine;
levetiracetam; lorazepam; methsuximide and normethsuximide;
milrinone; oxcarbazepine and its monohydroxy metabolite;
phenacetin; phenobarbital; phenytoin and metabolites; posaconazole;
primidone; rufinamide; salicylate; topiramate; valproate; vigabatrin,
and zonisamide.

Conclusion

This paper describes a simple, accurate, and reproducible method
for the measurement of voriconazole in human serum or plasma.
Sample preparation is rapid and efficient, and voriconazole recovery
is excellent. The current method uses a single step methanol extraction
and avoids the use of more complex liquid-liquid extraction or solid-
phase extraction procedure, which substantially decreases set-up time.
The method meets the requirements of high sample throughput in
clinical analysis. The method uses a commercially available internal
standard and has potential cost savings lying in the use of single
extraction process. The method can be used to measure voriconazole in
as small as 25 pL of sample, which is idea for pediatric sample.

References

1. Purkins L, Wood N, Greenhalgh K, Allen MJ, Oliver SD (2003) Voriconazole,
a novel wide-spectrum triazole: oral pharmacokinetics and safety. Br J Clin
Pharmacol 56: 10-16.

2. Pascual A, Calandra T, Bolay S, Buclin T, Bille J, et al. (2008) Voriconazole
therapeutic drug monitoring in patients with invasive mycoses improves
efficacy and safety outcomes. Clin Infect Dis 46: 201-211.

3. Denning DW, Ribaud P, Milpied N, Caillot D, Herbrecht R, et al. (2002) Efficacy
and safety of voriconazole in the treatment of acute invasive aspergillosis. Clin
Infect Dis 34: 563-571.

4. Trifilio S, Pennick G, Pi J, Zook J, Golf M, et al. (2007) Monitoring plasma
voriconazole levels may be necessary to avoid subtherapeutic levels in
hematopoietic stem cell transplant recipients. Cancer 109: 1532-1535.

5. Pasqualotto AC, Shah M, Wynn R, Denning DW (2008) Voriconazole plasma
monitoring. Arch Dis Child 93: 578-581.

6. Zhou L, Glickman RD, Chen N, Sponsel WE, Graybill JR, et al. (2002)
Determination of voriconazole in aqueous humor by liquid chromatography-
electrospray ionization-mass spectrometry. J Chromatogr B Analyt Technol
Biomed Life Sci 776: 213-220.

7. Roffey SJ, Cole S, Comby P, Gibson D, Jezequel SG, et al. (2003) The
disposition of voriconazole in mouse, rat, rabbit, guinea pig, dog, and human.
Drug Metab Dispos 31: 731-741.

8. Keevil BG, Newman S, Lockhart S, Howard SJ, Moore CB, et al. (2004)
Validation of an assay for voriconazole in serum samples using liquid
chromatography-tandem mass spectrometry. Ther Drug Monit 26: 650-657.

9. Egle H, Trittler R, Konig A, Kummerer K (2005) Fast, fully automated analysis of
voriconazole from serum by LC-LC-ESI-MS-MS with parallel column-switching
technique. J Chromatogr B Analyt Technol Biomed Life Sci 814: 361-367.

10. Vogeser M, Schiel X, Spohrer U (2005) Quantification of voriconazole in
plasma by liquid chromatography-tandem mass spectrometry. Clin Chem Lab
Med 43: 730-734.

11. Araujo BV, Conrado DJ, Palma EC, Dalla Costa T (2007) Validation of rapid
and simple LC-MS/MS method for determination of voriconazole in rat plasma.
J Pharm Biomed Anal 44: 985-990.

12. Baietto L, D’Avolio A, Ventimiglia G, De Rosa FG, Siccardi M, et al. (2010)
Development, validation, and routine application of a high-performance liquid
chromatography method coupled with a single mass detector for quantification
of itraconazole, voriconazole, and posaconazole in human plasma. Antimicrob
Agents Chemother 54: 3408-3413.

J Drug Metab Toxicol
ISSN: 2157-7609 JDMT, an open access journal

Volume 4 « Issue 2 + 1000144


http://www.ncbi.nlm.nih.gov/pubmed/14616408
http://www.ncbi.nlm.nih.gov/pubmed/14616408
http://www.ncbi.nlm.nih.gov/pubmed/14616408
http://www.ncbi.nlm.nih.gov/pubmed/18171251
http://www.ncbi.nlm.nih.gov/pubmed/18171251
http://www.ncbi.nlm.nih.gov/pubmed/18171251
http://www.ncbi.nlm.nih.gov/pubmed/11807679
http://www.ncbi.nlm.nih.gov/pubmed/11807679
http://www.ncbi.nlm.nih.gov/pubmed/11807679
http://www.ncbi.nlm.nih.gov/pubmed/17351937
http://www.ncbi.nlm.nih.gov/pubmed/17351937
http://www.ncbi.nlm.nih.gov/pubmed/17351937
http://www.ncbi.nlm.nih.gov/pubmed/18252755
http://www.ncbi.nlm.nih.gov/pubmed/18252755
http://www.ncbi.nlm.nih.gov/pubmed/12138003
http://www.ncbi.nlm.nih.gov/pubmed/12138003
http://www.ncbi.nlm.nih.gov/pubmed/12138003
http://www.ncbi.nlm.nih.gov/pubmed/12138003
http://www.ncbi.nlm.nih.gov/pubmed/12756205
http://www.ncbi.nlm.nih.gov/pubmed/12756205
http://www.ncbi.nlm.nih.gov/pubmed/12756205
http://www.ncbi.nlm.nih.gov/pubmed/15570190
http://www.ncbi.nlm.nih.gov/pubmed/15570190
http://www.ncbi.nlm.nih.gov/pubmed/15570190
http://www.ncbi.nlm.nih.gov/pubmed/15639460
http://www.ncbi.nlm.nih.gov/pubmed/15639460
http://www.ncbi.nlm.nih.gov/pubmed/15639460
http://www.ncbi.nlm.nih.gov/pubmed/16207133
http://www.ncbi.nlm.nih.gov/pubmed/16207133
http://www.ncbi.nlm.nih.gov/pubmed/16207133
http://www.ncbi.nlm.nih.gov/pubmed/17544609
http://www.ncbi.nlm.nih.gov/pubmed/17544609
http://www.ncbi.nlm.nih.gov/pubmed/17544609
http://www.ncbi.nlm.nih.gov/pubmed/20530230
http://www.ncbi.nlm.nih.gov/pubmed/20530230
http://www.ncbi.nlm.nih.gov/pubmed/20530230
http://www.ncbi.nlm.nih.gov/pubmed/20530230
http://www.ncbi.nlm.nih.gov/pubmed/20530230

Citation: Tang PH (2013) Quantification of Antifungal Drug Voriconazole in Serum and Plasma by HPLC-UV. J Drug Metab Toxicol 4: 144.

doi:10.4172/2157-7609.1000144

Page 5 of 5

20.

2

=

22.

23.

24,

25.

26.

27.

28

2

©

30.

3

=

. Decosterd LA, Rochat B, Pesse B, Mercier T, Tissot F, et al. (2010) Multiplex

ultra-performance liquid chromatography-tandem mass spectrometry method
for simultaneous quantification in human plasma of fluconazole, itraconazole,
hydroxyitraconazole, posaconazole, voriconazole, voriconazole-N-oxide,
anidulafungin, and caspofungin. Antimicrob Agents Chemother 54: 5303-5315.

. Xiong X, Duan J, Zhai S, Wang L, Lan X (2010) Fast and reliable determination

of voriconazole in human plasma by LC-APCI-MS/MS. Biosci Biotechnol
Biochem 74: 2151-2153.

.Verdier MC, BentuA©-Ferrer D, Tribut O, Bellissant E (2010) Liquid

chromatography-tandem mass spectrometry method for simultaneous
quantification of four triazole antifungal agents in human plasma. Clin Chem
Lab Med 48: 1515-1522.

. Alffenaar JW, Wessels AM, van Hateren K, Greijdanus B, Kosterink JG, et

al. (2010) Method for therapeutic drug monitoring of azole antifungal drugs in
human serum using LC/MS/MS. J Chromatogr B Analyt Technol Biomed Life
Sci 878: 39-44.

.ChengY, Zhang ZJ, Tian Y, Li WJ, Wei W (2011) Quantification of voriconazole

in human plasma by high-performance liquid chromatography-electrospray
ionization mass spectrometry: application to a bioequivalence study.
Arzneimittelforschung 61: 132-139.

.Lin D, Li G, Chen L (2012) Determination of Voriconazole in Human Plasma by

HPLC-ESI-MS and Application to Pharmacokinetic Study. J Chromatogr Sci.

.Beste KY, Burkhardt O, Kaever V (2012) Rapid HPLC-MS/MS method for

simultaneous quantitation of four routinely administered triazole antifungals in
human plasma. Clin Chim Acta 413: 240-245.

Pauwels S, Vermeersch P, Van Eldere J, Desmet K (2012) Fast and simple
LC-MS/MS method for quantifying plasma voriconazole. Clin Chim Acta 413:
740-743.

. Baietto L, D’Avolio A, Marra C, Simiele M, Cusato J, et al. (2012) Development

and validation of a new method to simultaneously quantify triazoles in plasma
spotted on dry sample spot devices and analysed by HPLC-MS. J Antimicrob
Chemother 67: 2645-2649.

Couchman L, Buckner SL, Morgan PE, Ceesay MM, Pagliuca A, et al. (2012)
An automated method for the simultaneous measurement of azole antifungal
drugs in human plasma or serum using turbulent flow liquid chromatography-
tandem mass spectrometry. Anal Bioanal Chem 404: 513-523.

Michael C, Teichert J, Preiss R (2008) Determination of voriconazole in
human plasma and saliva using high-performance liquid chromatography with
fluorescence detection. J Chromatogr B Analyt Technol Biomed Life Sci 865:
74-80.

Khoschsorur G, Fruehwirth F, Zelzer S (2005) Isocratic high-performance
liquid chromatographic method with ultraviolet detection for simultaneous
determination of levels of voriconazole and itraconazole and its hydroxyl
metabolite in human serum. Antimicrob Agents Chemother. 49: 3569-3571.

Chhun S, Rey E, Tran A, Lortholary O, Pons G, et al. (2007) Simultaneous
quantification of voriconazole and posaconazole in human plasma by high-
performance liquid chromatography with ultra-violet detection. J Chromatogr B
Analyt Technol Biomed Life Sci 852: 223-228.

Langman LJ, Boakye-Agyeman F (2007) Measurement of voriconazole in
serum and plasma. Clin Biochem 40: 1378-1385.

Chan HM, Duran SH, Walz PH, Ravis WR (2009) Pharmacokinetics of
voriconazole after single dose intravenous and oral administration to alpacas. J
Vet Pharmacol Ther 32: 235-240.

. Vorwerk CK, Streit F, Binder L, Tuchen S, Knop C, et al. (2008) Aqueous humor

concentration of voriconazole after topical administration in rabbits. Graefes
Arch Clin Exp Ophthalmol 246: 1179-1183.

. Gordien JB, Pigneux A, Vigouroux S, Tabrizi R, Accoceberry I, et al. (2009)

Simultaneous determination of five systemic azoles in plasma by high-
performance liquid chromatography with ultraviolet detection. J Pharm Biomed
Anal 50: 932-938.

Kahle K, Langmann P, Schirmer D, Lenker U, Keller D, et al. (2009)
Simultaneous determination of voriconazole and posaconazole concentrations
in human plasma by high-performance liquid chromatography. Antimicrob
Agents Chemother 53: 3140-3142.

.Dewani MC, Borole TC, Gandhi SP, Madgulkar AR, Damle MC (2011)

Determination of voriconazole in human plasma by high performance liquid

32.

3

w

34.

3

(&

36.

37.

38.

39.

40.

4

-

42.

43.

44

45.

46.

chromatographic with ultraviolet detection. International Journal of Research in
Pharmaceutical and Biomedical Sciences 2: 1367-1373.

Yamada T, Mino Y, Yagi T, Naito T, Kawakami J (2012) Rapid simultaneous
determination of voriconazole and its N-oxide in human plasma using an
isocratic high-performance liquid chromatography method and its clinical
application. Clin Biochem 45: 134-138.

. Stopher DA, Gage R (1997) Determination of a new antifungal agent,

voriconazole, by multidimensional high-performance liquid chromatography
with direct plasma injection onto a size-exclusion column. J Chromatogr B
Biomed Sci Appl 691: 441-448.

Lutsar |, Roffey S, Troke P (2003) Voriconazole concentrations in the
cerebrospinal fluid and brain tissue of guinea pigs and immunocompromised
patients. Clin Infect Dis 37: 728-732.

.Pennick GJ, Clark M, Sutton DA, Rinaldi MG (2003) Development and

validation of a high-performance liquid chromatography assay for voriconazole.
Antimicrob Agents Chemother 47: 2348-2350.

Wenk M, Droll A, Krahenbuhl S (2006) Fast and reliable determination of
the antifungal drug voriconazole in plasma using monolithic silica rod liquid
chromatography. J Chromatogr B Analyt Technol Biomed Life Sci 832: 313-
316.

Nakagawa S, Suzuki R, Yamazaki R, Kusuhara Y, Mitsumoto S, et al. (2008)
Determination of the antifungal agent voriconazole in human plasma using
a simple column-switching high-performance liquid chromatography and its
application to a pharmacokinetic study. Chem Pharm Bull (Tokyo) 56: 328-331.

Wissen CP, Burger DM, Verweij PE, Aarnoutse RE, Briggemann RJ (2012)
Simultaneous determination of the azoles voriconazole, posaconazole,
isovuconazole, itraconazole and its metabolite hydroxyl-itraconazole in human
plasma by reversed phase ultra-performance liquid chromatography with
ultraviolet detection. J Chromatogr B Analyt Technol Biomed Life Sci 887-888:
79-84.

Gage R, Stopher DA (1998) A rapid HPLC assay for voriconazole in human
plasma. J Pharm Biomed Anal 17: 1449-1453.

Perea S, Pennick GJ, Modak A, Fothergill AW, Sutton DA, et al. (2000)
Comparison of high-performance liquid chromatographic and microbiological
methods for determination of voriconazole levels in plasma. Antimicrob Agents
Chemother 44: 1209-1213.

. Pehourcq F, Jarry C, Bannwarth B (2004) Direct injection HPLC micro method

for the determination of voriconazole in plasma using an internal surface
reversed-phase column. Biomed Chromatogr 18: 719-722.

Pascual A, Nieth V, Calandra T, Bille J, Bolay S, et al. (2007) Variability of
voriconazole plasma levels measured by new high-performance liquid
chromatography and bioassay methods. Antimicrob Agents Chemother 51:
137-143.

Simmel F, Soukup J, Zoerner A, Radke J, Kloft C (2008) Development and
validation of an efficient HPLC method for quantification of voriconazole in
plasma and microdialysate reflecting an important target site. Anal Bioanal
Chem 392: 479-488.

. Shihabi ZK (2007) Simple assay for voriconazole in serum by HPLC. Journal of

Liquid Chromatography & Related Technologies 31: 263-268.

Eiden C, Mathieu O, Peyriére H, Dominique H, Cociglio M (2008) Simultaneous
quantification of voriconazole and its N-oxide metabolite in human plasma by
an easy and rapid isocratic LC method with UV detection. Chromatographia
67: 275-280.

Gao L, Li J, Kasserra C, Song Q, Arjomand A, et al. (2011) Precision and
accuracy in the quantitative analysis of biological samples by accelerator mass
spectrometry: application in microdose absolute bioavailability studies. Anal
Chem 83: 5607-5616.

J Drug Metab Toxicol
ISSN: 2157-7609 JDMT, an open access journal

Volume 4 « Issue 2 + 1000144


http://www.ncbi.nlm.nih.gov/pubmed/20855739
http://www.ncbi.nlm.nih.gov/pubmed/20855739
http://www.ncbi.nlm.nih.gov/pubmed/20855739
http://www.ncbi.nlm.nih.gov/pubmed/20855739
http://www.ncbi.nlm.nih.gov/pubmed/20855739
http://www.ncbi.nlm.nih.gov/pubmed/20944401
http://www.ncbi.nlm.nih.gov/pubmed/20944401
http://www.ncbi.nlm.nih.gov/pubmed/20944401
http://www.ncbi.nlm.nih.gov/pubmed/20557278
http://www.ncbi.nlm.nih.gov/pubmed/20557278
http://www.ncbi.nlm.nih.gov/pubmed/20557278
http://www.ncbi.nlm.nih.gov/pubmed/20557278
http://www.ncbi.nlm.nih.gov/pubmed/19945360
http://www.ncbi.nlm.nih.gov/pubmed/19945360
http://www.ncbi.nlm.nih.gov/pubmed/19945360
http://www.ncbi.nlm.nih.gov/pubmed/19945360
http://www.ncbi.nlm.nih.gov/pubmed/21428249
http://www.ncbi.nlm.nih.gov/pubmed/21428249
http://www.ncbi.nlm.nih.gov/pubmed/21428249
http://www.ncbi.nlm.nih.gov/pubmed/21428249
http://www.ncbi.nlm.nih.gov/pubmed/23147034
http://www.ncbi.nlm.nih.gov/pubmed/23147034
http://www.ncbi.nlm.nih.gov/pubmed/21996080
http://www.ncbi.nlm.nih.gov/pubmed/21996080
http://www.ncbi.nlm.nih.gov/pubmed/21996080
http://www.ncbi.nlm.nih.gov/pubmed/22269157
http://www.ncbi.nlm.nih.gov/pubmed/22269157
http://www.ncbi.nlm.nih.gov/pubmed/22269157
http://www.ncbi.nlm.nih.gov/pubmed/22872447
http://www.ncbi.nlm.nih.gov/pubmed/22872447
http://www.ncbi.nlm.nih.gov/pubmed/22872447
http://www.ncbi.nlm.nih.gov/pubmed/22872447
http://www.ncbi.nlm.nih.gov/pubmed/22695504
http://www.ncbi.nlm.nih.gov/pubmed/22695504
http://www.ncbi.nlm.nih.gov/pubmed/22695504
http://www.ncbi.nlm.nih.gov/pubmed/22695504
http://www.ncbi.nlm.nih.gov/pubmed/18342582
http://www.ncbi.nlm.nih.gov/pubmed/18342582
http://www.ncbi.nlm.nih.gov/pubmed/18342582
http://www.ncbi.nlm.nih.gov/pubmed/18342582
http://www.ncbi.nlm.nih.gov/pubmed/16048987
http://www.ncbi.nlm.nih.gov/pubmed/16048987
http://www.ncbi.nlm.nih.gov/pubmed/16048987
http://www.ncbi.nlm.nih.gov/pubmed/16048987
http://www.ncbi.nlm.nih.gov/pubmed/17306633
http://www.ncbi.nlm.nih.gov/pubmed/17306633
http://www.ncbi.nlm.nih.gov/pubmed/17306633
http://www.ncbi.nlm.nih.gov/pubmed/17306633
http://www.ncbi.nlm.nih.gov/pubmed/17931613
http://www.ncbi.nlm.nih.gov/pubmed/17931613
http://www.ncbi.nlm.nih.gov/pubmed/19646087
http://www.ncbi.nlm.nih.gov/pubmed/19646087
http://www.ncbi.nlm.nih.gov/pubmed/19646087
http://www.ncbi.nlm.nih.gov/pubmed/18491124
http://www.ncbi.nlm.nih.gov/pubmed/18491124
http://www.ncbi.nlm.nih.gov/pubmed/18491124
http://www.ncbi.nlm.nih.gov/pubmed/19608374
http://www.ncbi.nlm.nih.gov/pubmed/19608374
http://www.ncbi.nlm.nih.gov/pubmed/19608374
http://www.ncbi.nlm.nih.gov/pubmed/19608374
http://www.ncbi.nlm.nih.gov/pubmed/19380591
http://www.ncbi.nlm.nih.gov/pubmed/19380591
http://www.ncbi.nlm.nih.gov/pubmed/19380591
http://www.ncbi.nlm.nih.gov/pubmed/19380591
http://www.ijrpbsonline.com/files/RS00067.pdf
http://www.ijrpbsonline.com/files/RS00067.pdf
http://www.ijrpbsonline.com/files/RS00067.pdf
http://www.ijrpbsonline.com/files/RS00067.pdf
http://www.ncbi.nlm.nih.gov/pubmed/22138022
http://www.ncbi.nlm.nih.gov/pubmed/22138022
http://www.ncbi.nlm.nih.gov/pubmed/22138022
http://www.ncbi.nlm.nih.gov/pubmed/22138022
http://www.ncbi.nlm.nih.gov/pubmed/9174282
http://www.ncbi.nlm.nih.gov/pubmed/9174282
http://www.ncbi.nlm.nih.gov/pubmed/9174282
http://www.ncbi.nlm.nih.gov/pubmed/9174282
http://www.ncbi.nlm.nih.gov/pubmed/12942409
http://www.ncbi.nlm.nih.gov/pubmed/12942409
http://www.ncbi.nlm.nih.gov/pubmed/12942409
http://www.ncbi.nlm.nih.gov/pubmed/12821496
http://www.ncbi.nlm.nih.gov/pubmed/12821496
http://www.ncbi.nlm.nih.gov/pubmed/12821496
http://www.ncbi.nlm.nih.gov/pubmed/16488671
http://www.ncbi.nlm.nih.gov/pubmed/16488671
http://www.ncbi.nlm.nih.gov/pubmed/16488671
http://www.ncbi.nlm.nih.gov/pubmed/16488671
http://www.ncbi.nlm.nih.gov/pubmed/18310944
http://www.ncbi.nlm.nih.gov/pubmed/18310944
http://www.ncbi.nlm.nih.gov/pubmed/18310944
http://www.ncbi.nlm.nih.gov/pubmed/18310944
http://www.ncbi.nlm.nih.gov/pubmed/22336695
http://www.ncbi.nlm.nih.gov/pubmed/22336695
http://www.ncbi.nlm.nih.gov/pubmed/22336695
http://www.ncbi.nlm.nih.gov/pubmed/22336695
http://www.ncbi.nlm.nih.gov/pubmed/22336695
http://www.ncbi.nlm.nih.gov/pubmed/22336695
http://www.ncbi.nlm.nih.gov/pubmed/9800664
http://www.ncbi.nlm.nih.gov/pubmed/9800664
http://www.ncbi.nlm.nih.gov/pubmed/10770753
http://www.ncbi.nlm.nih.gov/pubmed/10770753
http://www.ncbi.nlm.nih.gov/pubmed/10770753
http://www.ncbi.nlm.nih.gov/pubmed/10770753
http://www.ncbi.nlm.nih.gov/pubmed/15386584
http://www.ncbi.nlm.nih.gov/pubmed/15386584
http://www.ncbi.nlm.nih.gov/pubmed/15386584
http://www.ncbi.nlm.nih.gov/pubmed/17088483
http://www.ncbi.nlm.nih.gov/pubmed/17088483
http://www.ncbi.nlm.nih.gov/pubmed/17088483
http://www.ncbi.nlm.nih.gov/pubmed/17088483
http://www.ncbi.nlm.nih.gov/pubmed/18677619
http://www.ncbi.nlm.nih.gov/pubmed/18677619
http://www.ncbi.nlm.nih.gov/pubmed/18677619
http://www.ncbi.nlm.nih.gov/pubmed/18677619
http://www.tandfonline.com/doi/abs/10.1080/10826070701739074
http://www.tandfonline.com/doi/abs/10.1080/10826070701739074
http://link.springer.com/article/10.1365%2Fs10337-007-0508-z?LI=true
http://link.springer.com/article/10.1365%2Fs10337-007-0508-z?LI=true
http://link.springer.com/article/10.1365%2Fs10337-007-0508-z?LI=true
http://link.springer.com/article/10.1365%2Fs10337-007-0508-z?LI=true
http://www.ncbi.nlm.nih.gov/pubmed/21627104
http://www.ncbi.nlm.nih.gov/pubmed/21627104
http://www.ncbi.nlm.nih.gov/pubmed/21627104
http://www.ncbi.nlm.nih.gov/pubmed/21627104

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction 
	Experimental
	Apparatus 
	Methods 
	Results and Discussion 
	Conclusion 
	Figure 1
	Table 1
	Table 2
	Table 3
	Figure 2
	References 



