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Abstract

A new method using high performance liquid chromatography coupled with electrospray mass spectrometry (HPLC-MS) was developed
and validated, for the quantification of plasma concentration of the new protease inhibitors darunavir (DRV) and other 11 antiretroviral agents
(ritonavir, amprenavir, atazanavir, lopinavir, saquinavir, indinavir, nelfinavir and its metabolite M-8, nevirapine, efavirenz and tipranavir). A simple
protein precipitation extraction procedure was applied on 50 .l of plasma aliquots and chromatographic separation of drugs and Internal Standard
(quinoxaline) was achieved with a gradient (acetonitrile and water with formic acid 0.05%) on an C-18 reverse phase analytical column with 25 min
of analytical run. Calibration curves were optimised according to expected ranges of drug concentrations in patients, and correlation coefficient
(%) was higher than 0.998 for all analytes. Mean intra- and inter-day precision (relative standard deviation %) for all compounds were 8.4 and
8.3%, respectively, and mean accuracy (% of deviation from nominal level) was 3.9%. Extraction recovery ranged within 93 and 105% for all
drugs analysed. This novel HPLC-MS methodology allows a specific, sensitive and reliable determination of DRV and 11 other antiretrovirals. In
our hand, it was used to measure DRV and ritonavir plasma concentration in HIV-positive patients, and it is now successfully applied for routine

therapeutic drug monitoring and pharmacokinetics studies.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Treatment of HIV infection relies on an association of
antiretrovirals drugs, including at least one protease inhibitor
(PD) or a non-nucleoside transcriptase inhibitor (NNRTI) and/or
one or more nucleoside or nucleotide transcriptase inhibitor
(NRTIs-NtRTT) and/or a fusion inhibitor (FI).

Selection of mutations in HIV genome conferring cross-
resistance to different compounds of each class is unfortunately
anotinfrequent occurrence. Therefore, there is the need of a new
therapeutic tools able to overcome the extensive class resistances
observed in multi-treated patients [1].

Darunavir (Prezista™), formerly known as TMC114, is a
new and promising PI active against HIV strains resistant to
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other currently available PIs [2-5]. It is administered 600 mg
two times a day in association with 100 mg of ritonavir (RTV,
Norvir™) as a booster. Darunavir (DRV) is a key component
of many salvage therapies in multiexperienced patients. This
compound was licensed in June 2006 in the United States and
in February 2007 in European Union.

Accurate measurement of PIs and NNRTIs plasmatic lev-
els is crucial for pharmacokinetic/pharmacodynamic analyses,
drug—drug interaction studies, and therapeutic drug monitor-
ing (TDM). The latter is currently considered a useful tool for
the optimisation of antiretroviral therapy in most international
guidelines [6-9].

Knowledge of pharmacokinetics (PK) of DRV in the clinical
setting, namely pharmacokinetic/pharmacodynamic properties
and drug interaction profile, is still limited due to the recent
availability of this compound. Therefore, PK studies of DRV
are requested in order to define the possible role of TDM of this
drug in the clinical context.
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Aim of our study was to develop and validate an HPLC-MS
analytical tool for the simultaneous quantification of DRV and
most used NNRTIs and PIs, including RTV and other 11 com-
pounds.

2. Experimental
2.1. Chemicals

The compounds were kindly obtained from the following
pharmaceutical companies: nevirapine (NVP) and tipranavir
(TPV) from Boehringer Ingelheim Pharmaceuticals, Inc.
(Ridgefield, CT, USA); efavirenz (EFV) and atazanavir (ATV)
from Bristol Myers Squibb Company (Princeton, NJ, USA);
indinavir (IDV) from Merck Sharp & Dohme-Chibret Labs.
(West Point, PA, USA); amprenavir (APV) from GlaxoSmithK-
line (Brentford, UK); darunavir (DRV) from Tibotec (Mechelen,
Belgium); saquinavir (SQV) from Roche (Mannheim, Ger-
many); nelfinavir (NFV) and M-8 from Pfizer Inc. (Groton,
CT, USA); lopinavir (LPV) and ritonavir (RTV) from Abbott
Laboratories (IL, USA).

Acetonitrile HPLC grade and methanol HPLC grade were
purchased from J.T. Baker (Deventer, Holland). HPLC grade
water was produced with Milli-DI system coupled with a Syn-
ergy 185 system by Millipore (Milan, Italy). Quinoxaline (QX)
and formic acid were obtained from Sigma-Aldrich (Milan,
Italy). Blank plasma from healthy donors was kindly sup-
plied by the Blood Bank of Maria Vittoria Hospital (Turin,
Italy).

2.2. Stock solutions, standards (STD) and quality controls
(QC)

DRV, NVP, IDV, APV, SQV, M-8, NFV, ATV and stock solu-
tions were made in a solution of methanol and HPLC grade water
(90:10), and EFV, RTV and LPV were made in a solution of
methanol and HPLC grade water (95:5) to obtain a final concen-
tration of 1 mg/ml; TPV stock solution was made with methanol
to obtain a concentration of 10 mg/ml; all stock solutions were
then refrigerated at 4 °C until use, within 1 month.

Working solution of Internal Standard (IS) was made with
QX (0.625 pg/ml) in methanol and HPLC grade water (50:50,
v/v) and stored at 4 °C until use.

The highest calibration standard (STD 9) and three quality
controls (QCs) were prepared adding a determined volume of
stock solutions to blank plasma; the others STDs were prepared
by serial dilution from STD 9 to STD 1 with blank plasma, to
obtain nine different spiked concentrations plus a blank sample
(STD 0).

Calibration ranges, from STD 9 to STD 1, and QCs concen-
trations for all drugs are listed in Table 1.

STDs, QCs and patient samples underwent to heat inactiva-
tion procedure for HIV (35 min at 58 °C), and then stored at
—20°C until analyses, avoiding more then three freeze—thaw
cycles, and not more than 3 months.

In this condition, NVP, IDV, APV, SQV, M-8, NFV, ATV,
EFV, RTV, LPV and TPV have been demonstrated to be stable

Table 1
Concentrations of STD 9, STD 1 (LOQ), QCs (QC high, QC medium and QC
low) and LOD

Drugs Concentrations (ng/ml)

STD 9 STD 1/LOQ QChigh QC medium QClow LOD
IDV 8,000 31.2 6,000 1500 150 15.6
NVP 8,000 31.2 6,000 1500 150 15.6
M-8 4,000 15.6 2,000 500 50 7.8
NFV 8,000 31.2 4,000 1000 100 15.6
SQV 7,000 27.3 4,000 1000 100 13.6
ATV 6,000 23.4 4,000 1000 100 11.7
APV 10,000 39.1 8,000 2000 200 19.5
DRV 10,000 39.1 8,000 2000 200 19.5
RTV 2,500 9.8 2,000 500 50 49
LPV 15,000 58.6 10,000 2500 250 29.3
EFV 8,000 31.2 6,000 1500 150 15.6
TPV 45,000 175.8 25,000 6250 625 87.9

[10-13], therefore no further stability evaluation was carried out.
Stability assay was performed only for DRV.

2.3. Chromatographic and MS conditions

The HPLC-MS instrument used was a Waters system (Milan,
Italy), with binary pump model 1525, AF degasser, 717-
plus autosampler, and Micromass ZQ mass detector. LC-MS
Empower Pro software (version year 2002, Waters; Milan, Italy)
was used.

Chromatographic separation was performed at 35 °C using a
column oven, on Atlantis dC-18 3 column (150 mm x 2.1 mm
i.d.) (Waters; Milan, Italy), protected by a Security Guard with
C-18 (4.0mm x 3.0mm i.d.) pre-column (Phenomenex; CA,
USA).

Chromatographic run was performed with a gradient
(Table 2), and the mobile phase was composed by Buffer A
(HPLC grade water + 0.05% formic acid) and Buffer B (HPLC
grade acetonitrile + 0.05% formic acid).

Detector settings were ESI, positive polarity ionization
(except for EFV which was detected by negative polarity
ionization, in the same run simultaneously using instanta-
neous switching); capillary voltage 3.5 kV; source temperature

Table 2

Chromatographic condition (gradient): mobile phase: Buffer A (HPLC grade
water +0.05% formic acid) and Buffer B (HPLC grade acetonitrile +0.05%
formic acid)

Time (min) % Buffer A % Buffer B Flow (ml/min)
0.0 59 41 0.25
0.1 59 41 0.25
4.0 40 60 0.25
9.0 30 70 0.25
9.5 25 75 0.25
9.6 5 95 0.25

14.0 5 95 0.25

14.1 100 0 0.25

15.0 100 0 0.25

15.1 60 40 0.25

25.0 60 40 0.25
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Table 3

Drugs retention times, ions detected, cone voltages and ionization typologies

Drugs Retention time (min) Tons detected (m/z) Cone voltage (V) Tonization
IDV 34 +£0.1 614.40 33 +
NVP 3.6 £0.1 267.20 33 +
M-8 53+£0.1 584.35 33 +
IS 89 £ 0.1 313.30 50 +
NFV 10.6 £ 0.1 568.30 32 +
SQV 10.9 £ 0.1 671.35 37 +
ATV 119 £ 0.1 705.40 33 +
APV 124 £ 0.1 506.30 18 +
DRV 124 £ 0.1 548.30 18 +
RTV 159 £ 0.1 580.35 23 +
LPV 16.5 £ 0.1 629.40 25 +
EFV 16.7 £ 0.1 314.40 25 -
TPV 18.5 £ 0.1 603.22 28 +

110 °C; desolvation temperature 350 °C; nitrogen desolvation
flow 800 1/h; nitrogen cone flow 100 1/h.

Ions detected, cone voltages and ionization typologies for
each drug are listed in Table 3.

2.4. STD, QC and samples preparation

Patients receiving standard dosing of Prezista™ and
Norvir™, 600 + 100 mg bis in die (BID), underwent blood sam-
pling after obtaining their informed consent for the measurement
of plasma DRV and RTV concentrations. Blood samples were
collected in lithium heparin tube (7 ml), plasma was obtained
after centrifugation at 1400 x g (3000 rpm) for 10 min at +4 °C
(Jouan Centrifuge, Model BR4i, Saint-Herblain, France) and
then underwent to heat inactivation, as described above. To avoid
thawing cycles each patient plasma sample was aliquoted into
two 300 pl criovials.

Extraction method developed was based on protein
precipitation: 600wl of protein precipitation solution
(methanol:acetonitrile [50:50]) was added to 50 pl of plasma
sample and 40 pl of Internal Standard Working Solution in a
PTFE (polytetrafluoroethylene; Teflon) microfuge tube, then
the tube was vortexed for 30s and centrifuged at 13,000 x g
(12,000 rpm) for 10 min at 4 °C.

Two hundred microliters of supernatant were then transferred
to a glass vial, diluted with 200 .l of HPLC grade water and
briefly vortexed; 40 wl of this solution was injected into the
column.

All analyses were performed in duplicate, only for our val-
idation assay, and all procedure steps were carried out at room
temperature.

2.5. Specificity and selectivity

Interference from endogenous compounds was investigated
by analysis of five different blank plasma samples. Potential
interference by antiretroviral drugs concomitantly administered
to the patients was also evaluated by spiking blank plasma
with them. These included: zidovudine (AZT), didanosine
(ddI), stavudine (d4T), lamivudine (3TC), abacavir (ABV),

tenofovir (TDF), emtricitabine (FTC) and enfuvirtide (T-20);
other concomitant drugs were also investigated: acetylsali-
cylic acid, amodiaquine, amoxicillin, atorvastatin, caspofungin,
ceftazidime, ciprofloxacin, clavulanic acid, enalapril maleate,
furosemide, insulin, levofloxacin, nimesulide, omeprazole,
paracetamol, pravastatin and ribavirin.

An “interfering drug” has been considered as a molecule
which exhibits a retention time close to 0.3 min from the ana-
lytes, and with the potential capability to cause ion suppre-
ssion.

2.6. Matrix effect

“Matrix effect” was investigated using five different blank
plasma and comparing peak areas obtained from standard solu-
tions of solution of water, methanol and acetonitrile (50:25:25),
containing all our analytes at three different concentrations,
and peak areas obtained from blanks post-extraction solution
with the same amount of analytes, as described by Taylor
[14].

Possible “matrix effect” was calculated, as deviation %, com-
paring the peak area obtained from the plasma extract with the
peak area obtained from the standard solution.

2.7. Accuracy, precision, calibration and limit of
quantification

Intra-day and inter-day accuracy and precision were deter-
mined by assaying six spiked plasma samples at three different
concentrations (QCs) for each drug. Accuracy was calculated as
the percent deviation from the nominal concentration. Inter-day
and intra-day precision were expressed as the standard deviation
at each QC concentration.

Each calibration curve was obtained using nine -cali-
bration points in duplicate, and the ranges are listed in
Table 1.

Calibration curves were created by plotting the peak area
ratios of each drugs relative to the IS against the various drugs
concentrations in the spiked plasma standards. A 1/X weighted
quadratic regression was used for all curves.
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The limit of detection (LOD) in plasma was defined as the
concentration that yields a signal-to-noise ratio of 3/1. Percent
deviation from the nominal concentration (measure of accuracy)
and relative standard deviation (measure of precision) of the
concentration considered as the limit of quantification (LOQ)
had to be <20%, and it was considered the lowest calibration
standard, as requested by FDA [15].

2.8. Recovery

Recovery from plasma, using the extraction procedures, was
assessed by comparing the peak area obtained from multiple
analyses of spiked samples (QCs) with the peak area from stan-
dard solution of all analytes in a solution of water, methanol and
acetonitrile (50:25:25) at the same concentrations.

2.9. Stability

The stability of NNRTIs and PIs at different conditions has
been previously assayed in many articles, but data about DRV
stability were not fully available [10-13,16].

For this reason, stability assays were conducted only for
DRV in different matrixes: stock solution, plasma and the post-
extracted solution.

For stock solution, peak area of each drug obtained from
fresh stock solution was compared to peak area obtained after
3 months storing at 4 °C. For plasma, peak area obtained from
extraction at three different concentrations (fresh QCs) was com-
pared to those obtained after 3 months storing at —20°C, and
after heat inactivation. For post-extracted solution, peak area
obtained from extracted QCs at three different concentrations
was compared to those obtained after 24 h storing at room tem-
perature.

3. Results

Our analyte retention times are shown in Table 3. APV and
DRV eluted at the same retention time, due to their similar chem-
ical structure and physiochemical properties, but this coelution
did not affect the quantification of two drugs.

Representative chromatograms of a blank plasma extracted
and STD 1 are shown in Fig. 1. Mean regression coefficient (%)
of all calibration curves was more than 0.998. A 1/X weighted
quadratic regression was chosen due to its 7> higher than other
equations, and to the fact that it gave more weight to low cali-
bration points, curve region where the greater number of Cyrough
concentrations were expected.

3.1. Specificity and selectivity

The assay did not show any significant interference with
antiretrovirals or other concomitant drugs taken at therapeutic
dosage by patients (see Section 2.5).

The tested five blank plasma did not show any interference
in the retention times analytes windows for each specified ion
detected (Fig. 1).

3.2. Accuracy, precision, limit of quantification

Results of the validation of the methods are listed in Table 4
for all analytes. All observed data (intra-day and inter-day
precision [R.S.D.%]) were below 15.0%, according to FDA
guidelines [15].

Coelution of DRV and APV did not alter the quantification
of two drugs. Performance of the assay was tested in tripli-
cates and similar results were obtained using calibrators and
QCs containing both of them or DRV only (data not shown).

LOQ and LOD are listed in Table 1.

3.3. Recovery

Multiple aliquots (n=6) at each of the three QCs concentra-
tion were assayed and mean recovery of all drugs ranged from
93 to 110%.

Mean recovery of DRV and APV (107.4 and 103.5%) was
not affected by their coelution and it was tested in triplicates
using one set of QCs and standards containing both drugs and
other two sets with DRV only, as described above.

3.4. Analysis of samples from treated patients

Our method was applied for assaying of 81 sam-
ples, corresponding t0 Cirough, Cmax, and other points of
time—concentration curve, obtained from 30 patients adminis-
tered with DRV and RTV.

Mean Cyougn observed for DRV was 3705 ng/ml and the
lowest Cirough value for DRV and RTV was 40 and 44 ng/ml,
respectively. Mean Cp,x observed for DRV was 6371 ng/ml and
the highest Crax for DRV and RTV was 7721 and 1175 ng/ml,
respectively. Such values resulted in the expected range of con-
centrations according to previous phase II reports [17].

3.5. Matrix effect

The deviation % of the peak area at the three concentrations
for all analytes is comparable, ranging from —15.1 to —2.7%,
showing absence of “matrix effect”. Moreover, “matrix effect”
for DRV is smaller than 7.7% at all three concentrations.

3.6. Stability

DRV showed to be stable in all tested condition; relative
standard deviation (R.S.D.) % of peak area was 5.9% for stock
solution at 4 °C for 3 months, 3.9% for plasma at —20 °C for 3
months, 5.3% in plasma after heat inactivation and 2.7% in the
extraction solution at room temperature for 24 h.

4. Discussion

The use of inhibitors of HIV-1 protease as a component of
highly active antiretroviral therapy in patients with HIV infec-
tion has been shown to achieve durable virological suppression
as well as to decrease the considerable morbidity and mortal-
ity associated with HIV disease [18-20]. As a result, PIs have
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Fig. 1. Overlapping of SDT1 and blank plasma extracted ions detection.
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Fig. 1. (Continued ).

become cornerstones in the treatment of HIV infection, partic-
ularly in patients with a long history of antiretroviral therapy.
However, the emergence of drug-resistant HIV-1 strains contin-
ues to jeopardize the efficacy of existing anti-HIV medications,
and the need to develop novel therapies with activity against
resistant virus is of increasing importance.

TDM has become an essential tool for the management of
HIV-positive patients. Measurement of antiretroviral plasma
concentrations can be useful in several clinical setting, such as
management of side effects, optimisation of efficacy, metabolic
impairment and drug—drug interaction [6-9].

Clinical usefulness of TDM of DRV has not been yet fully
evaluated, however measurement of DRV plasma levels could
be a tool for management of special populations and for phar-
macokinetic studies.

For the screening and quantification of DRV and many other
antiretroviral agents in HIV-infected patients, a novel analytical
method was developed using liquid chromatography with mass
spectrometry technology. Other UV, LC-MS and LC-MS/MS
methods for simultaneously measuring of PIs and NNRTIs
antiretroviral agents have been reported [10-13,21-29], and
only one is able to assaying DRV [16].

Table 4
Accuracy (%), intra-day and inter-day precision (R.S.D.%) assayed for all drugs (n=06)
Drugs QC high QC medium QC low

Accuracy (%) Precision (R.S.D.%) Accuracy (%) Precision (R.S.D.%) Accuracy (%) Precision (R.S.D.%)

Intra-day Inter-day Intra-day Inter-day Intra-day Inter-day

IDV —0.8 8.0 11.0 3.0 6.3 11.5 34 7.8 79
NVP —-1.6 8.3 7.7 0.6 3.4 5.1 10.3 6.7 74
M-8 1.0 53 7.2 1.5 47 9.8 72 5.7 11.6
NFV 2.4 4.2 5.7 1.8 39 13.6 8.3 9.2 124
SQvV 7.6 6.6 6.3 6.6 2.7 9.9 11.6 35 6.8
ATV 1.2 7.2 8.2 1.9 52 10.3 124 8.9 114
APV -1.7 6.5 5.0 —-1.2 34 59 10.0 2.8 39
DRV 2.5 4.8 7.0 1.1 39 55 8.0 49 7.4
RTV 7.4 5.2 8.9 14 43 8.5 5.9 7.4. 8.9
LPV -2.5 6.7 7.5 7.3 59 13.5 12.9 0.9 2.4
EFV 0.6 9.1 8.9 2.0 13.7 12.7 4.6 59 5.8
TPV —6.2 6.7 8.7 3.0 4.6 8.7 9.5 8.7 8.7
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In our method, all analytes, detected with positive polarity
ionization, are precursor ions M+ H™, resulted from the addic-
tion of a proton to form the charged molecular ion, except for
RTYV, which has a molecular weight of 721 m/z but it has been
detected at 580.35 m/z, at RTV retention time (ion son) with the
best sensitivity. A explanation for the ion formation has been
described by Notari et al. [26].

Calibration curves included a wide range of PI and NNRTI
concentrations. Choice of limits of these ranges was based on
the highest values reported in the clinical reports and pharma-
cokinetic studies, except for TPV, for which that was monitored
only for Cyrough range [17,30-32].

Reliability, costs, difficulty of performance and reproducibil-
ity are key points of measurement of drug plasma concentrations.
Our protein precipitation/HPLC-MS method showed to be sim-
ple, reliable, sensitive, low cost and rapid to perform. Reliability
of our method has been demonstrated for all analyte concentra-
tions analysed.

Relative error at QC concentrations, intra-day and inter-day
precision (Table 4) support accuracy and precision of our pro-
cedure.

Absence of interference peaks at the analyte retention times,
with the overlapping of DRV and APV without “matrix effect”,
allowed accurate measurement of drugs plasma levels, also in
patients administered with several concomitant drugs.

The protein precipitation method showed to be easy to per-
form and poor expensive, showing reliability and ruggedness.

As compared to recently published assay of Ter et al., our
method, despite a longest chromatographic run to achieve ana-
lytes separation, showed to require lowest plasma volume (50 pl
versus 100 ul); a single, easy to buy and cheap, L.S. (quinox-
aline versus D5-saquinavir, D6-indinavir, 13C6-efavirenz and
dibenzepine); and a less expensive instrumentation (single mass
versus tandem mass). Moreover, only in our work long-term
stability of DRV was evaluated and measurements of plasmatic
concentrations in clinical samples were done.

5. Conclusion

The HPLC-MS method described allowed accurate and
reproducible simultaneous quantification of DRV and other 11
antiretroviral agents in small volumes (50 wl) of plasma by a
single assay. High extraction efficiency and low limit of quan-
tification make this a suitable method for use in clinical trials
and for TDM of PIs and NNRTIs. This method is now success-
fully applied for our routine therapeutic drug monitoring and
pharmacokinetics studies in HIV-infected patients.

References

[1] B.O. Taiwo, C.B. Hicks, AIDS Read. 17 (2007) 151.

[2] S.de Meyer, H. Azijn, D. Surleraux, D. Jochmans, A. Tahri, R. Pauwels, P.
Wigerinck, M.-P. de Béthune, Antimicrob. Agents Chemother. 49 (2005)
2314.

[3] C. Katlama, R. Esposito, J.M. Gatell, J.C. Goffard, B. Grinsztejn, A. Poz-
niak, J. Rockstroh, A. Stoehr, N. Vetter, P. Yeni, W. Parys, T. Vangeneugden,
AIDS 21 (2007) 395.

[4] A.Y. Kovalevsky, Y. Tie, F. Liu, PI. Boross, Y.F. Wang, S. Leshchenko,
A K. Ghosh, R.W. Harrison, I.T. Weber, J. Med. Chem. 49 (2006) 1379.

[5] E. Poveda, F. Blanco, P. Garcia-Gasco, A. Alcolea, V. Briz, V. Soriano,
AIDS 20 (2006) 1558.

[6] D. Back, G. Gatti, C. Fletcher, R. Garaffo, R. Haubrich, R. Hoetelmans,
M. Kurowski, A. Luber, C. Merry, C.F. Perno, AIDS 16 (Suppl. 1) (2002)
Ss.

[7] D. Back, S. Gibbons, S. Khoo, Ther. Drug Monit. 28 (2006) 468.

[8] B. Gazzard, HIV Med. 6 (Suppl. 2) (2005) 1.

[9] B. Gazzard, A.J. Bernard, M. Boffito, D. Churchill, S. Edwards, N. Fisher,
AM. Geretti, M. Johnson, C. Leen, B. Peters, A. Pozniak, J. Ross, J. Walsh,
E. Wilkins, M. Youle, HIV Med. 7 (2006) 487.

[10] K.M. Crommentuyn, H. Rosing, L.G. Nan-Offeringa, M.J. Hillebrand,
A.D. Huitema, J.H. Beijnen, J. Mass Spectrom. 38 (2003) 157.

[11] K.M. Crommentuyn, H. Rosing, M.J. Hillebrand, A.D. Huitema, J.H. Bei-
jnen, J. Chromatogr. B: Anal. Technol. Biomed. Life Sci. 804 (2004)
359.

[12] C. Marzolini, A. Beguin, A. Telenti, A. Schreyer, T. Buclin, J. Biollaz,
L.A. Decosterd, J. Chromatogr. B: Analyt. Technol. Biomed. Life Sci. 774
(2002) 127.

[13] M.L. Turner, K. Reed-Walker, J.R. King, E.P. Acosta, J. Chromatogr. B:
Analyt. Technol. Biomed. Life Sci. 784 (2003) 331.

[14] PJ. Taylor, Clin. Biochem. 38 (2005) 328.

[15] Center for Drug Evaluation and Research of the U.S. Department of Health
and Human Services Food and Drug Administration, 2001.

[16] H.R. ter Heine, C.G. Alderden-Los, H. Rosing, M.J. Hillebrand, E.C. van
Gorp, A.D. Huitema, J.H. Beijnen, Rapid Commun. Mass Spectrom. 21
(2007) 2505.

[17] Boehringer Ingelheim, Investigator Brochure 2002.

[18] R.M. Gulick, J.W. Mellors, D. Havlir, J.J. Eron, A. Meibohm, J.H. Con-
dra, F.T. Valentine, D. McMahon, C. Gonzalez, L. Jonas, E.A. Emini, J.A.
Chodakewitz, R. Isaacs, D.D. Richman, Ann. Intern. Med. 133 (2000) 35.

[19] EJ. Palella Jr., K.M. Delaney, A.C. Moorman, M.O. Loveless, J. Fuhrer,
G.A. Satten, D.J. Aschman, S.D. Holmberg, N. Engl. J. Med. 338 (1998)
853.

[20] R. Swanstrom, J. Erona, Pharmacol. Ther. 86 (2000) 145.

[21] S.O. Choi, N.L. Rezk, A.D. Kashuba, J. Pharm. Biomed. Anal. 43 (2007)
1562.

[22] E. Dailly, F. Raffi, P. Jolliet, J. Chromatogr. B: Analyt. Technol. Biomed.
Life Sci. 813 (2004) 353.

[23] L. Dickinson, L. Robinson, J. Tjia, S. Khoo, D. Back, J. Chromatogr. B:
Analyt. Technol. Biomed. Life Sci. 829 (2005) 82.

[24] W. Egge-Jacobsen, M. Unger, C.U. Niemann, M. Baluom, S. Hirai, L.Z.
Benet, U. Christians, Ther. Drug Monit. 26 (2004) 546.

[25] B. Fan, M.G. Bartlett, J.T. Stewart, Biomed. Chromatogr. 16 (2002)
383.

[26] S. Notari, C. Mancone, M. Tripodi, P. Narciso, M. Fasano, P. Ascenzi, J.
Chromatogr. B: Analyt. Technol. Biomed. Life Sci. 833 (2006) 109.

[27] S. Notari, A. Bocedi, G. Ippolito, P. Narciso, L.P. Pucillo, G. Tossini, R.P.
Donnorso, F. Gasparrini, P. Ascenzi, J. Chromatogr. B: Analyt. Technol.
Biomed. Life Sci. 831 (2006) 258.

[28] K.M. Rentsch, J. Chromatogr. B: Analyt. Technol. Biomed. Life Sci. 788
(2003) 339.

[29] N.L. Rezk, R.D. Crutchley, R.F. Yeh, A.D. Kashuba, Ther. Drug Monit. 28
(2006) 517.

[30] A. D’Avolio, M. Sciandra, M. Siccardi, L. Baietto, D.G. de Requena, S.
Bonora, P.G. Di, J. Chromatogr. B: Analyt. Technol. Biomed. Life Sci. 848
(2007) 374.

[31] B.S. Kappelhoff, K.M. Crommentuyn, M.M. de Maat, J.W. Mulder, A.D.
Huitema, J.H. Beijnen, Clin. Pharmacokinet. 43 (2004) 845.

[32] Tibotec, TMC114 Investigator Brochure 2006.



	HPLC-MS method for the simultaneous quantification of the new HIV protease inhibitor darunavir, and 11 other antiretroviral agents in plasma of HIV-infected patients
	Introduction
	Experimental
	Chemicals
	Stock solutions, standards (STD) and quality controls (QC)
	Chromatographic and MS conditions
	STD, QC and samples preparation
	Specificity and selectivity
	Matrix effect
	Accuracy, precision, calibration and limit of quantification
	Recovery
	Stability

	Results
	Specificity and selectivity
	Accuracy, precision, limit of quantification
	Recovery
	Analysis of samples from treated patients
	Matrix effect
	Stability

	Discussion
	Conclusion
	References


