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bstract

A simple method for the quantification of tipranavir, the first non-peptidic HIV protease inhibitor, was developed and validated. Quinoxaline,
s internal standard, was added to 50 �l of plasma before a liquid–liquid extraction by 600 �l of protein precipitation solution. The extracts were
iluted before being injected in the chromatographic system. Chromatographic separation was made on a C18 column using potassium phosphate
uffer (pH 3.2) and acetonitrile with gradient. Detection was performed by an UV detector at 260 nm. Relative error at three control quality
oncentrations ranged from −1.81 to 1.72%. Intra-day (CV%) and inter-day (CV%) precision ranged from 0.94 to 2.55% and from 3.07 to 4.24%,

espectively. LOQ and LOD were 0.090 �g/ml and 0.035 �g/ml, respectively. Mean recovery was 87.1% ± 2.4%. Calibration curve was linear up to
80 �g/ml. Concentration range when optimized (0.703–180 �g/ml) proved to be adequate to measure tipranavir concentration in HIV-1-positive
atients, therefore this method could be suitable for therapeutic drug monitoring of this drug.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Tipranavir (TPV) is the first non-peptidic protease inhibitor
PI) licensed for the treatment of HIV-1 infection. It showed to
e active also in patients with extensive previous PI experience,
ho have accumulated broad cross-resistance to the compounds
f this class [1]. It is recommended, at the dose of 500 mg
oosted with ritonavir 200 mg twice daily (bid). Such boosting
s essential to achieve appropriate TPV plasma concentrations.
he selection of resistance to TPV requires the accumulation
f a high number of mutations in the HIV protease gene, [2],
herefore it can be still active as a component of many salvage
egimens.

From a pharmocokinetic/pharmacodynamic viewpoint, TPV
rough concentration of 12 �g/ml, 10-fold higher than the
edian IC90 of resistant HIV strains, was suggested as the
inimum value associated with optimal antiviral efficacy [3].
s TPV is extensively metabolised by the isoform 3A4 of the

∗ Corresponding author. Tel.: +39 011 4393996; fax: +39 011 4393882.
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epatic cytochrome P450, a metabolic pathway known for high
nter-individual variability, in the clinical setting some patients
ould not reach this target concentration value [4].

TPV is also a P-glycoprotein (P-gp) substrate, a weak P-gp
nhibitor, and also a potent P-gp inducer, resulting in a net P-
p inducing effect of TPV/ritonavir (TPV/r) at steady state [5].
s a result, TPV/r has a somewhat more complex pattern of
rug interactions than other PIs. Combining amprenavir (APV),
opinavir (LPV) or saquinavir (SQV) with TPV/r is currently
ot recommended, because a clinically significant decrease of
lasma levels of the co-administered drugs was observed [5].

Therapeutic drug monitoring (TDM) of anti-HIV drugs, espe-
ially of PIs and non-nucleoside reverse transcriptase inhibitors
NNRTIs), has been shown to be a useful tool for the manage-
ent of antiretroviral therapy [6–8]. In this context, TDM should

e even more important for TPV-containing salvage therapy, due
o the crucial interplay between plasma concentrations and resis-
ance mutations to achieve virological response [9], and to the

otential for drug–drug interaction.

Some quantification methods for TPV, using separation by
PLC and detection by UV or electrospray ionisation tandem
ass spectrometry, have already been described [10–13].

mailto:antodav@inwind.it
dx.doi.org/10.1016/j.jchromb.2006.10.030
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Therefore, our aim was to develop a rapid, sensitive, precise,
ugged and accurate HPLC method for measurement of TPV
oncentration in clinical plasma samples.

. Materials and methods

.1. Chemicals

TPV was kindly provided by Boehringer Ingelheim (Ridge-
eld, CT, USA). Methanol, quinoxaline, ortho-phosphoric acid
nd potassium dihydrogen phosphate were obtained from
igma–Aldrich (Milan, Italy). Acetonitrile was obtained from
.T. Baker (Deventer, Holland). HPLC-grade water was pro-
uced with a Milli-DI system by Millipore (Milan, Italy). Plasma
rom healthy donors was kindly supplied by the Blood Bank of

aria Vittoria Hospital (Turin, Italy).

.2. Materials and chromatographic conditions

The HPLC system used to assay TPV consisted of a pump
odel 515, an 717 autosampler, and 2487 UV detector (Waters,
ilan, Italy). The detector was operated at a wavelength

f 260 nm. A Pump Control Module (PCM) interface and
illenium32 software (Version 3.20, Waters) were used for man-

gement of the HPLC system.
Chromatographic separation was performed by a Luna 5 �

18 column (150 mm × 4.6 mm i.d., Phenomenex, CA, USA),
rotected by a SecurityGuard with C18 (4.0 mm × 3.0 mm i.d.,
henomenex), at 45 ◦C using a column thermostat TS130 (Phe-
omenex).

The run was performed at 1 ml/min, the mobile phase was
omposed of Buffer A (KH2PO4 50 mM with ortho-phosphoric
cid, final pH 3.23) and acetonitrile, and the gradient was:
rom 0.0 to 1.0 min 50% Buffer A and 50% acetonitrile, from
.0 to 4.0 min there was a linear increment of acetonitrile to
0% and from 4.0 to 6.0 min to 75%. This condition was con-
erved until 9.5 min, then from 10.0 to 14.0 min in the initial
ondition.

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

A stock solution of TPV was prepared in methanol:water
95:5) with a final concentration of 10 mg/ml and stored at
20 ◦C until use no more than 2 months [11]. The highest con-

entration point of the calibration curve was 180 �g/ml (STD
) and was prepared by addition of 180 �l of the stock solution
n 10 ml of drug-free plasma. Quality controls (QCs) were pre-
ared in the same way, with concentrations of 100 (QC 1), 25
QC 2) and 2.5 �g/ml (QC 3).

STDs were prepared by serial dilution from 180 (STD 9) to
.703 �g/ml with drug-free plasma, to obtain 9 different spiked
oncentrations plus a blank sample.
STDs, QCs and patient samples underwent heat inactivation
or HIV (35 min at 58 ◦C), stored at −20 ◦C until analyses, and
sed within 2 months [11]. In this condition, TPV was shown to
e stable, also after samples inactivation [10,11].
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The calibration curve included a wide range of TPV con-
entrations. The choice of this range was based on the values
eported in previous clinical studies [5,14–16].

The quinoxaline stock solution was made in methanol:water
95:5) at a final concentration of 1 mg/ml and stored at 4 ◦C until
se. The Internal Standard (IS) working solution was made in
ethanol:water (50:50) at final concentration of 7.5 �g/ml.

.4. Clinical samples, standards and QCs processing

Blood samples, collected in lithium heparin tube (7 ml), were
btained from HIV-positive patients administered with TPV at
tandard doses. To avoid thawing cycles each patient plasma
ample was aliquoted into two criovials of 300 �l.

Plasma was collected after centrifugation at 1400 × g
3000 rpm) for 10 min at +4 ◦C (Jouan Centrifuge, Model BR4i,
aint-Herblain, France) and then undergone heat inactivation,
s described above.

Six hundred microlitres of protein precipitation solution
methanol:acetonitrile [50:50]) and 40 �l of IS working solu-
ion were added to 50 �l aliquot of plasma samples, in a PTFE

icrofuge tube. After vortexing for 30 s, the mixture was cen-
rifuged at 12,000 rpm for 10 min at 4 ◦C. A volume of 300 �l of
upernatant was transferred to a glass vial, diluted with 300 �l
f water:acetonitrile (50:50) and then 100 �l were injected into
he HPLC column. All analyses were performed in duplicate,
nd all procedure steps were carried out at room temperature.

.5. Specificity and selectivity

Interference from endogenous compounds was investigated
y the analysis of five different blank plasma samples. Poten-
ial interference by antiretroviral drugs concomitantly admin-
stered to the patients was also evaluated spiking plasma.
hese included: nucleoside or nucleotide reverse transcriptase
IV inhibitors (zidovudine, didanosine, stavudine, lamivudine,

bacavir, tenofovir), non-nucleoside reverse transcriptase HIV
nhibitors (nevirapine, efavirenz), fusion inhibitor (enfuvirtide)
nd protease inhibitors (saquinavir, nelfinavir and its active
etabolite M-8, indinavir, amprenavir, atazanavir, ritonavir,

opinavir). Other concomitant drugs were also investigated (see
able 1).

.6. Accuracy, precision, and limit of quantification

Intra-day and inter-day accuracy and precision of the method
ere determined by assaying 10 spiked plasma samples at three
ifferent concentrations (QCs). Accuracy was calculated as the
ercent deviation from the nominal concentration. Inter-day and
ntra-day precision were expressed as the standard deviation at
ach QC concentration.

The calibration curve was obtained using 9 calibration points
n duplicate, ranging from 0.703 to 180 �g/ml, and considering

nalyte-to-IS area peaks ratio.

The limit of detection (LOD) in plasma was defined as the
oncentration that yields a signal-to-noise ratio of 3/1. Percent
eviation from the nominal concentration (measure of accuracy)
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Table 1
Concomitant drugs administered to the patients

Antitubercoulous Antidepressant/benzodiazepines Antiacid Lipid lowering Others

Ethambutol Alprazolam Esomeprazole Atorvastatin Acetilsalicilic acid Levotiroxine
Isoniazide Bromazepam Omeprazole Bezafibrate Amoxicillin Loperamide
Piridoxin Citalopram Ranitidine Fenofibrate Atenolol Metformin
Rifabutin Clonazepam Pravastatin Atovaquone Methadone
Rifampin Clordemetildiazepam Azitromicin Metronidazole

Desipramine Benzil-penicillin N-Acetil cystein
Lorazepam Candertesan cilexetil Nimesulide
Mirtazapine Clavulanic acid Paracetamol
Sertraline Co-trimoxazole Phenobarbital
Trazodone Diclofenac Pyrimethamine
Triazolam Ditiazem Ramipril
Zolpidem Enalapril maleate Repaglinide

Folic acid Tamsulosin
Gabapentin Telmisartan
Ganciclovir Ursodesossicolic acid
Glybenclamide Valacyclovir
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nd relative standard deviation (measure of precision) of the
oncentration considered as the limit of quantification (LOQ)
ad to be <20%.

.7. Recovery

Average recovery of TPV was determined by comparing the
eak area of the drug extracted from spiked plasma samples
100, 25, and 2.5 �g/ml) with those obtained by direct injection
f the same amount of drug.

.8. Stability

Since other authors previously showed that TPV was stable up
o 2 months, no stability study was conducted. All samples, STDs
nd QCs, were analysed within 2 months since their freezing
10–12].

. Results

Retention times of IS and TPV were 5.6 (±0.1) and 10.0
±0.1) min, respectively.

Representative chromatograms of the blank human plasma

xtract, LOQ and STD 7 are shown in Fig. 1. The calibration
urve was linear up to 180 �g/ml, with mean r2 = 0.999 (n = 10).
tandard curves were calculated by the equation Y = mX + c and
esulting Y = 0.0000292 (±0.0000001)X, where “c” = 0 (curve
orced through zero).

3

p
o

able 2
ummary of accuracy and precision during method validation at low, medium and hi

ominal concentration (�g/ml) Measured concentration (�g/ml) Accu

2.500 2.476 −0.96
25.000 25.432 1.72
00.000 98.180 −1.81

he analyses were performed in 10 different days. CV: coefficient of variation.
Iosartan Valproate
Lercanidipine Warfarin

.1. Specificity and selectivity

The assay did not show any significant interference by
ntiretroviral drugs, as listed in Section 2, and also by other
oncomitant drugs reported in Table 1.

There is no endogenous interference in blank plasma extract
see Fig. 1).

.2. Accuracy, precision, and limit of quantification

Results of validation of the method are shown in Table 2.
The relative error at three concentrations ranged from −1.81

o 1.72%. Intra-day (CV%) and inter-day (CV%) precision
anged from 0.94 to 2.55% and from 3.07 to 4.24%, respec-
ively.

LOQ and LOD were 0.090 and 0.035 �g/ml, respectively.

.3. Recovery

Multiple aliquots (n = 8) at each different concentration were
ssayed. Mean recovery of tipranavir at 100, 25 and 2.5 �g/ml
as 87.1 ± 2.4%.

.4. Analysis of samples from patients
Four hundred and fifty three samples obtained from 55
atients were analysed in duplicate. Overall blood samples were
btained along the whole dosing interval (Fig. 2). Mean ± S.D.

gh concentrations (n = 10)

racy (%) Inter-day precision CV (%) Intra-day precision CV (%)

4.24 2.55
3.36 0.94
3.07 1.93
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Fig. 1. Overlay chromatograms of a blank human plasma, LOQ level [0.0
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Fig. 2. Distribution of TPV concentrations over the dosing interval.

ipranavir plasma concentration was 44.909 ± 27.367 �g/ml.
aximum and minimum values were 145.618 and 0.598 �g/ml,

espectively.

. Discussion and conclusion

In our study, a new method to measure TPV plasma con-
entration was validated. As compared to previously published
ethods [10–13], our assay provides some technical and time

aving advantages.
Firstly, one of the published method is based on solid phase

xtraction with C18 columns [10]. We also tried to use, during
he development of the method, C18 columns (Lichrolut RP-18,
00 mg, 40–63 �m, Merck, Damstadt, Germany) with an extrac-

ion procedure similar to Colombo et al. [10], but we observed

lack of recovery (>20%, comparing SPE with liquid/liquid
xtraction) in 47% of patient samples. Possible reason of such
ccurrence was not investigated and this strategy was not further

d
i
w

90 �g/ml of tipranavir] and STD 7 [45 �g/ml of Tipranavir] (TPV).

onsidered in our procedure. Our liquid/liquid extraction proce-
ure did not compromise the specificity and selectivity, as shown
y the lack of neither endogenous nor exogenous interferences
n TPV retention time. Specificity was enhanced by detection at
avelength at 260 nm, avoiding also any possible interference.
oreover, this extraction procedure provided a good recovery

rom human plasma samples.
Another advantage related to the validation of our method

as the short duration of extraction time (15 min) and analysis
un time. In fact, IS and TPV peaks eluted in 5.6 and 10.0 min,
espectively, and the system was ready for a new analysis after
4 min, including wash and conditioning steps. These retention
imes are shorter than the ones reported in the previously pub-
ished methods [10,12,13]. Like Dailly et al., we preferred to not
se a drug as IS. Prazepam and clozapine, used as IS by Giraud
t al. and by Colombo et al., respectively, are licensed drugs and
an be potentially co-administered with TPV [10,12,13]. More-
ver, our IS is widely available and can be easily purchased.

The calibration curve of our method covered a wide range
f TPV concentrations. It included the highest TPV levels
bserved in patients and LOQ can quantify the lowest Ctrough
alues reported in the clinical setting [9,15,16]. In our patient
amples, observed mean ± S.D. TPV plasma concentration was
4.909 ± 27.367 �g/ml, and maximum and minimum values
ere 126.634 and 0.598 �g/ml, respectively. Our measure-
ents are slightly higher than few data previously obtained

n clinical trials [16] and will be part of a pharmacokinetic
ublication. The other published methods have a very limited
alibration range [10–13], ideally not able to cover the possi-
le range of concentrations that can be found in the clinical
etting.
Finally, our method produced good recovery, with low intra-
ay and inter-day CV% and the linearity of TPV standard curve
s excellent. Moreover, in our procedure TPV measurements
ere performed in duplicate and results were validate with
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DS% <15%. A 50 �l aliquot of plasma was used, a really small
mount as compared to other methods [10–13].

In conclusion, we validated a new liquid/liquid extraction
ethod coupled with HPLC-UV detection for the measurement

f TPV plasma concentrations. The method is simple to perform,
ccurate, cheap and rapid, warranting further evaluation as a tool
or TDM of TPV in the clinical setting.
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