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Abstract

An HPLC method previously described for the assay of amprenavir (APV), ritonavir (RTV), indinavir (IDV), saquinavir (SQV), nelfinavir
(NFV), lopinavir (LPV), atazanavir (ATV), nevirapine (NVP) and efavirenz (EFV) can be also conveniently applied, with minor gradient program
adjustment, for the determination of the novel non-peptidic HIV protease inhibitor tipranavir (TPV) in human plasma, by off-line solid-phase
extraction (SPE) followed by HPLC coupled with UV—diode array detection (DAD). After viral inactivation by heat, the plasma is diluted with
phosphate buffer (pH 7), and subjected to a SPE on a C18 cartridge. Matrix components are eliminated with a solution O, ¥lidion
neutralised to pH 7, and TPV is eluted with MeOH. The resulting eluate is evaporated and reconstitutegliM&@mH/H,O 50/50. A 4Qul
volume is injected onto a Nucleosil C18 AB column and TPV is analysed by UV detection at 201 nm using a gradient elution program constituted of
MeCN and phosphate buffer adjusted to pH 5.12 and containing 0.02% sodium heptanesulfonate. The calibration curves are linpaynnh to 75
with a lower limit of quantification of 0.12pg/ml. The mean absolute recovery of TPV is 7£4.0%. The method is precise with mean inter-day
coefficient of variations (CVs) within 2.2—3.4%, and accurate (range of inter-day deviations from 0.7 to 1.2%). The method has been validated anc
is currently applied to the monitoring of TPV plasma levels in HIV patients.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction TPV is predominantly metabolized by, and is at the same time
an inducer of cytochrome P450 3A4 (CYP3A4) enzyme. TPV
Tipranavir (TPV,Fig. 1) constitutes a novel class of non- is also a P-glycoprotein (P-gp) substrate, a weak P-gp inhibitor,
peptidic protease inhibitor (Pls) with activity against bothand appears to be also a potent P-gp inducer, resulting in a net
wild-type virus and variants resistant to current Pl and  P-gp inducting effect on TPV/r at steady stfté As a result,
is also characterized by a high genetic barf@r Chemically, = TPV/rhasasomewhat more complex pattern of drug interactions
TPV was developed from coumarin and sulfonamide templateshan other PIs. Combining amprenavir (APV), lopinavir (LPV)
and thus markedly departs structurally from all peptido-mimeticor saquinavir (SQV) with TPV/r is currently not recommended,
Pls developed at preseffl]. The approved dose of TPV is because a clinically significant decrease in the co-administered
500 mg in association with 200 mg of ritonavir (TPV/r) taken drugs exposure was obsenjddl.
twice daily as part of combination antiretroviral therapy for  Since increasing clinical evidences indicate that levels of
HIV-1 in heavily pre-treated patients having HIV-1 strains systemic exposure to Pls and non-nucleoside reverse tran-
resistant to multiple Pls. scriptase inhibitors (NNRTIs) correlate with efficacy as well
as with some of their adverse effects, Therapeutic drug mon-
- itoring (TDM) of PIs and NNRTIs may be useful to optimise
* Corresponding author. Tel.: +41 21 314 42 72; fax: +41213144288.  antiretroviral treatment. Numerous high performance liquid
E-mail address: LaurentArthur.Decosterd@chuv.hospvd.ch chromatography methods have been developed to quantify
(LA Decosterd). simultaneously the HIV Pls (i.e. indinavir (IDV), APV, SQV,

1 Present address: Division of Clinical Pharmacology, Vanderbilt University >, . . . . . .
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Table 1
Gradient elution program
Time (min) Solvent A (%) Solvent B (%) Solvent C (%)
0 15 85 -
2 30 70 -
8 32 68 -
10 35 65 -
12 40 60 -
~ 34 60 40 -
35 100 - -
36 10 - 90
40 10 - 90
Fig. 1. Tipranavir chemical structure. 41 33 34 33
42 46 54 -
42.5 15 85 -
[5-13] (list not exhaustive). To date however, two assays onlys0 15 85 -

have been reported for the quantiﬁcat.ion of TPV, one using ent (A) MeCN; solvent (B) PO, 0.1% + 0.2 g/l sodium heptanosulfonate
the LC tandem MS technolodt4], and just recently another (pH 5.12); solvent (C) MeCN +0.3% AcOH.

using by HPLC-UV after liquid—liquid extractigd 5].

We report here a simple and robust method for the assay ¢f,cleosil 100-fum C18 AB (Macherey-Nagel, ren, Ger-
TPV in human plasma, by offline solid-phase extraction (SPE}nany) and equipped with a guard column (8 mmmm 1.D.)
followed by HPLC coupled with UV-diode array detection fjjed with the same packing material.

(DAD), using the sample processing previously proposed forthe  The mopile phase was delivered at 1 mi/min and the gradient
first six marketed Pls, for EFV and NVB,6,16] This method  5y5gram conditions are given fable 1 Solvent A consisted of
provides an excellent separation of TPV from the prewouslypure MeCN. Solution B was prepared by adding 11.8 P&y
marketed HIV Pls and NNRTIs, enabling the accurate measurgy 104 and 0.2 g sodium heptanesulfonate to 988.2 5@ With
ment of TPV in any concomitant antiretroviral treatment. ThepH carefully adjusted to 5.12 with NaOH 10 N. The solvent C
HPLC method for TPV has the required level of sensitivity and,, a5 0.39% AcOH in MeCN. Solutions B and C were prepared
reproducibility for routine clinical application such as TDM. o o each series of analysis.

The HP-ChemStation A.06.03 software loaded on a Compagq

2. Materials and methods DeskPro EP 6/400c was used to pilot the HPLC instrument and
to process chromatographic data (area integration, calculation
2.1. Chemicals and plotting of chromatograms). In addition, the full-scan UV

spectrum of TPV, recorded on-line by diode array detection, was

Tipranavir standard substance was kindly provided bycarefully checked in all chromatograms from patients samples
Boehringer Ingelheim (Ridgefield, CT, USA); in initial develop- to verify that no co-eluting peak are present at TPV retention
ment experiments, TPV stock solution (5 mg/ml) was obtainedime.
by extraction of AptivusM capsules (250 mg of TPV) with
MeOH (in a 50 ml-volumetric flask), inwhich TPVisreportedto 2.3. Stock solution, working solution, plasma calibration
be freely solublg17]. Clozapine (internal standard, 1.S.) stock and control samples
solution (250.g/ml) was obtained by extraction with MeOH of
Lepone® (Novartis, Basel, Switzerland) tablet. This solution  Stock solution of TPV (5mg/ml) was further diluted with
was diluted down to 4p.g/ml before use. Acetonitrile (MeCN), MeOH/H,O 50:50 for the preparation of working solutions.
methanol (MeOH), 100% acetic acid (AcOH) and 85% phosphoPlasma calibration samples at 1.875, 7.5, 18.75, 37.5, 60 and
ric acid (HsPQy) were from E. Merck (Darmstadt, Germany). 75u.g/ml, together with plasma quality control (QC) samples at
Sodium hydroxide puriss p.a. and sodium heptanesulfonate p.8.625, 22.5 and 67 /5g/ml, were prepared by dilution of work-
were purchased from Fluka (Buchs, Switzerland). All othering solutions by blank plasma from outdated transfusion bags
chemicals were of analytical grade and used as received. Ultrgtotal added volumez10% of the biological sample volume), in
pure water was obtained from a MillifQUF-Plus apparatus accordance with the recommendations on bioanalytical method

(Millipore). validation [18]. The buffer used for the dilution of plasma
samples was prepared by mixing 82.6 ml of ¥#0, 1/15M
2.2. Chromatographic system (9.979/l) and 117.4ml of NadPQO4-2H,O 1/15M (11.99/l)

(=buffer D). The solid-phase extraction (SPE) cartridge con-
The chromatographic system consisted of a HP 1090 Seriesdiitioning (see below) was performed with a solution of 0.1%
(Agilent, formerly Hewlett-Packard, Germany) pump equippedH3POs neutralized with NaOH to pH 7 (=buffer E).
with a spectrophotometric UV-DAD detector set at 201 nm. The calibration standards and QC samples were prepared in
The separation was performed at room temperature (RT) oRatches at the same occasion and they were store@@tC
a ChromCaf cartridge column (125 4mm 1.D.) filled with  after viro-inactivation (see below).
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2.4. Samples collection and HIV inactivation tion at LLOQ should not deviate more th&r20%. LLOQ was
assessed by analysing triplicate TPV samples between 0.075

Blood samples (5 ml) were collected as previously describednd 1.875.g/ml. The limit of detection (LOD) was considered

[5,6,16] After centrifugation at 185& ¢ (3000 rpm) for 10 min  as the concentration of TPV that provides a signal corresponding

at +4°C (Beckmann Centrifuge, Model J6B), the plasma wago three times the HPLC background signal.

heated at 60C for 60min in a thermostated water bath

(MemmerP WB 7, Schwabach, Germany) for viro-inactivation 2.7. Stability of TPV

[19-22] The processed plasma samples were stored@eC

until analysis. The stability of TPV in plasma under the thermisation process
The sample preparation and clean-up procedure is the san@0°C for 60 min) was assessed as follows: two series of QC

as that previously described for the former Pls and NNR-samples in duplicate were analysed in parallel. One was heated,

Tls [5,6,16] Briefly, 600wl plasma samples (calibration, QC, while the thermisation procedure was omitted in the second.

patients) were diluted with 500 of solution D and 10Qul of I.S. Similarly, a calibration curve in duplicate was also heated. All

solution in an Eppendorf microvial. The resulting solution wasthe samples were submitted simultaneously to SPE extraction

vortexed and centrifuged (5.0 min, 20,00@, 4°C). Aftercon-  according to the procedure described above. The variation of

ditioning of C18 cartridges, an aliquot (10Q0 of the diluted TPV concentrations were expressed in percentage of the levels

plasma sample was applied onto the cartridge and drawn througti samples not subjected to thermisation.

completely under vacuum. The cartridge was washed twice and Freeze—thaw stability was determined by assaying duplicate

TPV was desorbed with MeOH. The eluted solutions were evapQC samples over two freeze—thawing cycles, according to the

orated and the residue reconstituted in f10@f MeOH:H,O previously described methodolod¥6]. The stability of pro-

50:50. After centrifugation (20,000 ¢ for 5min at 4°C), the  cessed samples (i.e. reconstituted in MeO}OH50:50) into

supernatants were introduced into 20HPLC microvialsand HPLC vials was assessed with duplicated TPV QC samples.

a volume of 4Qul was used for HPLC analysis. These latter were analysed either immediately after preparation,
or after being left 120 h at RT in the auto-sampler rack. The
2.5. Calibration curves results were compared.

The short-term temperature stability at RT was determined as

Quantitative analysis of TPV was performed using thefollow: triplicate aliquots of plasma spiked with TPV at 1.875,
[.S. method (1.S. =clozapine). The TPV calibration curve was7.5, 18.75, 37.5, 60 and {&®/ml were thawed and the volume
established over the range 1.87544Bm, and was fitted by was divided into two tubes (A and B). Tubes A were kept at
least-squares linear regression using 1/concentfafioe’) as  RT for 24 h, which corresponds to the maximal duration that
weighting factor of the peak-area ratio of TPV to I.S. versussamples may be left in this condition. Tubes B were stored for
the ratio of the injected amount of the respective TPV to 1.S.24 hat 4 C. The slopes of TPV calibration curves in both groups
in each standard samples. The QC levels of TPV were selectadere compared (paired Student'sest).
to encompass the range of concentrations expected in patients
plasma samples. 2.8. Recovery and selectivity

2.6. Analytical method validation The efficiency of the solid phase extraction was determined
with triplicate QC samples. The determination of the absolute
The validation of the method was based on FDA guidelinesecovery of drug from plasma was performed as previously
[23] and on the standard analytical method validation recomeescribed16].
mendationg18,24] Each level of the calibration curve was  The selectivity of the proposed analytical method was
measured with two sets of calibrators: one at the beginningletermined by injecting onto the HPLC column drugs currently
and the second at the end of the run. QC samples were assaymescribed to HIV-infected patients at our hospital: stavudine
throughout patient sample analysis. (Zerit®), zidovudine/lamivudine (CombiV), didanosine
Replicate analysisi(=6) of QC samples were used for the (Videx®), abacavir (Ziage®), tenofovir (Virea®), EFV
precision and accuracy determination. Precision being calcyStocrir®), NVP (Viramuné), SQV (Inviras€, Fortovas®),
lated as the coefficient of variation (CV%) within a single runRTV (Norvir®), IDV (Crixivan®), NFV (Viracepf), M8
(intra-assay) and between different assays (inter-assays), afgharmacologically active metabolite of NFV), fos-/APV
the accuracy as the percentage of deviation between nomin@lelzir®/Ageneras®), LPV/r (Kaletré®), ATV (Reyata?),

and measured concentration. atorvastatine (Sorf®, loperamide (Imodiuffi), trimetho-
Both experimental lower limit of quantification (LLOQ) and prim/sulfamethoxazole (Bactrif), levofloxacine (Tavani®),
limit of detection (LOD) were determined by diluting the cali- azithromycine (ZithroméX), piperacilin/tazobactam

bration samples. The LLOQ for TPV in plasma was experimen{Tazoba®), ceftazidine (Fortaff), meropenem (Meronef),
tally chosen as the minimal concentration in plasma samplesefepime (Maxipim®), imipenem/cilastatine (Tiendh),
which could be confidently determined in accordance with anaitraconazole ~ (Sporan8), amoxicillin/clavunalic  acid
lytical method validation guidelingd8,23,24] recommending  (AugmentirP), azathioprine (Imurék), rifampicin
that the deviation between measured and nominal concentréRimactar?), sulfasalazine (Salazapyfih fluconazole
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Fig. 2. Chromatographic profile of a calibration sample of TPV (38nl) spiked with |.S. (CLZ).

(Diflucar®), ciprofloxacine (Ciproxin&), vancomycine after the AptivusM intake is 35.6ug/ml and the LPV level is
(VancocitP), voriconazole (VfenBl), acetylsalicylic acid 3.8ug/ml.

(Aspirin®), mefenamic acid (Ponst8), acenocoumarol

(Sintron®), esomeprazole (Nexiu®), amlodipine (Norvas®), 3.2, Calibration curves

candesartan (Atacafl)f prednisone (Prednisofig pancre-

atine (Creoff), tramadol (Tramé&), residronate (Actong)), As previously reported16], the model with the lowest
spironoloctone/furosemide (Lasilact6ne torasemid  total bias and the most constant bias across the concentration
(Toren®), atenolol/chlortalidone (Tenorefiy, bromazepam range was considered to be the best fit. Visual inspection of
(Lexotanif’), oxazepam (Seresty cisapride (Prepulsft),  the plot of residuals of the 47 weighted regression indicates
diazepam (Valiur®t), ciclosporin (Sandimmut), mycopheno-  that there is no trend in variability throughout the delineated

late (Cellceg?) and tacrolimus (Progr&). range of concentrations. Over the concentration range from
1.875 to 75ug/ml for TPV, the regression coefficient of

3. Results and discussion the calibration curves remained excellent, always greater than
0.999.

3.1. Chromatograms
3.3. Validation of the HPLC method: precision, accuracy,

The proposed HPLC method enables the measurement 6L.OQ/LOD and recovery
TPV in plasma with UV detection at 201 nm, with clozap-
ine and TPV retention times of 8.3 and 32.2 min, respectively The method is precise with mean inter-day CVs for the 3
(Fig. 2). Fig. 3 shows a TPV QC sample at 22.8/ml onto  plasma QC samples within 2.2—3.4%, and accurate (range of
which all marketed PIS/INNRTIs have been added, demoninter-day deviations from 0.7 to 1.2%).
strating the absence of chromatographic interferences with The LLOQ for TPV was experimentally found to be
TPV. Fig. 4 shows a plasma chromatographic profile from a0.125ug/ml (with of precision and deviation of 11 and 19%,
patient receiving a regimen of TPV 500 mg BID, LPV 400 mg respectively), and the LOD was 0.0i§/ml.
BID, RTV 100mg BID, lamivudine 150 mg BID and teno-  The mean absolute recovery of TPV measured with the three
fovir 300mg QD. The level of TPV measured 6h 30 min QC levelswas 77.% 4.0%. The clean-up procedure by SPE was

mAU 7
700 4
600 E NVP

500 3

400 cLz APV LPV EFV TPV

300 3 sqQv ATV

200 4
1oo—f‘J
03

Fig. 3. Chromatographic profile of a plasma control sample of TPV (28/&l) spiked with |.S. (CLZ) and with all PIS/NNRTIs available at present.

————— e —
5 10 15 20 25 30 35 min
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Fig. 4. Plasma chromatogram of one HIV-patient receiving TPV, LPV, RTV, lamivudine and tenofovir (details in the text).

found to be a reliable way of eliminating interfering material 3.5.4. Stability of extracts samples at room temperature

from plasma, with low recovery variability. Plasma extracts (i.e. reconstituted in MeObLIdH50:50) left
at RT for 5 days (120 h), showed a TPV variations (expressed in
3.4. Selectivity percentage of change of the starting levels, i.e. after immediate

analysis) lowerther 1.9+ 1.1%. These results indicate that the
At 201 nm, the large series of tested drugs gave no interfeprocessed samples stability is excellent throughout the HPLC
ing peaks at the retention time of TPV, except for tacrolimusyun performed over one day.
which appears nearby TPV as a broad peak at a retention time

at 33.9min. 3.6. Clinical applications

3.5. Samples stability This HPLC assay is currently used for the analysis of sam-
ples collected for the Therapeutic Drug Monitoring of TPV

3.5.1. Stability during thermisation (HIV inactivation) in HIV-positive patients, mainly in conjunction with thsviss

Back-calculated values of both thermised and non-thermise@iipranavir Compassionate Use Program, for assessing drug
QCs samples using calibration curves established with thermisegkposure and evaluating drug—drug interactions and ascertain-
samples had deviations from nominal concentration alwayghg short term compliance. A number of drug—drug interactions
lower than 5 and 12%, respectively. Considering the experhas been documented for TPV and the FDA has recently issued
imental variability, and by comparison with stability studies warnings about this problef25]. In addition, safety studies
performed with previous Pls subjected to the same procedutigported by the Tipranavir Review Ted#6] have found a rela-
[5,6,16] these results indicate that such a procedure does n@bnship between TPV trough concentration and the probability
affect, or only slightly, TPV concentrations, within the con- of having elevated liver enzymes. Similarly, Giraud et al. have
sidered concentrations range. Nevertheless, and for the sakeretently reported the case of one patient who had a TPV trough
standardisation, all calibration and control samples were treatasbncentration of 50.8g/ml and who developed a few days later

similarly and heated at 6@ for 60 min. an hepatic cytolysi$l5]. If these observations are confirmed,
the monitoring of TPV plasma concentrations may thus play an
3.5.2. Stability of plasma samples at room temperature important role in the management of patients.

The mean slope of calibration curves established with sam-
ples left 24 h at RT 4 =1.590,n=3) was not different than 4. Conclusions
the slope of calibration curves calculated with samples stored

during the same time at"€ (n=1.596;2=3), (p=0.9, paired This HPLC method provides a robust and convenient pro-
Student's-test), indicating a good stability of TPV in plasma at cedure for determining TPV in plasma by using samples pro-

RT. cessing, column type and solvent mixture previously proposed
for the previous Pls and NNRT(§,6,16] and run routinely in

3.5.3. Stability of plasma samples after one and two our laboratory for many years. This is a clear advantage for a

freeze—thaw cycles laboratory where large numbers of samples containing multiple

The variation of TPV concentration was expressed as perce@halytes are to be analysed on a routine basis.

of the initial TPV concentration (no thaw—freeze cycle). Atthe  To the best of our knowledge, this is the first report describ-
three QC levels, the percent decrease in initial TPV concentrang an assay of TPV by HPLC-UV at 201 nm, after SPE from
tion was lower than 4 and 15%, for one and two freeze—thavplasma. Just recently, Giraud et al. has reported an assay for TPV
cycles, respectively. Taking into account the analytical variabilhy HPLC—UV at 260 nm after liquid—liquid extractighs]. At

ity, this indicates that no significant loss of TPV is to be expectedhijs wavelength however, their method does not allow the simul-
at least after one freeze—thaw cycle. taneous measurement of IDV. Our method enables the analysis



S. Colombo et al. / J. Chromatogr. B 832 (2006) 138-143 143

of the eight Pls marketed to date (TPV, ATV, SQV, RTV, IDV, [9] G. Aymard, M. Legrand, N. Trichereau, B. Diquet, J. Chromatogr. B
NFV, APV and LPV) and two NNRTIs (NVP and EFV). It can (Biomed. Sci. Appl.) 744 (2000) 227.
be used conveniently on a routine basis, with minor adjustment&.9] M. Sarasa-Nacenta, Y. Lopez-Pua, J. Maliolas, J.L. Blanco, J.M.

. . . " Gatell, X. Carne, J. Chromatogr. B (Biomed. Sci. Appl.) 757 (2001
with one single sample processing procedure followed by achro- ¢ E ( ppl) (2001)

matographic step on an identical column type, using the same1} H. vamada, H. Kotaki, T. Nakamura, A. lwamoto, J. Chromatogr. B
solvent mixture, changing only the elution gradient program for ~ (Biomed. Sci. Appl.) 755 (2001) 85.

NVP, LPV [6] and TPV. Our approach represents therefore &12] US Justesen, C. Pedersen, N.A. Klitgaard, J. Chromatogr. B (Biomed.
useful and convenient tool contributing to the optimal follow-up __ SCi- Appl.) 783 (2003) 491.

. [13] E. Dalilly, F. Raffi, P. Jolliet, J. Chromatogr. B (Biomed. Sci. Appl.) 813
of HIV patients through TDM. (2004) 353.
[14] K.M. Crommentuyn, H. Rosing, M.J. Hillebrand, A.D. Huitema, J.H.
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