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Abstract

An HPLC-MS/MS assay for the determination of an HIV integrase inhibitor, 5-(1,1-dioxido-1,2-thiazinarN2@dfluorobenzyl)-8-
hydroxy-1,6-naphthyridine-7-carboxamid@ in human plasma has been developed and validated. Compauntta stable isotope labeled
internal standard) were isolated from 0.5 mL plasma samples by solid phase extraction using an Ansys SPEC C-8 96-well plate. Extracts
were separated on a Hypersil BDS C-18 HPLC column (3.0xB0 mm, 3um) with a mobile phase consisting of 25mM ammonium
formate pH 3.0:acetonitrile (60:40) vol%/vol% pumped at 0.5 mL/min. A Sciex API 365 mass spectrometer equipped with an atmospheric
pressure chemical ionization source was operated in selected reaction monitoring (SRM) mode with the precursor-to-product ion transitions
m/z431— 109 () andm/z 437— 115 (I ) used for quantitation. The assay was validated over the concentration range of 10-5000 ng/mL
and was found to have acceptable accuracy, precision, linearity, and selectivity. The mean extraction recovery from spiked plasma samples
was 69%. The intra-day accuracy of the assay was within 4% of nominal and intra-day precision was better than 4% C.V. Following a 200 mg
dose of the compound administered to human subjects, concentratibrengfed from 21.1 to 1500 ng/mL in plasma samples collected up
to 12 h after dosing. Inter-day accuracy and precision results for quality control samples run over a 3-month period alongside clinical samples
showed mean accuracies of within 6% of nominal and precision better than 3.5% C.V.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction While the widespread use of protease and reverse tran-
scriptase inhibitors has made a significant impact in improv-
Human immunodeficiency virus 1 (HIV-1), the virus that ing survival rates of HIV infected patients, the emergence of
causes acquired immune deficiency syndrome (AIDS), re- drug-resistant HIV strains constitutes a growing problem in
quires 3 enzymes for its replication: protease, reverse tran-the treatment of AIDS. It has been estimated that over 76% of
scriptase, and integrase. A number of antiviral agents thatHIV infected adults in the United States harbor viral strains
target protease or reverse transcriptase are currently on thehat are resistantto one or more of the antiviral drugs currently
market. These agents, typically administered in combination, in use[2]. A need therefore exists for alternative antiviral ther-
have become standard therapy for the treatment of AIDS apies that are effective against these drug-resistant strains.
The HIV integrase enzyme catalyzes the incorporation of
viral DNA into the genome of the host cell, and is thus es-
mpondmg author, Tel.: +1 304 599 2595x 6697: sential to viral gene expressi_on and replicatjBh Unlike
fax: +1 304 385 6478. protease and reverse transcriptase, an agent that targets the
E-mail addresspatrick vallano@merck.com (P.T. Vallano). HIV integrase enzyme has yet to be marketed. Given its novel
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mechanism of action, an HIV integrase inhibitor has the po-
tential to be highly effective in the treatment of AIDS, partic-
ularly for patients who have exhibited resistance to existing
antiviral drugs.

Compound I, 5-(1,1-dioxido-1,2-thiazinan-2-yIN-(4-
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Series 200 (Norwalk, CT, USA) HPLC pump and a PE Sciex
API 365 (Foster City, CA, USA) triple quadrupole mass spec-
trometer equipped with a atmospheric chemical ionization
(APCI) source. Applied Biosystems-Sciex Analyst version
1.1 software was used for data acquisition and processing.

fluorobenzyl)-8-hydroxy-1,6-naphthyridine-7-carboxamide,

is an HIV integrase inhibitor currently undergoing evaluation 2.3. Chromatographic conditions

for the treatment of AID$4]. An assay for this compound

was required to support clinical studies. The development The chromatographic separation was performed on a Hy-

of an HPLC-MS/MS assay for the determination loin persil BDS C-18 column (3.0 mm 50 mm, 3um), which

human plasma is the subject of this paper. To the authors’was purchased from Thermo-Hypersil Keystone (Belle-

knowledge, this work is the first published report of the fonte, PA, USA). A guard column (Hypersil BDS C-18,

determination of an HIV integrase inhibitor in human 3.0 mmx 10 mm, 5um) preceded the analytical column. The

plasma. guard and analytical columns were thermostated &C30

The mobile phase consisted of 25 mM ammonium formate

pH 3.0:acetonitrile (60:40) vol%/vol% and was pumped at a

flow rate of 0.5 mL/min. The pH of the aqueous buffer compo-

nent of the mobile phase was adjusted with formic acid prior

to mixing with acetonitrile. Before use, the mobile phase was
Compound! (Fig. 1) was obtained from the Chemical f?ltered through a 0.4pm nylon membrar!e filter. The ipjec-

Data Department of Merck Research Laboratories (Rahway, ion volume was 2L and the analysis time was 5 min per

NJ, USA) in its sodium salt form. Compourit, a 13Cg sample.

fluorophenyl analog of (Fig. 1), was synthesized by the .

Drug Metabolism Labeled Compound Synthesis group of 2-4- Mass spectrometer conditions

Merck Research Laboratories (Rahway, NJ, USA) using a

variant of the synthetic route used to prepaf&]. In this The effluent from the HPLC column was directed into
scheme 13Cg aniline was used to incorporate the labeled @n APCI probe, which was set to a temperature of 3L0a

moiety into the molecule. Acetonitrile and methanol (Optima "€Pulizing gas (i) pressure of 60 psi, and a corona discharge
grade) were purchased from Fisher Scientific (Pittsburgh, PA, N€edle currentof 1.@A. The voltage applied to the sampling
USA). Formic acid (95%) and ammonium formate were pur- orifice of the mass spectrometer was 21 V. Protona}ted qnqute
chased from Sigma (St. Louis, MO, USA). Human control mc_JIecuIes were supjgcted to collision mduped dISSOCIf':ItIOH
plasma (sodium heparin as an anticoagulant) was obtained!Sing N> as the collision gas (CAD gas setting =3) to yield
from Sera Care Life Sciences (Oceanside, CA, USA). Deion- product ions for each analyte. The collision energy was 35V

ized (18 nf2/cm) water was generated in-house using a Mil- for bothl andll. The voltages applied to the deflector and
lipore (Bedford, MA, USA) Milli-Q Plus system. electron multiplier were—200 and—2400V, respectively.
Selected reaction monitoring of the precursor—product ion

transitionsm/z 431— 109 for| andm/z 437— 115 for Il

was used for quantitation. Dwell time was 300 ms for each
ion transition. Production mass spectralfandll are shown

in Fig. 2

2. Experimental

2.1. Materials

2.2. Instrumentation

The HPLC-MS/MS system consisted of a Varian ProStar
430 (Walnut Creek, CA, USA) autosampler, a Perkin-Elmer

F\ 2.5. Preparation of standard solutions

/:\ 0 A 500p.g/mL (free phenol) stock solution dfwas pre-

g i \s pared by dissolving 5.25 mg of the sodium saltl ah ap-

\ // O/ \ proximately 5mL of (50:50) vol%/vol% HO:CHsCN in a
I N

10 mL low actinic volumetric flask. The solution was soni-
cated for 5min to ensure complete dissolution of the solid.
Following sonication, the solution was allowed to equilibrate
to room temperature after which it was diluted to volume
with (50:50) vol%/vol% HO:CH3CN. Working standards
of | were prepared from the 5@@/mL stock solution at
100, 70, 40, 20, 10, 2, 1, 0.5, and @.g¢/mL using (50:50)
vol%/vol% H,O:acetonitrile as the diluent.

Solutions of stored atambientlaboratory conditions were
demonstrated to be stable for at least 21 weeks.

1+ 120
+_13¢c

Fig. 1. Chemical structures ofandll .
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Fig. 2. Product ion mass spectra: (AXB) Il .

Plasma standards were prepared by spikingl26f each 2.6. Sample preparation

working standard into 0.5mL of human control plasma.

These standards were used to construct calibration curves for

Plasma samples were removed fresB0°C storage and

the quantitation of at plasma concentrations ranging from
10 to 5000 ng/mL. Samples found to contaimt concen-

trations above 5000 ng/mL were diluted appropriately with the sample tubes, a 0.5mL aliquot of plasma was trans-

control plasma and re-assayed.

immersed in a heated (3C) water bath for 30 min to thaw.
After vortexing and centrifugation (25609 for 5min) of

ferred to a 7mL polypropylene tube. A 2% aliquot of
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(50:50) vol%/vol% HO:CHsCN was added to the blanks, sample loading step. In thatis weakly acidic (K5 of the
quality controls, and subject samples to compensate for thenaphthyridine—OH is 7.3), plasma samples were acidified
volume of diluent added during spiking of the calibration with 0.1N HCI or 0.1 M phosphate buffer (pH 3) prior to
standards. Next, 2L of the working internal standard so- extraction in order to ensure protonationldh an effort to
lution (2pg/mL Il in (50:50) vol%i/vol% HO:acetonitrile) more effectively retain the compound on the sorbent. How-

was added followed by 2bL of 85% (w/v) HsPOy. After ever, neither of these conditions affected analyte recovery.
vortex mixing for 30 s, the sample was diluted with 0.5mL In light of these results and the fact tHatvas known to
H20. be highly bound to human plasma proteins (unbound frac-

Ansys SPEC C-8 96-well solid phase extraction plates tion <2%), it was hypothesized that protein binding efas
(Varian, Inc., Walnut Creek, CA, USA) were conditioned contributing to the low extraction recovery. Experience has
with 0.5 mL methanol followed by 1 mL 0. The entire vol- shown that the addition of 25—%(_ of concentrated EPOy
ume of the acidified and diluted plasma sample was appliedper mL of plasma is often effective at improving the extrac-
to the plate using an 8-channel pipet and drawn through thetion recovery of highly protein bound analytes. In the present
wells by vacuum. The sorbent was washed with 1miOH  case, the addition of 25L of concentrated (85%) PO, to
followed by 1 mL HO:methanol (65:35) vol%/vol%. Next, 0.5mL plasma followed by dilution of the acidified sam-
the extraction plate was placed on top of a polystyrene ELISA ple with 0.5mL HO was found to improve the absolute
plate (Fisher Scientific, Pittsburgh, PA, USA) and centrifuged recovery ofl (approximately 70%) as well as decrease the
for 3min at 1006x g to draw the residual wash solvent variability.
through the wells. To elute the analytes, 2000f (20:80) Optimization of the elution solvent was next investigated.
H>O:acetonitrile was passed though the wells by centrifuga- Elution solvents consisting of various proportions of wa-
tion for 5 min at 644x g and collected into a polypropylene ter and acetonitrile were evaluated. It was found that elu-
collection plate (Microliter Analytical Supplies, Suwanee, tion with 200uL of (20:80) vol%/vol% HO:acetonitrile
GA, USA). To ensure compatibility with the HPLC mobile yielded recovery comparable to that obtained eluting with
phase, the extracts were diluted with 2000f 25 mM am- the same volume of neat acetonitrile. As the former was
monium formate pH 3.0 and vortex mixed. Finally, the di- a considerably weaker elution solvent, it was employed
luted extracts were passed through a 96-well Q.abnylon to afford more selective elution of the analytes. Draw-
filter plate (Applied Separations, Allentown, PA, USA) into ing of the elution solvent through the wells by centrifuga-
a clean polypropylene collection plate and transferred to the tion rather than vacuum was found to provide more con-

HPLC-MS/MS system for analysis. sistent recovery, presumably due to a more uniform flow
rate.

3. Results and discussion 3.2. Optimization of analyte recovery from frozen
plasma

3.1. Optimization of the extraction procedure
Poor recovery ol from plasma samples that had been
Initial experiments performed using the Ansys SPEC C- spiked prior to freezing was observed during the initial anal-
8 plate, in which plasma was diluted with an equal volume ysis of quality control (QC) sample$gble 1. Given that the
of H>O prior to extraction, yielded low and variable recov- recovery ofl from the low and mid quality control samples
ery of | (approximately 35%). The source of the low ex- did not appear to be compromised (mean accuracies 107 and
traction recovery was traced to breakthrough dtiring the 101%, respectively) on freezing and thawing, the poor recov-

Table 1
Effect of sample heating on the recoveryldfom human plasma following freezing and thawing

Assayed concentration (ng/mL)

Thawed at 37C for 30 min Thawed unassisted at room temperature
30QC 500 QC 3000 QC 30QC 500 QC 3000 QC
317 5070 28002 335 5143 23423
318 5067 27674 320 4994 23193
320 5221 28564 324 5056 22740
326 5117 29634 312 5059 22612
325 5011 28981 314 4988 24541
Mean 321 5097 28571 321 5048 23302
C.V. 13 15 27 29 12 33
Accuracy (%) 1071 1019 952 1070 1010 717

2 Plasma samples were spiked witand stored at-20°C for at least 12 h prior to thawing and processing.
b Accuracy is expressed as [(mean observed concentration)/(nominal concentsatio)]
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Fig. 3. Representative chromatograms: (A) control plasma double blank; (B) control plasma single blank (plasma concertratias 130 ng/mL); (C)
10 ng/mL plasma standard; (D) plasma sample collected from a subject 5 h after receiving a 200 mg ordl ddseasfsayed concentrationl af this sample
was 665.0 ng/mL.

ery of | for the high QC was attributed to the low aqueous 3.3. Method validation
solubility of the compound.

In an effort to improve the recovery offrom the high The method was validated according to FDA guidelines
QC samples, mild heating of the samples was investigated.[6]. The validation experiments and results obtained are de-
A set of QC samplesn=5 at each concentration) was re- scribed below.
moved from—20°C storage and immersed in a 37 wa-
ter bath for 30 min to thaw. A second set of QC samples 3.3.1. Selectivity
was thawed unassisted at room temperature to serve as a Assay selectivity was evaluated by analyzing six separate
control group. As shown irable 1 the mean accuracy lots of drug free human control plasma. All plasma lots were
of the 3000 ng/mL QC improved from 77.7% in the con- found to be free of interferences with the compounds of in-
trol to 95.2% when the samples were thawed in the heatedterest.
bath. No significant difference was observed between the In addition, the HPLC-MS/MS system was evaluated for
two groups of low or mid QCs. Further experiments (de- the presence of “cross-talk” between the channels used for
tailed below) confirmed the stability df in plasma fol- monitoringl andll . Plasma samples spiked with the working
lowing repeated freeze—thaw cycles performed under theseconcentration ofi (100 ng/mL) in the absence bfi.e. con-
conditions. trol plasma single blanks) were prepared and analyzed. No
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peaks were detected in the channel used to moh(teéig. 3). Table 3
Additiona”y a plasma sample spiked withat the assay up- Intra-day slope precision for standard curves prepared in five unique lots of
per limit of quantitation in the absence bfwas analyzed. human plasma

No “cross-talk” was observed. Control plasma lot Slope
Representative chromatograms of a control plasma doublel 0.01601
blank, control plasma single blank, 10 ng/mL plasma stan- g g-giggg
dard, are shown ifig. 3A—C. 4 0.01542
5 0.01578
3.3.2. Sensitivity and linearity Mean 0.01562
The lower limit of quantitation (LLOQ) of the assay, de- c.v. (%) 1.7

fined as the lowest concentration on the standard curve that
can be quantitated with accuracy within 15% of nominal and
precision not exceeding 15% C.V., was 10 ng/mL.
Calibration curves were constructed by plotting the peak
area ratios|(1l') of plasma standards versus nominal con-
centration. Weighted (£#, wherex = nominal standard con- .
3.3.4. Extraction recovery

centration) linear least squares regression was employed. . : i
) q 9 ploy To investigate extraction recovery, a set of samphesy

Linear calibration curves were obtained over the range o :
: at each concentration in unique lots of plasma) was prepared

10-5000 ng/mLl in plasma. Unknown sample concentra- oL
) . ) . - by spikingl into plasma at 50, 500, and 3500 ng/mL. Each of
tions exceeding 5000 ng/mL were diluted appropriately with . . X

the samples was also spiked wiittat the working concentra-
control plasma and re-assayed. :

tion of 100 ng/mL. The samples were subsequently processed

o using the procedure described previously. A second set of

3.3.3. Accuracy and precision plasma samples was processed and spiked post-extraction

The within-day accuracy and precision of the assay were yjth the same concentrations bfand Il that were added
determined by analyzing replicate£5) standard curves.

To more fully characterize the ruggedness of the assay, theTable 4
standard curves were prepared in five different lots of plasma Inter-day QC accuracy and precision

along with standards and clinical samples. Inter-day accuracy
and precision data for QC samples analyzed over a 3-month
period are provided ifable 4

(i.e. lots originating from five unique donors). The results of Rurf Assayed concentration (ng/miL)
this analysis are provided ifable 2 The ruggedness of the Low QC Mid QC High QC
assay and the absence of relative matrix effects are further 310 2970 27568
evidenced by the precision of the slopes of the individual , 310 5155 28075
standard curves, which is shownTable 3 3 310 5084 28261
Quality control (QC) samples were prepared at low 4 305 4954 27616
(30 ng/mL), medium (500 ng/mL), and high (3000 ng/mL) ° 320 5121 29300
concentrations and stored under the same conditions as th ggi gggj ;gégg
clinical samples (i.e—20°C) for the purpose of evaluating 4 320 5285 28759
sample stability and inter-day accuracy and precision. Dupli- g 304 4952 29032
cate QC samples at each concentration were analyzed daily.0 312 5090 28835
11 320 5171 29425
12 322 5129 29662
Table 2 N S 13 329 5120 29502
Intra-day accuracy and precision for the determinatioh iof five unique 14 331 5201 29155
lots of human plasma 15 314 4945 28057
Nominal Mean determined Accuracy! Precisioft 16 311 5163 28858
concentration concentration (%) (%) 17 314 5060 28948
(ng/mL) (ng/mL,n=5) 18 336 5119 28727
0 102 1020 3.0 19 311 5019 28183
20 323 5133 29376
25 241 966 2.4
21 291 4850 26887
50 490 981 0.1 22 318 5235 29162
100 973 97.3 2.5
500 5031 1006 1.9 Mean 317 5109 28737
1000 10364 1036 23 Accuracy (%) 1055 1022 958
2000 20397 1020 3.6 C.V. (%) 34 25 26
3500 35147 1004 31

2 Runs were performed over a 3-month period.

5000 49738 995 15 b Data presented are the mean of duplicate QC samples at each concen-
@ Accuracy is expressed as [(mean observed concentration)/(nominal con-tration.
centration)]x 100. ¢ Accuracy is expressed as [(mean observed concentration)/(nominal con-

b Precision is expressed as the coefficient of variation of peak area ratios. centration)Jx 100.
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Table 5
Benchtop stability of in human plasma
Nominal t=0h (control) mean assayed  Accuracy t=4h mean assayed Accuracy (%) Difference from
concentration (ng/mL) concentratiof (ng/mL) (%) concentratiofi (ng/mL) control (%)
30 313 (2.5) 1042 321 (2.5) 1070 2.7
500 4901 (1.9) 980 5036 (2.8) 1007 2.8
3000 27675 (3.8) 923 28268 (2.6) 942 21

2 n=3; numbers in parentheses are coefficients of variation (C.V.).
b Accuracy is expressed as [(mean observed concentration)/(nominal concentsatio)]

to the pre-extraction spiked samples. Extraction recovery for human plasma subjected to heating atG6or 120 min was

each analyte was determined by calculating the ratios of theassessed. Heating of plasma samples in this manner is used to

raw peak areas of the pre-extraction spiked samples to thedeactivate the human immunodeficiency virus, significantly

raw peak areas of the samples spiked after extraction. Mearreducing the possibility of infection of laboratory personnel

extraction recovery for andll was 69%. during sample handling and processing. Results obtained for
The extent of matrix suppression or enhancement of ion- plasma samples spiked witlind heated under the conditions

ization was assessed by comparing the mean raw peak areagescribed above showed no significant difference from a con-

of the post-extraction spiked plasma samples to the meantrol group of samples prepared similarly but not subjected to

raw peak areas dfandll in neat solution at the appropriate heat treatment (data not shown).

concentrations. Although some matrix enhancement of ion-

ization was observed fdrandll (aregost-exfareaeat=1.12 3.3.7. Processed sample stability/re-injection accuracy

for | and 1.13 foil ), assay precision was not compromised and precision

by a relative matrix effect, as illustrated Tlables 1 and 2 The stability ofl in processed samples was investigated as
follows. A set of samples consisting of a standard curve and
3.3.5. Benchtop stability QCs fi=5 per concentration) was processed and analyzed.

The stability ofl in plasma exposed to ambient labora- After this analysis, the samples were allowed to remain on the
tory conditions prior to processing was investigated. Quality autosampler exposed to ambient laboratory conditions for 6
control samplesn(= 3 at three concentration levels) were re- days, after which the samples were re-injected. Assayed QC
moved from—20°C storage, thawed by immersion in a&7 concentrations were determined based on the initial injection
water bath, and allowed to sit on a laboratory bench top for 4 h of the standard curve. The results, which are presented in
prior to processing. A set of QC samples=3 per concen-  Table 7 demonstrate the stability ofin processed samples.
tration level) processed immediately after thawing served as  Sample re-injection accuracy and precision was assessed

a control group. The results, which are presentethinle 5 in the same experiment. Assayed concentrations of the re-
demonstrate the stability dfunder these conditions. injected QC samples were determined using the re-injected
standard curve and compared with the assayed concentrations
3.3.6. Freeze—thaw stability/stability under HIV determined from the original injection of the samples. As
deactivation conditions indicated inTable 7 no meaningful difference in accuracy or

The stability of I in human plasma over multiple precision was found among these data sets.
freeze—thaw cycles was assessed. QC samples were subjected
to 3 freeze—thaw cycles and analyzed along with a set of 3.3.8. Sample dilution
control QCs subjected to a single freeze—thaw cycle. Each  To demonstrate the ability to dilute and analyze samples

freeze—thaw cycle consisted of storage-20°C for a min- containingl at concentrations above the assay upper limit
imum of 12 h followed by thawing by immersion in a 3¢ of quantitation, a set of plasma samples was prepared con-
water bath for 30 min. As shown ifable § | was found to taining | at a concentration of 12{6g/mL and placed in a

be stable through 3 cycles of freezing and thawing. —20°C freezer overnight prior to analysis. After thawing by

In that the assay would ultimately be used to analyze sam-immersion in a 37C water bath, a 10@L aliquot was with-
ples collected from HIV positive patients, the stabilityl af drawn for analysisr(=5), diluted with 40QuL of control

Table 6
Freeze—thaw stability dfin human plasma
Nominal 1 F/T cycle (control) mean Accuracy 3 F/T cycles mean assayed Accuracy (%) Difference from
concentration (ng/mL)  assayed concentratid(ng/mL) (%) concentratiof (ng/mL) control (%)
30 306 (2.1) 1020 310(2.1) 1034 14
500 5034 (1.7) 1007 5114 (0.8) 1023 1.6
3000 276 (1.5) 923 27812 (1.4) 927 0.4

2 n=3; numbers in parentheses are coefficients of variation (C.V.).
b Accuracy is expressed as [(mean observed concentration)/(nominal concentsatio)]
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Table 7
Processed sample stability and re-injection accuracy and precision
Nominal concentration Initial injection? Re-injectio® Re-injectiory
ng/mL,
(ng/mL) Mean assayed Accuracy (%) Mean assayed Accuracy (%) Mean assayed Accuracy (%)
concentration concentration concentration
(ng/mLy (ng/mLy (ng/mLY
30 308 (2.1) 1027 306 (4.4) 1021 305 (4.6) 1018
500 5074 (1.5) 1015 5046 (2.5) 1009 5105 (2.5) 1021
3000 27751 (1.3) 925 27695 (2.1) 923 28027 (2.1) 934

@ Initial injection of QCs calculated from initial injection of standard curve.

b Re-injected QCs calculated from re-injected standard curve.

¢ Re-injected QCs calculated from initial injection of standard curve.

d n=5; numbers in parentheses are coefficients of variation (% C.V.).

€ Accuracy is expressed as [(mean observed concentration)/(nominal concentsatio0)]

Table8 N 21.1 to 1500 ng/mL. The method was found to be suitable
Sample dilution accuracy and precision for determining the plasma concentrations &dr up to 12 h
Assayed concentration (ng/mL) Reported concentration following a200mg dose.

(ng/mL)
2310.9 11554
2290.7 11455 4. Conclusion
2354.5 11775
2284.6 11423 .
2320.6 1160 An HPLC—MS/M_S assay has been developed. and vali-
Mean 11505 dated for the determination bfn human plasma. This assay
CV. 15 was demonstrated to be selective, accurate, and precise and
Accuracy (%) 98 was suitable for the analysis of samples collected during clin-
Nominal concentration = 12,500 ng/mL; dilution factor=5. ical studies of this compound.

human plasma, and processed as described in Seton

The results of this experiment are showrTable 8 References
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