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Abstract

Viramidine is a prodrug of ribavirin. To facilitate pharmacokinetics studies of viramidine in man, a sensitive and specific LC-MS/MS metho
for the simultaneous analyses of viramidine and ribavirin in human plasma was developed and validated. The method involved the additior
[**C]viramidine and f3C]ribavirin as internal standards, protein precipitation with acetonitrile, HPLC separation, and quantification by MS/MS
system using positive electrospray ionization in the multiple reaction monitoring mode (MRM). The preeypsoduct ion transitions were
monitored at 245> 113, 250 113, 244 112, and 249~ 112 for ribavirin, F*C]ribavirin, viramidine, and*fC]viramidine, respectively. The
calibration curves for viramidine and ribavirin were linear over a concentration range of 1-1000 ng/mL. For both viramidine and ribavirin, th
lower limit of quantification (LLOQ) was 1 ng/mL. For viramidine, intra- and inter-day analyses of QC samples at 1, 5, 250, and 1000 ng/m
indicated good precision (%CV between 1.0 and 7.0%) and accuracy (%bias betd@snd 5.2%). For ribavirin, intra- and inter-day analyses
of QC samples at 1, 5, 250, and 1000 ng/mL indicated similar precision (%CV between 0.8 and 8.3%) and accuracy (%bias-5&vaeen
9.4%). Both viramidine and ribavirin were stable in human plasma stored at room temperature for at leagt fdhatleast 6 h, and for at least
three freeze—thaw cycles. This accurate and highly specific assay provides a useful method for evaluating the pharmacokinetics of viramidine
ribavirin in man following administration of viramidine.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction activity in erythrocytes, these phosphorylated metabolites of
ribavirin become trapped intracellularly, accumulate over time,
Ribavirin is a purine nucleoside analdgiq. 1) with broad-  and eventually result in hemolytic anenfi®,11] This adverse
spectrum activity against a variety of DNA and RNA viral effect often necessitates reduction of dose and/or discontinua-
infections[1-3]. In combination with either interferon alpha tion of ribavirin therapy in a significant proportion of patients. A
(IFN-a) or pegylated IFNx, the clinical efficacy of ribavirin  second generation analog of ribavirin, therefore, which retains
in the treatment of chronic hepatitis C virus (HCV) infection, clinical efficacy but demonstrates a lower potential for causing
in terms of sustained virologic response, has been shown to beemolytic anemia would be highly desirable.
approximately 41-47%#,5] and 54-56%46,7], respectively. Viramidine is an analog and prodrug of ribavirin, which in
A dose-limiting adverse effect associated with the long-ternmthe primate animal model, has been shown to be retained in the
therapeutic use of ribavirin is the potential for causing hemolytidiver and converted to ribavirin. Cynomolgus monkeys given
anemia. A significant portion of ribavirin in the circulation is daily oral doses offf'C]viramidine or f*C]ribavirin for 10 days
transported into erythrocytd8] and metabolized into various were observed to have higher hepatic but lower RBC and plasma
phosphorylated derivativg8]. Due to the lack of phosphatase drug levels after[*C]viramidine than }*CJribavirin dosing1].
Since the liver is the target for hepatitis C infection and RBCs
are the site of ribavirin toxicity, viramidine could potentially
* Corresponding author. Tel.: +1 714 545 0100x2062; fax: +1 714 641 7201.pr0Vide the same therapeutic efficacy as ribavirin but with lower
E-mail address: cclin@valeant.com (C.-c. Lin). risk of hemolytic anemia.
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Fig. 1. Chemical structures of viramidine and ribavirin.

Accurate derivation of PK parameters for ribavirin is limited 2. Method
by the lack of a sensitive assay with high specificity. Austin et al.
reported a radioimmunoassay for the measurement of ribaviri@.1. Chemicals
that is capable of determining plasma concentration as low as
0.01pM (2.45 ng/mL)[12]. However, the assay lacks specificity ~ Viramidine (99.7%), {3C]viramidine (97.8%), ribavirin
and cross-reacts with many ribavirin metabolites, thus, limiting(99.8%), and 1°C]ribavirin (90.8%) Fig. 1) were supplied by
its usefulness in pharmacokinetic studies. Another method fovaleant Research & Development, Costa Mesa, CA. Acetoni-
quantitating ribavirin by HPLC with UV detection was reported trile (HLPC grade), methanol (HPLC grade), and water (HPLC
by Paroni et al[13]. This method, however, has an assay sensigrade) were purchased from EM Science. Formic acid was pur-
tivity of 100 ng/mL, which is inadequate for the pharmacokineticchased from JT Baker.
evaluation of ribavirin in animals and man following oral admin-
istration. We previously reported an LC-MS/MS ribavirin assay2.1.1. Drug administration and plasma sample collection
sensitive to 10 ng/mL of ribavirin in rat and monkey plasmas, In a single-dose pharmacokinetic study, six healthy volun-
which has been used to evaluate pharmacokinetics of ribavirin iteers each received an oral 600 mg dose of viramidine. Venous
animalg14]. Recently, an LC-MS/MS method using a silica col- blood samples (10 mL aliquots) were collected into heparinized
umn, with an LLOQ at 10 ng/mL for ribavirin analysis in human tubes via an indwelling catheter pre-dose and at the follow-
plasma and serum, was reported by Naidong and co-workeiag times: 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16, 24, 36, 48,
[15]. For simultaneous analyses of ribavirin and viramidine, wes0, 72, 96, 120, 144, 168, 216, 264, 336, 504, 576, and 672 h
recently reported an LC-MS/MS method for the simultaneouspost-dose.
determinations of ribavirin and viramidine in rat and monkey
plasmag16], as well as human serufa7], with an LLOQ of 2.2, Sample preparation
10 ng/mL.

In this report, a more sensitive LC-MS/MS method for  Duplicate calibration standards were prepared at seven con-
the simultaneous determination of viramidine and ribavirin incentration levels, ranging from 1 to 1000 ng/mL, by spiking
human plasma, with an LLOQ of 1 ng/mL, is described. Thisribavirin and viramidine standard spiking solutions into blank
assay has been validated and successfully used to evaluate Héman plasma (Bioreclamation Inc., Hicksville, NY). Four lev-
pharmacokinetic dispositions of viramidine and ribavirin in manels of QC samples were prepared by spiking the QC solution into
following oral administration of viramidine. human plasma blanks (5%, v/v) at 1, 5, 25, and 1000 ng/mL.
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QC samples and plasma were stored -a70°C until  maintained at room temperature. Mobile phase A consisted of
analysis. 0.1% formic acid in water. Mobile phase B consisted of 0.1%
The internal standard (0L, 2pg/mL each of formic acid in methanol. The gradient conditions were 100% A
[*3C]viramidine and }3C]ribavirin in water), water (1Q.L),  between 0 and 1 min, 95% A and 5% B between 1 and 3.5 min,
and acetonitrile (40QL) were added to 10QL aliquot of  returned to 50% A and 50% B between 3.5 and 5min, main-
human plasma. The mixture was vortexed for 1 min, and themained at 50% A and 50% B between 5 and 6.5 min, ramped
centrifuged at 13,000 rpm for 10 min. The supernatant (200 to 100% A between 6.5 and 6.6 min and maintained at 100%
was transferred to a 96-well plate and evaporated to dryness Atbetween 6.6 and 8 min. The mobile phases were delivered at
25°C. The residue was reconstituted in 2000f water (HPLC 0.9 mL/min.
grade), and a 2(L aliquot of the mixture was injected into the The precursof> product ion transitions were monitored at

LC-MS/MS system. 245— 113, 250 113, 244 112, and 249> 112 for rib-
avirin, [13CJribavirin, viramidine, and’¥C]viramidine, respec-
3. LC-MS/MS system tively. Each transition was alternately monitored with a dwell

time of 150 ms. Collision-activated dissociation (CAD) gas was
The LC-MS/MS system consisted of a high-throughputset at 6 psi and curtain gas was set at 15 (arbitrary unit). The
liquid chromatographic (HTLC) system (Cohesive Technolo-Turbolon Spray (TIS) source temperature (TEM) was main-
gies, Franklin, MA) and an API 4000 mass spectrometefained at 650C, and the lonSpray voltage (IS) was set at
(Applied Biosystems, Foster City, CA). The LC separation5000V. The nebulizer (GS1) and TIS (GS2) were set at 50 and
was accomplished using a Waters Poldfitycolumn, C18, 60psi, respectively. Unit resolution was applied for both Q1
4.6 mmx 150 mm, 5um (Waters Associates, Watersbury, MA), and Q3.
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Fig. 2. Typical chromatogram of viramidine in extracted human: (a) plasma blank; (b) 1 ng/mL standard; and (c) 100 ng/mL standard.
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3.1. Method evaluation 3.2. Pharmacokinetic analysis

Precision (%CV) and accuracy (%bias) were calculated from Plasma concentrations equal to or above LLOQ were used for
the back-calculated concentrations of five standard curves prgharmacokinetic analysis using a model-independent method
pared from plasma. The LLOQ was the lowest concentration ifwinNonlin 4.0). The maximum plasma concentrati@infy)
the standard curve, where the %CV values (10 replicates) arghd time ofCmax (Tmax) Were the observed values. The area
bias from the back-calculated concentrations were <20%. Thender the plasma concentration-versus-time curve, from time
specificity of the assay was established by the lack of interferzero to the time of the final measurable sample, [AUC(tf)] was
ence at the retention times of viramidine, ribavirin, and theircalculated using the linear trapezoidal method. The elimination
internal standards. The recoveries of ribavirin and viramidingate constantX) was estimated as the slope of the regression
were determined by comparing the peak area ratio of extractesf the log concentration-versus-time curve. Half-lifg) was
standards with standards spiked after extraction, at the samwalculated by dividing 0.693 b¥.
nominal concentrations (low, medium, and high).

Freeze-and-thaw stability was determined by freezing anq, Results
thawing the low- and high-QC samples for three cycles before
analysis, with at least a 12 h interval between each cycle. Short- Typical LC-MS/MS chromatograms for viramidine and rib-
term stability was measured by leaving QC samples on bench fqyyirin compared with internal standards extracted from human
a certain time period before extraction. Post-injection stabilityp|asma are shown iRigs. 2 and 3respectively. The standard
of ribavirin and viramidine were determined for 24 h at room ¢;rve was obtained by fitting the ratio of peak height of virami-
temperature. dine or ribavirin to that of the internal standard against the
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Fig. 3. Typical chromatogram of ribavirin in extracted human: (a) plasma blank; (b) 1 ng/mL standard; and (c) 1000 ng/mL standard.
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cision and accuracy of the method were validated at 1, 5, 250,

and 1000 ng/mL. The results for inter-assaglfle 3 and intra-

Analyte Assayno. Regression  Slope Intercept ~ Correlation assay (able 4 demonstrated good precision (%CV between
coefficient 1.0 and 7.0%) and accuracy (%bias betweeh3 and 5.2%).
09AE 0.00921 000124 0.9980 Mean recovery of viramidine (5, 250, and 1000 ng/mL) from
10AE 0.00930 0.00602  0.9983 human plasma was 74.2%. Viramidine in human plasma was
Viramidine  11AE 1/x2 0.00915 0.00113  0.9984 found to be stable at room temperature for at least 3h (<11%
12AE 0.00934  0.00134  0.9987 change), at 4C for at least 6 h (<2% change), and for at least
13AE 0.00936 0.00145  0.9988 three freeze—thaw cycles (<6% change).
09AE 0.00589 0.00152  0.9989
10AE 0.00584 0.00731  0.9983 4.2. Ribavirin
Ribavirin ~ 11AE 1/x2 0.00599 0.00710  0.9979
EQE 8:8822; 8;88f§§ 8;332‘6‘ The correlation coefficients wepe0.9979 in human plasma

using the 1¥? linear regression plots.

4.1. Viramidine

(Table ). There were no interfering peaks in blank plasma

at the retention time of either ribavirin or the internal stan-
concentration (1-1000 ng/mL) of viramidine or ribavirin added,dard, indicating that the LC-MS/MS analysis for ribavirin
was selective. There was no matrix effect when peak ratio of
ribavirin/[13C]ribavirin was evaluated following extraction with
six different lots of control plasma (mean precision <1.4%).
Calibration standards showed good precision (%CV between
The correlation coefficients were0.9980 in human plasma 1.4 and 5.5%) and accuracy (%bias betwedhl and 5.9%)

(Table 1. There were no interfering peaks in blank plasmaffom 1 to 1000 ng/mL Table 3. Intra- and inter-day precision

at the retention time of either viramidine or the internal stan-and accuracy of the method were validated at 1, 5, 250, and
dard, indicating that the LC-MS/MS analysis for viramidine 1000 ng/mL. The results for inter-assdwble 3 and intra-assay
was highly selective. There was no matrix effect when peak ratiTable 4 demonstrated good precision (%CV between 0.8 and
of viramidine/f3C]viramidine was evaluated following extrac- 8.3%)and accuracy (%bias between 5.8 and 9.4%). Mean recov-
tion using six different lots of control plasma (mean precision€ry of ribavirin (5, 250, and 1000 ng/mL) from human plasma
<1.8%). Calibration standards showed good precision (%Cwas determined to be 96.8%. Ribavirin in human plasma was
between 1.1 and 4.1%) and accuracy (%bias betweef and  found to be stable at room temperature for at least 6 h (<12%
9.0%) from 1 to 1000 ng/mLTable 2. Intra- and inter-day pre- change) and for atleast three freeze—thaw cycles (<12% change).

Table 2
Standard curve accuracy and precision for viramidine and ribavirin

Analyte Parameter Nominal concentration (ng/mL)
1.00 5.00 25.0 100 250 500 1000
N 10 10 10 10 10 10 10
- Mean 1.00 5.05 245 109 243 504 942
Viramidine
%CV 411 3.90 1.09 1.73 1.55 2.02 221
%Bias 0.00 1.00 —2.00 9.00 —2.80 0.80 —5.80
N 10 10 10 10 10 10 10
Ribaviri Mean 0.988 5.27 25.0 106 243 492 939
foavinn %CV 5.50 3.55 2.84 1.37 1.67 2.83 3.25
%Bias -1.20 5.40 0.12 5.90 —2.60 —1.54 —6.06
Table 3

Inter-assay accuracy and precision for QC samples

Analyte Parameter LLOQ-QC (1 ng/mL) Low-QC (5 ng/mL) Mid-QC (250 ng/mL) High-QC (1000 ng/mL)
N 18 18 18 18
Ribaviri Mean 1.02 5.46 262 943
fbavirin %CV 6.95 3.63 1.75 2.01
%Bias 2.00 9.20 4.80 -5.70
N 18 18 18 18
Vi idi Mean 0.973 5.00 263 957
ramidine %CV 6.42 4.20 3.95 2.92
%Bia -2.7 0.0 5.2 —-4.3
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Table 4
Intra-assay accuracy and precision for QC samples
Analyte Parameter LLOQ-QC (1 ng/mL) Low-QC (5ng/mL) Mid-QC (250 ng/mL) High-QC (1000 ng/mL)
N 6 6 6 6
Ribaviri Mean 1.05 5.47 262 942
fbavirin %CV 8.3 2.3 1.3 0.8
%Bias 5.0 9.4 4.8 -5.8
N 6 6 6 6
Vi idi Mean 0.977 4.95 257 958
iramidine %CV 7.0 3.2 2.3 1.0
%Bias -2.3 -1.0 2.8 —4.2
1000.0 This sample preparation method is tedious and requires 0.2 mL

of plasma. In contrast, the current LC—-MS/MS method does not
require liquid—liquid phase extraction, and only requires 0.1 mL
of plasma. Furthermore, the LC-MS/MS method is highly spe-
o cific, with an LLOQ of 1 ng/mL. This sensitivity is sufficient
it e dnibeviin to measure plasma concentrations of ribavirin for at least nine
half-lives after theCmax, following intravenous administrations
at 30 mg/kg in rats (20.a2g/mL) and monkeys (12 /og/mL).
Recently we have reported an LC-MS/MS method for the
simultaneous determinations of ribavirin and viramidine in rat
- and monkey plasmad 6], as well as in human plasnja7].
0 240 480 720 960 1200 1440 The sensitivity of the method was similar to that reported previ-
Time (hr) ously for ribavirin, with an LLOQ of 10 ng/mL for both ribavirin
Fig. 4. Plasma concentration—time profiles for viramidine and ribavirin in manand Vlramldme' Ho""‘?"er* only one plafsma sample (0.05mL)
following oral administration of viramidine (600 mg). preparation was required for the analysis of both analytes, thus
using less plasma sample overall and, more importantly, signifi-
4.3. Pharmacokinetic studies cantly reducing the time required for sample preparation and MS
analysis.

This method was applied to the analysis of human plasma !N the presentstudy, we describe the development and valida-
from healthy subjects after a single oral dose of 600mg ofion of a much more sensitive LC-MS/MS for the simultaneous
viramidine. The mean plasma concentration—time curves fof€términations of viramidine and ribavirin concentrations with
viramidine are shown ifig. 4 Due to the excellent sensitivity &n LLOQ of only 1 ng/mL. This higher sensitivity was achieved
of the assay, with an LLOQ of 1 ng/mL for both viramidine and PY: (1) utilization of an AP1 4000 mass spectrometer instead of
ribavirin, serum concentrations were determined up to 248 h fof\P! 3000; (2) removal of perchloric acid during the protein pre-
viramidine and 1184 h for ribavirirlmax was within 1.5-3.0h  Cipitation step of the previous method; and (3) the switch from
for both viramidine and ribavirin. Results indicate that oral"0rmal-phase chroma_tography to _reverse-_pha_se_ chromatogra-
viramidine was absorbed and rapidly converted to ribavirin. RibPhy for better separation of ribavirin and viramidine from the
avirin AUC (22.5u.g himL) was 7.44 times the viramidine AUC €ndogenous peaks (most likely uridine and cytidine). With this
(3.05p.g h/mL), indicating extensive conversion of viramidine Sensitive LC-MS/MS method, we have been able to determine

100.0

== Viramidine

Concentration (ng/mL)

to ribavirin in man. plasma concentrations up to 248 h for viramidine and 1184 h
for ribavirin, as compared to 72 h for viramidine and 168 h for
5. Discussion ribavirin, previously.

Until recently, most analytical methods for the determina-6. Conclusions
tion of drugs in biological fluids were based on GC or HPLC
methods. The introduction of an HPLC-API/MS/MS system A very sensitive LC-MS/MS assay for simultaneous mea-
(HPLC combined with atmospheric pressure ionization tandensurements of viramidine and ribavirin in human plasma was
mass spectrometry) has provided new techniques for developstablished, validated and shown to be specific, precise, and
ing a more sensitive and specific assaying method. Previouslgccurate over a concentration range of 1-1000 ng/mL. Virami-
we reported an LC-MS/MS method for the determination of rib-dine and ribavirin were stable af€ for at least 6 h and after
avirinin rat and monkey plasmas using a silica column for HPLCthree freeze—thaw cycles. The method was found to be useful
separatiorf14]. In this method, plasma samples were cleanedor the simultaneous determinations of plasma concentrations
with liquid—liquid phase extraction, evaporated to drynesspf viramidine and ribavirin in man following oral administra-
reconstituted with HPLC mobile phase, and HPLC analyzedtion of viramidine.
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