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Abstract
Although liquid chromatography/electrospray ionization tandem mass spectrometry-based assays
have been reported for the measurement of the antiviral oseltamivir (OS) in human samples, these
assays either involve complicated sample pretreatment or lack sensitivity. Here we introduce a
straightforward approach to improve the assay performance for OS and its metabolite oseltamivir
carboxylate (OSC) in human plasma. A very low concentration of mobile phase modifier can
improve the ionization efficiency of both analytes, thus enabling a high sensitivity without any
matrix effect. The fast LC gradient further increases the sensitivity by narrowing the peak width
(6–9 seconds) and eluting the analytes at higher organic content. The increased ionization
efficiency and minimized matrix effects enabled us to introduce a one-step protein precipitation
for sample clean-up without compromising the sensitivity. The lower limit of quantification was
0.34 ng/mL for both analytes, which was at least 3 times more sensitive than published assays that
involve complicated sample pretreatment. The assay involves measurement of analytes and their
stable-isotope internal standards in small-volume (30-µL) plasma. Sodium fluoride was utilized to
prevent the hydrolysis of OS during and after sampling. The calibration curve was linear over the
range of 0.34–1000 ng/mL. Accuracy was 95–110% and the precision was 2.2–11.0%. This
method was applied successfully to the human pharmacokinetic study of OS, and can estimate the
relevant pharmacokinetic parameters of OS with more accuracy. The approach utilized in the
optimization of assay performance can be extended to the measurement of other drugs in
biomatrices.
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1. Introduction
Oseltamivir (OS), an ethyl ester prodrug that is rapidly converted in vivo to the active
neuraminidase inhibitor oseltamivir carboxylate (OSC), is the first-line therapy for patients
with influenza virus infection [1]. Consequently, post marketing clinical study continues to
fulfill a need to improve our understanding of the therapeutics and toxicity especially in
specific subpopulations. For example to assess pharmacokinetics and safety of oseltamivir in
high-risk populations such as young infants, immunocompromised patients and the severely
ill [2]. Determinations of drug concentration in these patient subgroups are often hampered
by inadequately sensitive analytical methods and blood sample volume limitations.
Accordingly, a very sensitive assay for the measurement of OS and OSC in small-volume
human plasma specimens is required. A technically simple assay would reduce costs and
increase availability to labs with limited resources. Therefore, a simple and routine assay for
the measurement of oseltamivir in human plasma without compromising high sensitivity is
particularly attractive.

Currently, liquid chromatography/electrospray ionization tandem mass spectrometry (LC-
MS/MS)-based assays have been reported for the measurement of OS and OSC in plasma or
blood [3–10]. Six of these assays measured OS and OSC in human plasma [3–6, 9, 10],
while one assay measured the analytes in human dried blood spots (DBS) [7]. The assays
used offline or online extraction for sample pretreatment, which can be time consuming and
costly. In these studies, the lower limit of quantification (LLOQ) for OS and OSC was 1–5
ng/mL and 1–20 ng/mL, respectively. The assay developed by Heinig et al. [5] was the most
sensitive one with a LLOQ of 1 ng/mL for both analytes. Only one recently reported assay
incorporates a simple protein precipitation as sample pretreatment [9]. Unfortunately, the
sensitivity of this assay was not satisfactory (LLOQ was 3 ng/mL for OS and 10 ng/mL for
OSC), and significant matrix effects were observed for OS and OSC.

This paper describes the optimization of electrolyte and chromatographic method to enhance
the assay performance for oseltamivir and its active metabolite oseltamivir carboxylate in
human plasma using high-performance liquid chromatography coupled with electrospray
ionization tandem mass spectrometry.

2. Experimental
A detailed description of experimental procedures is provided in the Supplementary Material
online.

2.1. Chemicals and reagents
Oseltamivir (OS), oseltamivir carboxylate (OSC), deuterated oseltamivir (OS-d3), and
deuterated oseltamivir carboxylate (OSC-d3) (Figure 1) were obtained from Toronto
Research Chemicals (North York, ON, Canada).

2.2. Chromatographic and mass spectrometric conditions
An AB SCIEX 3000 triple quadrupole mass spectrometer (Toronto, Canada) interfaced via a
turbo ion spray (ESI) source with a Shimadzu HPLC separation module (Norcross, GA,
USA) was used. The LC separation was achieved on a 5.0 µm Agilent Eclipse Plus C18
column (50 mm × 2.1 mm I.D.; Santa Clara, CA). Mobile phases were methanol/water, 1:99
(v/v), containing 2.5 mM formic acid, for A and methanol/water, 99:1 (v/v), modified with
the same electrolyte, for B. A pulse gradient chromatographic method was used, which was
modified from an earlier method we had developed for analysis of simmitecan [11].

Hu et al. Page 2

J Pharm Biomed Anal. Author manuscript; available in PMC 2014 January 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



The precursor-product ion pairs (singly protonated species) used for multiple reaction
monitoring (MRM) of OS, OSC, OS-d3, and OSC-d3 were m/z 313.4→225.1,
285.3→138.0, 316.4→228.0 and 288.3→ 200.0, respectively. Two stable-isotope internal
standards (IS), OS-d3 and OSC-d3, were used.

2.3. Plasma sample preparations
After deactivating blood esterases with sodium fluoride, the plasma samples (30 µL) were
precipitated with 100 µL of methanol containing the internal standards OS-d3 and OSC-d3
at 100 ng/mL. After centrifugation for 8.0 min at 16,000×g, 10 µL of the resulting
supernatant were injected into the LC-MS/MS. For the preparation of calibration curves,
blank plasma was obtained from centrifugation of drug-free blood treated with sodium
fluoride. The calibration standards were prepared using the blank plasma samples spiked
with OS and OSC, the concentrations ranges of which were 0.34–1000 ng/mL both for OS
and OSC.

2.4. Assessment of mobile phase modifier, matrix effects and assay validation
The effect of the formic acid concentration (0, 0.5, 2.5, and 25 mM) in the mobile phase on
the signal intensity of the tested compounds was studied. In order to identify whether the
human plasma components or blood additives (sodium fluoride) generate matrix effects on
the ESI-based measurement of the analytes and internal standards, a post-extraction spike
method was employed, which assessed the sample absolute and relative matrix effects.

Assay validation was carried out according to the US Food and Drug Administration
guidance on bioanalytical method validation to demonstrate that the newly developed
bioanalytical method was reliable for the intended applications [12].

2.5. Application to human pharmacokinetic study
To demonstrate its applicability, the newly developed analytical method was applied to
quantify the plasma concentration-time profile of oseltamivir in one healthy human subject
who received a single 150 mg oral dose of oseltamivir. This study was approved by the
University of Tennessee Health Science Center Institutional Review Board and the subject
provided written informed consent before participation. Serial blood samples (0, 0.5, 1.0,
1.5, 2, 3, 4, 6, 8, 10, and 24 h) were directly collected into BD Vacutainer tubes that
contained 15 mg of sodium fluoride and 12 mg of potassium oxalate. After gentle shaking
for 5–10 s, the plasma samples were separated and kept frozen at −70 °C until analysis.

Plasma pharmacokinetic parameters were calculated by standard non-compartmental
methods using WinNonlin 3.1 (Pharsight, Mountain View, CA).

3. Results and discussion
3.1. Optimization of ionization efficiency and matrix effects by mobile phase modifier

Poor ionization efficiency of analytes [13] and interference of matrix components [14–16] in
ESI source are two major problems with many LC-MS/MS-based bioanalytical assays. We
suggest that optimization of the ionization efficiency and matrix effects can be readily
realized by adjusting the mobile phase modifier, which has been largely ignored by the
earlier reported assays for OS.

The effect of the formic acid concentration in the LC mobile phase on the signal intensity of
the tested compounds is shown in Fig. 2A. The highest signal intensity was achieved when
the concentration of formic acid in the mobile phase was 0.5 mM (1.7- to 5.3-fold higher
than that in electrolyte-free mobile phase). Inclusion of a high concentration (50 mM) of
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mobile phase additive was shown to reduce the ESI response (Fig. 2A). Furthermore, formic
acid in the mobile phase dramatically decreased the interference by matrix effects (Fig. 2B).
The absolute matrix effects were minimized when the mobile phase contained 2.5 mM (or
more) formic acid (Fig. 2B). Considering both the signal intensity and matrix effects, 2.5
mM formic acid was used as the mobile phase modifier in the subsequent validation study.
This mobile phase modifier concentration is much lower than the 50 to 500 mM
concentrations of electrolytes (formic or acetic acid) used in the reported assays for OS [3–
10]. Therefore, it is likely that the ESI-based responses of analytes were suppressed by using
high concentrations of mobile phase modifiers in the earlier assays for OS.

The underlying mechanism concerning the effect of the formic acid on the signal intensity
and matrix effects needed to be considered. Analytes tend to have higher signal intensities in
mobile phase modified with formic acid as compared with electrolyte-free mobile phase,
because formic acid is believed to facilitate the formation of protonated species in ESI
droplets. However, further increasing the formic acid concentration was found to decrease
the ESI response. This can be explained by the fact that there is a limited amount of excess
charge and surfaces available on the ESI droplets [15]. High concentration of formic acid
would compete with the target analytes for the limited charge or space on the surface
droplet. It was interesting to note that serious matrix effects (signal enhancement) were
observed when using electrolyte-free mobile phase. We propose that electrolyte-like
component in plasma may facilitate the formation of protonated analytes in ESI droplets
when no electrolyte exists in the mobile phase. This effect would be minimal after a certain
amount of formic acid was added to the mobile phase.

The post-extraction spike-based assessment indicated that absolute matrix effects of sodium
fluoride-treated plasma samples on ESI-based measurement of OS and OSA were between
88% and 105% (n = 3) and the associated relative matrix effects were between 3.0% and
14.5% (n = 3) (Table 1). With regard to the previously published assays for OS in human
plasma or blood [3–7, 9, 10]; one study assessed the matrix effects appropriately and found
no significant matrix effect [4], three studies did not evaluate the matrix effects [3, 6, 10],
and the other three studies either did not assess the matrix effect properly or found
significant matrix effects without attempting to adjust the assay conditions to reduce them
[5, 7, 9].

3.2. The fast LC gradient
LC-MS sensitivity can be improved through increases in chromatographic performance
(narrowing of the peak widths) [17]. In addition, the LC-MS-based assay sensitivity is
normally better for analytes that are eluted at higher organic modifier content [18]. The
increased signal intensity may result from more efficient desolvation of the analyte in
organic modifier than in water, and from improved ESI spray stability due to the decreased
droplet surface tension [19]. Therefore, a very fast LC gradient was used here to increase the
sensitivity of analytes by narrowing the peak width and eluting the analytes at higher
organic modifier content. The fast LC gradient first retains the analytes with a mobile phase
containing 95% water (start proportion) allowing the unretained sample solvent and polar
matrix components to be washed from the column. The analytes are then eluted from the
column with a strong mobile phase containing 99% methanol (elution proportion), which
also results in favorable band compression on a conventional C18 column (5 µm particle
size). The peak widths for OS and OSC were around 6 and 9 seconds, respectively (Fig. 2C).
In contrast, the peak widths of most reported assays are about 18–60 seconds (obtained by
visual assessment of the figures). Only one published assay showed comparable peak widths
to those of our assay. It should be pointed out that this assay was the most sensitive of those
previously published, with a LLOQ of 1 ng/mL for both analytes [5].
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In summary, taking advantage of the fast LC gradient allowed us to further increase the
sensitivity of the analytes.

3.3. Selectivity, linearity, lower limit of quantification, and accuracy and precision
In the initial test, we found the precursor-product ion pair used for multiple reaction
monitoring of OS-d3 (288.3→200.0) could interfere with the detection of OS
(313.4→166.1). Therefore, we used an alternative precursor-product ion pair
(313.4→225.1) for OS to avoid the interference. The signal intensity of the two ion pairs for
OS was comparable.

Blank plasma samples from five donors were analyzed to determine whether plasma
components interfered with the detection of the compounds of interest (selectivity). No
significant interferences (≤ 20% of LLOQ) were observed at the retention times of OS and
OSC.

The calibration curves for quantification of OS and OSC in plasma showed good linear
relationships, ranging up to 1000 ng/mL with correlation coefficients >0.99. The within-run
(n = 3) and between-run (n = 3) precision of the assay were quite good for both of the
analytes, i.e., 2.2–11.0% and 1.8–9.9%, respectively, while the assay accuracy was also
satisfactory, i.e., 95–104% and 96–110%, respectively (Table 2). The LLOQ of a 30 µL
initial plasma sample size was 0.34 ng/mL for both analytes (Fig. 2C). The plasma sample
size utilized in this study is less than those of reported assays for human plasma (50–500 µL)
[3–6, 9, 10].

3.4. Stability of OS and OSC
In this study, the esterase inhibitor sodium fluoride was utilized to deactivate blood esterases
to prevent the hydrolysis of OS during and after sampling. After sodium fluoride-based
treatment of blood samples, both OS and OSC, as well as their respective internal standards,
were stable under analytical conditions mimicking those experienced by real samples. For
example, both OS and OSC were stable for at least 4.5 h in plasma samples at 24 °C, and
after three freeze-thaw cycles. The processed samples were also stable in the autosampler
for at least 18 h. The results of the long-term storage stability study showed the analytes
were stable for at least three weeks at −70°C. The stock solution stability (in water) was not
assessed in this study because previous studies demonstrated that both analytes were stable
in the stock solution for two years (−20 °C) [9].

3.5. Application to the human pharmacokinetic study
After assay validation, the newly developed bioanalytical method was applied to the
pharmacokinetic study of OS in one human subject. As shown in Fig. 3, both OS and the
metabolite OSC were measurable in all plasma samples up to 24 h. In general, the
pharmacokinetic parameters were similar to the reported values except for t1/2 of OS [20].
The t1/2 of OS presented here (6.5 h) was more than 2-fold higher than the reported values
(1.7 ± 0.5 h). We suggest this may be caused by the insufficient sensitivity of the earlier
assays which failed to measure the 24-h plasma samples with the concentration of OS lower
than 1 ng/mL. As shown in Fig. 3, the estimated t1/2 will be underestimated if we omit the
24-h point and recalculate the t1/2 based on the last three points (6-, 8-, and 10-h plasma
samples). This explanation is borne out by the results of our study of 10 healthy volunteers
that document an OS t1/2 of 4.2 ± 1.1 h. In addition, AUC0→∞ will also be underestimated
by 10% if we omit the 24-h point. Therefore, a more sensitive assay will provide a more
accurate estimation of the OS pharmacokinetic parameters.
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4. Conclusions
To our knowledge, this is the first assay for the measurement of OS and OSC in human
plasma that integrates both the high sensitivity and simplicity. The newly developed assay
was successfully applied to the human pharmacokinetic study of OS, and has the potential to
accurately estimate the pharmacokinetic parameters of OS with more confidence. The
approach utilized in the optimization of sensitivity and matrix effect is extremely
straightforward, and can be extended to the development of assays for other drugs in
biological samples.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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A simple and sensitive assay for plasma oseltamivir and its metabolite was described.

This is the first assay that integrates both the high sensitivity and simplicity.

The approach presented here can be used in the optimization of assays for other drugs.
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Fig. 1.
Chemical structures of oseltamivir (OS) and oseltamivir carboxylate (OSC), as well as those
of the two internal standards deuterated oseltamivir (OS-d3) and deuterated oseltamivir
carboxylate (OSC-d3).
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Fig. 2.
The effect of the formic acid concentration in LC mobile phase on the signal intensity (A)
and absolute matrix effects (B) of oseltamivir (solid circle, OS) and oseltamivir carboxylate
(open circle, OSC) (average values and standard deviations of triplicate measurements), and
exemplified chromatogram of OS and OSC at the lower limit of quantification (LLOQ) in
matrix-matched sample, monitored with scheduled MRMs for the following mass transitions
OS m/z 313.4→225.1 and OSC m/z 285.3→138.0 (C).
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Fig. 3.
Plasma concentration-time profile of oseltamivir (OS, solid circle) and the metabolite
oseltamivir carboxylate (OSC, open circle) after a single oral 150 mg dose of OS to a human
subject.
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Table 2

Accuracy and precision (RSD) for assay of oseltamivir (OS) and oseltamivir oseltamivir carboxylate (OSC) in
human plasma

Nominal
concentration
(ng/mL)

Within-run (n = 3) Between-run (n = 3)

Measured concentration (ng/mL)
mean ± SD (RSD)

Accuracy Measured concentration (ng/mL)
mean ± SD (RSD)

Accuracy

OS

0.34 (LLOQ) 0.33 ! 0.04 (11.0%) 97% 0.36 ! 0.04 (9.9%) 106%

4.1 3.90 ! 0.09 (2.2%) 95% 3.93 ± 0.07 (1.8%) 96%

37.1 37.1 ! 1.0 (2.7%) 100% 37.1 ± 0.8 (2.2%) 100%

333 339 ! 9 (2.5%) 102% 336 ± 8 (2.5%) 101%

OSC

0.34 (LLOQ) 0.36 ! 0.03 (9.7%) 104% 0.37 ! 0.03 (7.7%) 110%

4.1 4.04 ! 0.15 (3.7%) 98% 4.11 ± 0.14 (3.4%) 100%

37.1 37.5 ! 1.0 (2.6%) 101% 37.3 ± 0.8 (2.2%) 101%

333 339 ± 10 (3.0%) 102% 336 ± 8 (2.4%) 101%

The human plasma was treated with sodium fluoride before use.

J Pharm Biomed Anal. Author manuscript; available in PMC 2014 January 01.


