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A selective, rapid and sensitive high-performance liquid chromatography–tandem mass spectrometry
(HPLC–MS/MS) method was developed for the first time to determine pidotimod in human plasma and
applied to a pharmacokinetic study. Diphenhydramine was used as the internal standard (I.S.). Sample
pretreatment involved in one-step protein precipitation (PPT) with methanol of 0.1 mL plasma. The analy-
sis was carried out on an UltimateTM XB-C8 column with mobile phase of methanol–water containing 0.5%
idotimod
PLC–MS/MS
uman plasma
harmacokinetic study

formic acid (65:35, v/v). The detection was performed on a triple quadrupole tandem mass spectrometer
by multiple reaction monitoring (MRM) mode via electrospray ionization (ESI) source. Each plasma sam-
ple was chromatographed within 4.5 min. The linear calibration curves were obtained in the concentration
range of 0.05–20.00 �g/mL (r2 ≥ 0.99) with the lower limit of quantification (LLOQ) of 0.0500 �g/mL. The
intra- and inter-day precision (relative standard deviation, R.S.D.) values were below 15% and accuracy
(relative error, R.E.) was from −5.1% to 3.9% at all quality control (QC) levels. The method was applicable

ic stu
to clinical pharmacokinet

. Introduction

Pidotimod, (R)-3-[(S)-(5-oxo-2-pyrrolidinyl) carbonyl]-thiazol-
dine-4-carboxylic acid (Fig. 1A), is the first compound of a new
lass of biological response modifiers with a peptide-like struc-
ure, which can stimulate both the primary and acquired immune
esponse to virus and bacteria [1]. Studies demonstrated that pido-
imod itself does not have antibacterial activity, but combined with
ntibacterial agents can be effective in improving clinical symp-
oms of patients, promoting recovery and shortening hospital stay.
o date, however, pharmacokinetic studies of pidotimod are still
eldom reported. Therefore, the development of a sensitive and spe-
ific method to determine pidotimod in human plasma is necessary
nd valuable.

Several analytical methods have been applied to the quan-
ification of pidotimod in biological fluids, including HPLC-UV
2–4] and HPLC–MS [5]. But the low sensitivity (LLOQ higher than

.10 �g/mL) [3,4], long analysis time (longer than 8 min) [5] or

arge volumes of plasma samples (larger than 0.5 mL) [3,4] may
ot meet the requirement of desired sample throughput, speed
nd sensitivity in pharmacokinetic and clinical studies of pidoti-

∗ Corresponding author. Tel.: +86 24 2398 6289; fax: +86 24 2398 6289.
E-mail address: lifamei@syphu.edu.cn (F. Li).

570-0232/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2009.06.038
dy of pidotimod in healthy volunteers after oral administration.
© 2009 Elsevier B.V. All rights reserved.

mod. To our knowledge, the quantification of pidotimod in human
plasma using tandem mass spectrometry has not been reported.
Tandem MS with multiple reaction monitoring (MRM) mode usu-
ally has higher signal-to-noise ratio and then higher sensitivity
[6,7]. This paper describes for the first time a high-performance liq-
uid chromatography–tandem mass spectrometry (HPLC–MS/MS)
method, which facilitates the determination of pidotimod with
good accuracy at low drug concentration in human plasma. The
method was fully validated and applied to the pharmacokinetic
study in healthy volunteers after oral administration of 800 mg
pidotimod in tablets.

2. Experimental

2.1. Reagents and chemicals

Reference standard of pidotimod (99.6% purity, Fig. 1A) was pur-
chased from the National Institute for Control of Pharmaceutical
and Biological Products (Beijing, PR China). Diphenhydramine (I.S.,
99.5% purity, Fig. 1B) was kindly provided by Medicinal Chemistry

Department of Shenyang Pharmaceutical University. Methanol of
HPLC grade was obtained from Tedia (Fairfield, OH, USA). Formic
acid (HPLC grade) was purchased from Dikma (Richmond Hill, NY,
USA). Water was purified by redistillation and filtered through a
0.22 �m membrane filter before use.

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:lifamei@syphu.edu.cn
dx.doi.org/10.1016/j.jchromb.2009.06.038
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replicate analysis of QC samples of pidotimod on the same day.
The validation run consisted of two sets of calibration standards
Fig. 1. Chemical structures of pidotimod (A) and diphenhydramine (I.S.) (B).

.2. Apparatus and operation conditions

.2.1. Liquid chromatography
The chromatography was performed on an ACQUITY UPLCTM

ystem (Waters Corp., Milford, MA, USA) with cooling autosam-
ler. An UltimateTM XB-C8 column (50 mm × 4.6 mm i.d., 5 �m) was
mployed for the separation at ambient temperature. The mobile
hase was composed of methanol–water containing 0.5% formic
cid (65:35, v/v). The flow rate was set at 0.20 mL/min. The autosam-
ler temperature was kept at 4 ◦C and 10 �L of sample solution was

njected with partial loop mode.

.2.2. Mass spectrometry
Mass spectrometric detection was carried out on a Micromass®

uattro microTM API triple–quadrupole tandem mass spectrometer
Waters Corp., Milford, MA, USA) equipped with electrospray ion-
zation (ESI) interface. The ESI source was set in positive ionization

ode. Quantification was performed using multiple reaction mon-
toring (MRM) of the transitions of m/z 245.0 → 133.7 for pidotimod
nd m/z 256.0 → 166.8 for diphenhydramine (I.S.) respectively, with
can time of 0.10 s per transition. The optimal MS parameters were
s follows: capillary voltage 2.5 kV, cone voltage 18 V, source tem-
erature 110 ◦C and desolvation temperature 350 ◦C. Nitrogen was
sed as the desolvation and cone gas with a flow rate of 400 and
0 L/h respectively. Argon was used as the collision gas at a pres-
ure of approximately 0.255 Pa. The optimized collision energy for
he analyte and I.S. was 18 and 10 eV respectively. All data collected
n centroid mode were acquired and processed using MassLynxTM

T 4.1 software with QuanLynxTM program (Waters Corp., Milford,
A, USA).

.3. Preparation of standards and quality control samples

Stock standard solutions of pidotimod and diphenhydramine
ere prepared in methanol at the concentration of 400 and

05 �g/mL respectively. The internal standard (I.S.) solution was
repared by dilution with methanol to 52.5 ng/mL. And pidoti-
od stock solution was serially diluted with methanol to provide
orking standard solutions at desired concentrations. In addition,

ppropriate amount of pidotimod was dissolved in methanol to

ive a final concentration of 200 �g/mL for the preparation of qual-
ty control (QC) samples. All the solutions were stored at 4 ◦C and
rought to room temperature before use.

Calibration standards were prepared by evaporating 50 �L of
orking standard solutions to dryness and then fully mixing with
877 (2009) 2566–2570 2567

100 �L of blank plasma. The effective concentrations in standard
plasma samples were 0.0500, 0.150, 0.500, 1.00, 2.50, 5.00, 10.0, and
20.0 �g/mL. One calibration curve was constructed on each analysis
day using freshly prepared calibration standards. The QC samples
were prepared in bulk with the same procedure as for standard
samples and aliquots were stored at −20 ◦C. The LLOQ, low, mid
and high concentrations of QC samples were 0.0500, 0.100, 2.00
and 16.0 �g/mL. The standards and quality controls were extracted
on each analysis day with the same procedures for plasma samples
as described below.

2.4. Plasma sample preparation

Fifty microlitres of I.S. solution were pipetted into 1.5 mL
polypropylene micro-centrifuge tube and evaporated to dryness
under a gentle stream of nitrogen at 40 ◦C. The residue was vertex-
mixed with 100 �L of plasma for 30 s. And then 300 �L of methanol
was added to each tube. The mixture was vertex-mixed for 60 s
and centrifuged at 11 200 × g for 10 min. The supernatant (300 �L)
was transferred to an autosampler vial and an aliquot of 10 �L was
injected into the HPLC–MS/MS system for analysis.

2.5. Method validation

The method was validated for selectivity, linearity, precision,
accuracy, extraction recovery and stability according to FDA guid-
ance for validation of bioanalytical methods [8]. Validation runs
were conducted on three consecutive days. The peak area ratios
of pidotimod to the I.S. of QC samples were interpolated from
the calibration curve on the same day to give the concentra-
tion of pidotimod. The results from QC samples in three runs
were used to evaluate the precision and accuracy of the method
developed.

2.5.1. Selectivity
The selectivity was investigated by comparing chromatograms

of six different batches of blank plasma from six subjects to those
of corresponding standard plasma samples spiked with pidotimod
and I.S. (52.5 ng/mL) and plasma sample after oral dose of pidoti-
mod tablets.

2.5.2. Linearity and lower limit of quantification
Calibration curves were constructed by assaying standard

plasma samples at eight concentrations in the range of
0.0500–20.0 �g/mL with weighted (1/x2) least squares linear
regression. According to USP guidance [9], the limit of detection
(LOD) is the lowest amount of analyte in a sample that can be
detected, but not necessarily quantitated. The value of LOD was cal-
culated as the analyte concentration which gives rise to peak whose
height is 3 times the baseline noise. According to FDA guidance, the
LLOQ is defined as the lowest amount of an analyte in a sample
that can be quantitatively determined with acceptable precision
and accuracy, which are an R.S.D. of 20% and an R.E. of 80–120% in
this assay.

2.5.3. Precision and accuracy
The intra-day precision and accuracy were evaluated by using
and six replicates of LLOQ and QC samples at three concentrations.
For determining the inter-day accuracy and precision, analysis of
three batches of QC samples was performed on three consecutive
days. The precision was expressed as the relative standard deviation
(R.S.D.) and the accuracy as the relative error (R.E.).
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.5.4. Extraction recovery and matrix effect
The extraction recovery was determined by dividing the peak

reas of pidotimod added into blank plasma and extracted using
PT procedure with those obtained from the compound spiked into
quivalent volume of post-extraction supernatant. This procedure
as repeated for five replicates at three QC concentration levels

f 0.100, 2.00 and 16.0 �g/mL. The matrix effect was measured by
omparing the peak response of sample spiked post-extraction (A)
ith that of pure standard solution containing equivalent amount

f the compound (B). The ratio (A/B × 100)% was used to evaluate
he matrix effect. The extraction recovery and matrix effect of I.S.
ere also evaluated using the same procedure.

.5.5. Stability
The stability of pidotimod in human plasma was assessed by

nalyzing three replicates of low, mid and high QC samples under
ifferent temperature and time conditions. Freeze–thaw stability
as performed by subjecting unextracted QC samples to three

reeze (−20 ◦C)–thaw (room temperature) cycles. QC samples were
tored at −20 ◦C for 30 days and at ambient temperature for 4 h to
etermine long-term and short-term stability respectively. Post-
reparative stability was studied by analyzing the extracted QC
amples kept in the autosampler at 4 ◦C for 12 h. All stability testing
C samples were determined by using calibration curve of freshly
repared standards. The concentrations obtained were compared
ith the nominal values.

.6. Application to pharmacokinetic study

The method was applied to determine the plasma concentra-
ions of pidotimod from a clinical trial in which 20 healthy male
olunteers received two pidotimod tablets (containing 400 mg
idotimod each). The pharmacokinetic study was approved by the

ocal Ethics Committee and carried out in the hospital. All vol-
nteers gave their signed informed consent to participate in the
tudy according to the principles of the Declaration of Helsinki.
lood samples were collected into sodium heparin-containing
ubes before and at 0.25, 0.50, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0, 9.0, and
2.0 h post-dosing. The plasma was separated by centrifugation and
tored at −20 ◦C until analyzed.

The maximum plasma concentrations (Cmax) and their times
Tmax) were noted directly from the measured data. The elimina-
ion rate constant (ke) was calculated by linear regression of the
erminal points of the semi-log plot of plasma concentration against
ime. Elimination half-life (t1/2) was calculated using the for-

ula t1/2 = 0.693/ke. The area under the plasma concentration–time
urve (AUC0−t) to the last measurable plasma concentration (Ct)
as calculated by the linear trapezoidal rule. The area under the
lasma concentration–time curve to time infinity (AUC0−∞) was
alculated as: AUC0−∞ = AUC0−t + Ct/ke.

. Results and discussion

.1. Selection of internal standard

According to FDA guidance, an internal standard in the analy-
is of biological sample could be a structurally similar analog of
nalyte or a stable labeled compound [8]. Deuterated standard
ould be a preferred internal standard in HPLC–MS assay; how-

ver, it is not always commercially available. Therefore, a compound

hat has structure, extraction recovery, chromatographic and mass
pectrometric behavior similar to the analyte may be considered.
n our case, sulbactam, diphenhydramine and phenacetin though
elonging to different classes of compounds but with some struc-
ural similarity to the analyte were tested as the internal standard.
877 (2009) 2566–2570

Finally, diphenhydramine was chosen as I.S. due to its similarity to
pidotimod in retention, ionization and extraction efficiency.

3.2. Optimization of mass spectrometry

HPLC–MS/MS operation parameters were carefully optimized
for the determination of pidotimod. A standard solution (1 �g/mL)
of pidotimod and diphenhydramine was directly infused along with
the mobile phase into the mass spectrometer with ESI as the ioniza-
tion source. And the mass spectrometer was tuned in both positive
and negative ionization modes for pidotimod containing secondary
amino and carboxy groups. The response observed in positive ion-
ization mode was higher than that in negative ionization mode.
In the precursor ion full-scan spectra, the most abundant ions were
protonated molecules [M+H]+ at m/z 245.0 and 256.0 for pidotimod
and diphenhydramine respectively. Parameters such as desolvation
temperature, ESI source temperature, capillary and cone voltage,
flow rate of desolvation gas and cone gas were optimized to obtain
highest intensity of protonated molecule of pidotimod. The prod-
uct ion scan spectra showed high abundance fragment ions at m/z
133.7 and 166.8 for pidotimod and I.S. respectively. The collision gas
pressure and collision energy of collision-induced decomposition
(CID) were optimized for maximum response of the fragmentation
of m/z 133.7 for pidotimod. The ion transitions of m/z 245.0 → 133.7
for pidotimod and m/z 256.0 → 166.8 for I.S. were chosen for MRM.

3.3. Optimization of chromatography

Chromatographic conditions were optimized to obtain high
sensitivity and sample throughput. The mobile phase systems
of acetonitrile–water and methanol–water in various proportions
were tested. The signal-to-noise (S/N) ratio of pidotimod was obvi-
ously higher with methanol–water as the mobile phase than that
with acetonitrile–water. Methanol proportion in the mobile phase
from 60% to 90% was considered in the following experiment. In
view of the response of pidotimod, retention times and peak shapes
of both pidotimod and I.S., 65% methanol was the best.

The ionization of pidotimod and diphenhydramine was
increased by adding the additive in the mobile phase. Therefore,
formic acid and ammonium acetate were added into the mobile
phase to improve the response. The response of pidotimod was
distinctly increased by adding formic acid. The effect of formic
acid of 0.3%, 0.5% and 1.0% in aqueous phase on the response and
peak shape of pidotimod was investigated and 0.5% formic acid
was found to be the best. Finally, methanol–water containing 0.5%
formic acid (65:35, v/v) was adopted as the mobile phase.

It was difficult for pidotimod to be retained on C18 column due to
its strong polarity. The use of a C8 column benefited the retention of
the analyte and the separation from endogenous interference. The
short column provided a run time as short as 4.5 min per sample,
which was shorter than reported ones [2–5]. Although the chro-
matography was performed on an HPLC column (not under UPLC
conditions), the small dead volume of Acquity system still profited
the separation efficiency and run time.

Two channels were used for recording the response, channel 1
for pidotimod at retention time of 3.8 min, and channel 2 for the I.S.
at retention time of 4.0 min. No interference was observed for both
pidotimod and I.S. (Fig. 2).

3.4. Selection of extraction method
As pidotimod is a hydrophilic compound, protein precipitation
was chosen as the sample preparation method. Several protein
precipitants such as ethanol, methanol and acetonitrile were
investigated. Both methanol and acetonitrile could be taken as
the protein precipitant for they provided equivalent extraction
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present method.

3.5.4. Extraction recovery and matrix effect
The extract recoveries of pidotimod from human plasma were

80.3 ± 3.2%, 90.9 ± 4.1%, and 82.7 ± 2.7% at concentrations of 0.100,

Table 1
Linearity parameters of the method in the range of 0.0500–20.0 �g/mL during
method validation.

Run Intercept (×10−4) Slope (×10−1) Regression
ig. 2. Representative MRM chromatograms of pidotimod (peak 1, channel 1) and dip
B) a blank plasma sample spiked with pidotimod at the LLOQ of 0.0500 �g/mL an
dministration of pidotimod. The retention times of pidotimod and diphenhydrami

ecovery. Methanol was chosen as the precipitant for its better
ompatibility with mobile phase.

.5. Method validation

.5.1. Selectivity
Comparing the chromatograms of six batches of blank plasma

ith the spiked plasma demonstrated a good selectivity of the
ethod. As shown in Fig. 2A, the compound of interest was well

eparated from endogenous interference. Carry-over was elimi-
ated by rinsing system, which was demonstrated by analyzing
lank samples immediately following the samples at the highest
oncentration.

.5.2. Linearity and LLOQ
The standard calibration curves for pidotimod were linear over

he concentration range of 0.0500–20.0 �g/mL (r2 ≥ 0.99), with the
alue of LOD (0.0200 �g/mL). A typical regression equation for
he calibration curves was y = 2.70 × 10−1x + 5.59 × 10−4, r = 0.9946,
here y is the peak area ratio of pidotimod to I.S., and x is the

oncentration of pidotimod in plasma. The data of the linearity

arameters of the method during the method validation are given

n Table 1.
The lower limit of quantification (LLOQ) for pidotimod was

.0500 �g/mL in plasma with precision (R.S.D.) below 20% and
ccuracy (R.E.) within ±20% (Table 2), which was lower than that
ydramine (peak 2, channel 2) in human plasma samples. (A) A blank plasma sample;
henhydramine (52.5 ng/mL); (C) a plasma sample from a volunteer 0.5 h after oral
re 3.8 and 4.0 min respectively.

reported in the literature [2–5]. A corresponding chromatogram is
given in Fig. 2B. With present LLOQ of 0.0500 �g/mL, the pidotimod
concentration can be determined in plasma samples until 12 h after
a single oral dose of 800 mg pidotimod, which is sensitive enough to
investigate the pharmacokinetic behavior of pidotimod in human.

3.5.3. Precision and accuracy
The data of intra- and inter-day precision and accuracy of the

method are given in Table 2. The intra- and inter-day R.S.D.s were
not more than 7.1% and 14.9%, and R.E.s were from −5.5% to 3.9% at
three QC levels, indicating acceptable precision and accuracy of the
1 5.59 2.70 0.9946
2 5.90 2.22 0.9975
3 6.25 2.41 0.9976
Mean 5.91 2.44 0.9966
S.D. 0.33 0.24 0.0017
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Table 2
Precision and accuracy for the determination of pidotimod in human plasma (intra-day: n = 6; inter-day: n = 6 series per day, three days).

Added C (�g/mL) Found C (�g/mL) Intra-run R.S.D. (%) Inter-run R.S.D. (%) Accuracy R.E. (%)

LLOQ 0.0500 0.0473 ± 0.0030 6.6 2.5 −5.5
Low QC 0.100 0.0959 ± 0.0076 7.1 12.2 −4.1
Mid QC 2.00 2.08 ± 0.14 4.8 14.9 3.9
High QC 16.0 16.3 ± 1.2 6.5 11.7 1.6

Table 3
Stability of pidotimod in human plasma at three QC levels (n = 3).

Stability Mean ± S.D.

0.100 (�g/mL) 2.00 (�g/mL) 16.0 (�g/mL)

Short-term stability 0.101 ± 0.007 2.06 ± 0.23 16.8 ± 2.0
Long-term stability 0.103 ± 0.006 2.20 ± 0.09 16.2 ± 2.2
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reeze–thaw stability 0.0971 ± 0.0081 2.18 ± 0.12 16.5 ± 1.9
ost-preparative stability 0.103 ± 0.006 2.11 ± 0.09 17.4 ± 0.8

.00, and 16.0 �g/mL respectively. The mean extraction recovery of
.S. was 93.9 ± 1.5%. Thus, the consistency in recoveries of pidotimod
nd I.S. supported the extraction procedure for its application to
outine sample analysis.

Matrix effect is due to co-elution of some components present in
iological samples. These components may not give a signal in MRM
f target analyte but can certainly decrease or increase the analyte
esponse dramatically to affect the sensitivity, accuracy and preci-
ion of the method. Thus, the evaluation of matrix effect from the
nfluence of co-eluting components on analyte ionization is nec-
ssary for an HPLC–MS/MS method. All the ratios defined as in
ection 2 were between 85% and 115%. No significant matrix effect
or pidotimod and diphenhydramine was observed indicating that
o co-eluting substance influenced the ionization of the analytes
nd I.S.

.5.5. Stability of samples
The results from all stability tests are presented in Table 3,

hich indicated a good stability of pidotimod in plasma stored at
oom temperature for 4 h, at −20 ◦C for 30 days and during three
reeze–thaw cycles, and in prepared samples at 4 ◦C for 12 h. The

ethod is therefore proved to be applicable for routine analysis.

.6. Pharmacokinetic application

This validated HPLC–MS/MS method was successfully applied to
he pharmacokinetic study of pidotimod in healthy male volunteers

fter oral administration. Mean plasma concentration–time curve
f pidotimod in single dose study is shown in Fig. 3.

After administration of a single dose of 800 mg pidotimod, the
max and Tmax were 5.57 ± 2.57 �g/mL and 1.87 ± 0.23 h respec-
ively. Plasma concentration declined with a t1/2 of 1.82 ± 0.27 h. The [
Fig. 3. Mean plasma concentration–time curve of pidotimod in male volunteers
after a single oral dose of pidotimod.

AUC0−t and AUC0−∞ values obtained were 24.0 ± 9.6 �g h/mL and
25.1 ± 9.6 �g h/mL respectively. These pharmacokinetic parameters
were in accordance with those reported in the literatures [3–5,10],
indicating the applicability of this method to the pharmacokinetic
study of pidotimod.

4. Conclusion

A sensitive, selective and rapid HPLC–MS/MS method for the
determination of pidotimod in human plasma is described for the
first time. Comparing with the analytical methods reported in the
literatures, the method offered superior sensitivity with an LLOQ of
0.0500 �g/mL, satisfactory selectivity and short run time of 4.5 min.
The method has been successfully applied to the pharmacokinetic
study of pidotimod given in tablet to healthy volunteers.
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