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This paper described a sensitive and rapid method based on ultra-performance liquid chromatography
coupled to tandem mass spectrometry (UPLC-MS/MS) for the determination of phenylephrine in human
plasma. Plasma samples were pre-purified by solid-phase extraction (SPE). The chromatographic sepa-
ration was achieved with BEH HILIC column using a mixture of 10 mM pH 3.5 ammonium formate and
acetonitrile (10:90, v/v) under isocratic conditions at a flow rate of 0.4 mL/min. The mass spectrometry
was carried out using positive electrospray ionization (ESI) and data acquisition was carried out in the
multiple reaction monitoring (MRM) mode. The method was fully validated over the concentration range
of 10.0-5000 pg/mL. The lower limit of quantification (LLOQ) was 10.0 pg/mL. Inter- and intra-batch pre-
cision was less than 15% and the accuracy was within 85-115%. Extraction recovery was 78.5%. Selectivity,
matrix effects and stability were also validated. The method was applied to the pharmacokinetic study
of phenylephrine hydrochloride in Chinese subjects.
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1. Introduction

Phenylephrine hydrochloride is a potent vasoconstrictor, pos-
sessing both direct and indirect sympathomimetic effect. It is
indicated for use by adults and children for the temporary relief
of nasal congestion inducing by the common cold, hay fever, or
other upper respiratory allergies [1,2].

Up to date, a few methods have been reported for the deter-
mination of phenylephrine in human plasma or serum. High
performance liquid chromatography (HPLC) with coulometric
detection [3] has been reported for the determination of phenyle-
phrine in human serum, but a volume of 1 mL sample was used
with a lowest limit of quantification (LLOQ) of 0.35 ng/mL. And the
run time for the HPLC was 25.0 min. The LLOQ of the liquid chro-
matography with electrochemical detection [4] method was only
2.0ng/mL and a volume of 1 mL sample was also needed. Although,
the more sensitive LC-MS/MS method has been reported [5], LLOQ
was only 51.0 pg/mL, the assay range was 51.0-5500 pg/mL and the
run time was 8.0 min. Therefore, these assay methods have some
defaults including narrow linearity range, low sensitivity, time con-
suming and requiring large volume sample for sample preparation,
which limit their widespread use in clinical application. In contrast,
UPLC-MS/MS offers improved resolution, speed, and sensitivity for
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analytical determinations [6], allowing rapid analysis of analytes.
This analytical platform has been used widely for the assessment
of analytes such as pharmaceuticals, long chain fatty acids, under-
ivatized amino acids and opiates in various matrices [7-10].

Based on previous pharmacokinetic study results [11], detection
of phenylephrine in human plasma required a LLOQ of 10.0 pg/mL.

Here we present a more sensitive and rapid method for the
determination of phenylephrine using only 250 p.L plasma for each
sample preparation. The run time was only 2.0 min using UPLC. And
the use of a stable isotope of the analyte as the internal standard
was thought to be able to yield better assay performance results
[12].

The objective of this study was to establish and validate an
UPLC-MS/MS method with high sensitivity and specificity for the
determination of phenylephrine in human plasma and to support
pharmacokinetic studies of phenylephrine.

2. Experimental
2.1. Chemicals and solvents

Phenylephrine (purity 99.9%) and its internal standard [2H3]
phenylephrine were provided by U.S. Pharmacopeia and BDG Syn-
thesis Limited, respectively. Acetonitrile was of chromatographic
grade and obtained from Burdick&Jackson Lab. Ammonium for-
mate and formic acid were of analytical grade and purchased from
Sigma-Aldrich Co. LLC. and Sinopharm Chemical Reagent Co., Ltd.,
respectively. Drug-free human plasma (anticoagulant: EDTA K3)
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was obtained from six different healthy subjects who were drug-
free for at least two weeks. Distilled water was prepared with a
Milli-Q water purifying system.

2.2. Calibration standard (CS) and quality control (QC) samples in
human plasma

Stock solutions of phenylephrine for CS and QC were prepared
separately in acetonitrile-water (50:50, v/v) after correction for
purity. The concentrations of stock solutions of phenylephrine for
CSand QCwere 500 and 400 pg/mL, respectively. A stock solution of
internal standard was also prepared in acetonitrile-water (50:50,
v/v). These stock solutions were further diluted to yield working
solutions at several concentration levels.

Calibration standards and QC samples in plasma was prepared
by diluting corresponding working solutions with drug-free human
plasma, respectively. The final concentrations of calibration stan-
dards were 10.0, 20.0, 100, 200, 500, 1000, 2000, 5000 pg/mL. The
final concentrations of QC were 25.0, 200 and 4000 pg/mL. Inter-
nal standard working solution (1.00 ng/mL) was prepared with
acetonitrile-water (50:50, v/v). Plasma samples were stored at
-70°C.

2.3. Sample preparation

Biological samples were extracted by a solid phase extrac-
tion (SPE) method using a Discovery DSC-18 SPE 96-well Plate
(100 mg, Supelco). Plasma, 250 L, was mixed with 50 L of inter-
nal standard (1.00 ng/mL). The SPE plate was conditioned with 3 mL
1% formic acid in acetonitrile and 1 mL water. The mixture, 300 L,
was then loaded onto the plate. SPE columns were washed with
1 mL water and 1 mL acetonitrile-water (50:50, v/v). The elution
of these compounds was carried out with 1 mL 1% formic acid in
acetonitrile. The eluates were added 50 p.L formic acid and evapo-
rated to dryness under nitrogen gas at room temperature. 1% formic
acid in acetonitrile, 100 wL, was finally added to the residues and
well mixed before injection. The operation of mixing the biological
matrices and internal standard was done in an ice bath.

2.4. Liquid chromatography—-tandem mass spectrometry

Plasma samples were analyzed using Acquity UPLC Core system
(Waters Co., MA, USA) coupled with API 5500 Qtrap tandem MS
equipped with an electrospray ionization (ESI) source (AB SCIEX,
CA, USA). Chromatography separation for plasma was carried out
on an ACQUITY UPLC BEH HILIC (2.1 mm x 50 mm, 1.7 pm) at 35°C.
The autosampler temperature was 10°C. The mobile phase was
10mM pH 3.5 ammonium formate-acetonitrile (10:90, v/v). The
flow rate was 0.4mL/min and the run time was 2.0 min with an
injection volume of 7.5 L.

Analysis was performed with an ionizing voltage of 4500V. The
ion source temperature was set at 550°C with ultrahigh-purity
nitrogen as curtain gas (30 psi), nebulizer gas (60 psi) and auxil-
iary gas (60 psi). Multiple reaction monitoring (MRM) was carried
out using nitrogen as collision gas (6 psi), and with a dwell time of
100 ms for each transition. The analytes were detected by monitor-
ing the transitions m/z 168.1 — 150.1 and 171.2 — 153.1 with the
same collision energy 15eV. The product ion mass spectra of the
analyte and internal standard are depicted in Fig. 1.

2.5. Method validation

The method was validated for selectivity, sensitivity, linearity,
recovery, matrix effects, precision, accuracy and stability according
to the US Food and Drug Administration (FDA) [13] and Chinese

State Food and Drug Administration (SFDA) guidelines [14] for the
validation of bioanalytical methods.

The specificity of this method was evaluated by comparison
of UPLC-MS/MS chromatograms of phenylephrine at the LLOQ to
those of six individual human blank plasma samples.

Calibration standards in human plasma were prepared and
analyzed in three independent runs. The calibration curves were
constructed by weighted (1/x2) least-square linear regression anal-
ysis of the peak area ratio of analyte to its internal standard
against nominal analyte concentration. The LLOQ is defined as the
lowest concentration on the calibration curve. The deviations of
back-calculated concentrations of calibration standards from their
nominal values should be within +20% for LLOQ and +15% for all
other calibration levels.

The extraction recovery of phenylephrine was calculated at
three levels (low, 25.0 pg/mL; medium, 200 pg/mL; and high,
4000 pg/mL) by comparing two groups of control samples: (A)
drug spiked to plasma and prepared normally (pre-extraction);
(B) drug spiked after extraction of blank plasma (post-extraction).
The ratio (A/B x 100) is defined as the extraction recovery. The
reproducibility of the extraction procedure was determined as
RSD%.

The matrix effects were evaluated at three levels (low,
25.0 pg/mL; medium, 200 pg/mL; and high, 400 pg/mL) too. Two
groups of samples were prepared: group 1 was prepared in
plasma originating from six different subjects and submitted to
the sample preparation process and spiked with phenylephrine
after processing (B); group 2 was prepared to evaluate the MS/MS
response for a pure standard of phenylephrine dissolved in the
mobile phase (C). The ratio (B/C x 100) is defined as the absolute
matrix effects. The assessment of the relative matrix effects, which
was expressed as RSD%, was made by a direct comparison of B
values between six different lots of plasma. The inter-subject vari-
ability of matrix effects at every concentration level should be less
than 15% [15-17].

Intra- and inter-batch precision and accuracy were determined
by measuring the concentrations of analyte in plasma in five repli-
cates of QC samples at three different concentrations for three
separate batches.

The stability of phenylephrine in biological matrices and in
working solution at different storage conditions were evaluated as
follows: The short-term stability of analyte in biological matrices
and in working solution was assessed after 3 h of storage in an ice
bath and at room temperature, respectively. The long-term stability
of analyte in human plasma was assessed after 249 days of storage
inafreezer at —70°C. The stability of analyte was assessed after two
freeze-thaw cycles (—70°C to room temperature). The stability of
analyte in extracts was also tested after 6h at 10°C.

3. Result and discussion
3.1. Extraction procedure optimization

Owing to the high polarity, recovery of phenylephrine by the
liquid-liquid extraction (LLE) method using diethyl ether, ethyl
acetate and dichloromethane is low. The matrix effects are signifi-
cant for the precipitating protein method. We therefore chose the
SPE method in which recovery is higher than LLE, and inter-subject
variability is lower.

Based on the pKa and polarity of phenylephrine, different SPE
columns were tried, such as Waters Oasis HLB and MCX, Phen-
omenex Strata-X CW. Thus, Supelco Discovery DSC-18 column
exhibited the highest recovery. However, when the Discovery DSC-
18 96-well plates were used, there was interference in the double
blank sample though the plates were new, which indicated there
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Fig. 1. Product ion spectrum and chemical structures of phenylephrine (upper) and internal standard (lower).

was interference in the new plates. Therefore, before using, the new
plates were washed with 3 mL 1% formic acid in acetonitrile to make
sure there was no interference left in the plates.

The composition of the elution solvent was also optimized.
It was found that if the samples were washed with water and
acetonitrile-water (50:50, v/v) and eluted using 1% formic acid in
acetonitrile during the SPE procedure, the highest and most robust
extraction efficiency was obtained.

Because phenylephrine is unstable in human plasma at room
temperature, mixing the biological matrices and internal standard
was done in an ice bath. Phenylephrine was stable during this sam-
ple preparation procedure for 3 h.

3.2. UPLC-MS/MS optimization

Because of the polarity, phenylephrine has no retention on
simple reverse-phase columns. Though it has retention on amide
columns, the sensitivity is low. We therefore chose the HILIC col-
umn which is suitable for the analysis of polar analytes. The peak
shape and sensitivity for phenylephrine and the internal standard
are both good.

Since phenylephrine is unstable in basic solution, a series of
aqueous formic acid with different pH values and buffers were
investigated. When 10 mM pH 3.5 ammonium formate is used as
the aqueous phase, a good chromatographic profile and sensitivity
was achieved.

The analyte was introduced into the mass spectrometer using an
electrospray interface, and the parameters such as ionizing voltage
(IS), declustering potential (DP) and entrance potential (EP) were
optimized to obtain protonated molecular ions [M+H]* based on
the structures. In order to achieve high specificity and sensitivity,
the MRM scan mode was selected to assay the analyte at the most
suitable collision energy (CE). Negative ionization was also applied,
but compared to the positive mode, the sensitivity was much lower.

3.3. Validation procedure

3.3.1. Selectivity, linearity and LLOQ

Chromatograms of a blank plasma, a calibration standard and
a subject’s plasma sample are shown in Fig. 2. No peaks eluting at
the retention times of the phenylephrine or internal standard were
detected in samples from 6 lots of human plasma.

A calibration curve was established ranging from 10.0 to
5000 pg/mL for plasma. Calibration curve was regressed using
linear equation with a weighting factor of 1/x2. Coefficients of cor-
relation of all calibration curves were more than 0.99. The LLOQ
was 10.0 pg/mL in plasma.

3.3.2. Recovery and matrix effects

The observed recovery for the extraction method from plasma
(meanvalue and RSD%,n=6)is shownin Table 1. The mean recovery
at different concentrations of phenylephrine was 78.5% in plasma
with little inter-subject variability.

Matrix effects and inter-subject variability data from plasma
of individual subjects who had not received phenylephrine are
summarized in Table 1. The inter-subject variabilities were up to
9.6%. This indicated little or no difference in ionization efficiency of
phenylephrine from different plasma lots.

3.3.3. Accuracy and precision

Precision and accuracy values were determined on three dif-
ferent batches by measuring five replicates of QC samples at three
concentration levels. The results are listed in Table 2. Intra-batch
accuracy ranged from 98.5% to 101.0%, while precisions were less
than 9.5%. Inter-batch accuracy ranged from 98.0% to 107.6%, while
precisions were less than 10.1%.

3.3.4. Stability

The stability tests of the analyte were designed to cover
expected conditions of handling of clinical samples. The stability
of the analyte in human plasma was investigated under a variety of

Table 1
Results of extraction recovery and matrix effects of phenylephrine in human plasma
(n=6).

Nominal concentration Recovery% Matrix effects’% (Inter-subject
(pg/mL) (RSD%) variability%?)

25 77.9 (9.5) 60.4 (4.9)

.0

200 79.1(8.1) 46.5(9.6)

4000 78.4(7.4) 47.1(3.8)

2 Expressed as RSD%.
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Fig. 2. MRM chromatograms of phenylephrine and internal standard in blank plasma (A and B), LLOQ (C and D) and plasma from a subject 2.5 h post-dose of phenylephrine

hydrochloride (E and F).
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Table 2
Accuracy and precision of intra- and inter batch for the detection of phenylephrine
in plasma.

Low QC Medium QC High QC
Nominal concentration 25.0 200 4000
(pg/mL)
Intra-batch
Mean found concentration 25.1 197 4040
(pg/mL) (n=5)
Precision (RSD%) 9.5 3.7 2.8
Accuracy (%) 100.4 98.5 101.0
Inter-batch
Mean found concentration 26.9 196 4060
(pg/mL) (n=15)
Precision (RSD%) 10.1 8.2 8.9
Accuracy (%) 107.6 98.0 101.5
1500
~~
g
R 1000
- |
=]
=
=
-]
5 500
Q
[=]
S
[&]
0o
0 1 2 ) 3 4 5 6
Time(h)

Fig. 3. The mean (+SD) concentration-time curve of phenylephrine in plasma from
20 Chinese subjects after oral administration of 10 mg phenylephrine hydrochloride.

storage and processing conditions. Briefly, two freeze/thaw cycles
and ice bath storage of the QC samples up to 3 h appeared to have
no effect on results of quantification of phenylephrine in plasma.
QC samples stored at —70°C remained stable for at least 249 days
in plasma. Processed samples were allowed to stand at 10°C in
extracts for 6 h prior to analysis, with no observed effect on results
of quantification. When working solutions of phenylephrine were
stored at room temperature for 6 h, the analyte was found to be
stable.

3.4. Application of the method in pharmacokinetic studies

In the present study, a specific, sensitive and rapid method based
on UPLC-MS/MS was developed and fully validated to quantify
phenylephrine in human plasma. This method was successfully
applied to determine the pharmacokineticprofile of phenylephrine

after orally administration of phenylephrine hydrochloride to
Chinese subjects. The study was approved by the Ethics Com-
mittee of Peking Union Medical College Hospital, and all subjects
signed the Informed Consent Form before the study. The mean
plasma concentration-time curve for the 10-mg phenylephrine
dose (n=20) is shown in Fig. 3.

4. Conclusion

A fast, sensitive and specific UPLC-MS/MS method based on SPE
extraction has been developed and validated for the determination
of phenylephrine concentrations in plasma. The extraction pro-
cedure and UPLC-MS/MS conditions were optimized in order to
improve the sensitivity and robustness of the method. The proce-
dure was fully validated. This method was successfully applied to
determine phenylephrine in human plasma and characterize the
pharmacokinetic profile of phenylephrine in Chinese subjects.
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