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a b s t r a c t

A rapid, highly selective ultra performance liquid chromatography–electrospray ionisation–tandem mass
spectrometry method (UPLC–ESI–MS/MS) was developed and validated for the determination and phar-
macokinetic investigation of alprostadil in rat plasma. After a simple sample preparation procedure
involving a one-step liquid–liquid extraction, alprostadil and the internal standard, diphenhydramine,
were chromatographed on an ACQUITY UPLCTM BEH C18 column with gradient elution using a mobile
phase consisting of acetonitrile and water (containing 0.1% formic acid) at a flow rate of 0.25 mL min−1.
The detection was performed on a triple quadrupole tandem mass spectrometer in multiple reaction mon-
itoring (MRM) mode via an electrospray ionization (ESI) source. The calibration curve was linear (r2 = 0.99)
PLC–ESI–MS/MS

ethod validation
harmacokinetics
at plasma

over the concentration range 0.4–250.0 ng mL−1, with a lower limit of quantification of 0.4 ng mL−1 for
alprostadil. The inter- and intra-day precision (%R.S.D.) was less than 8.5% and 2.4%, respectively, and the
accuracy (RE%) was between 9.3% and 1.0% (n = 6). Alprostadil in rat plasma was stable when stored at
room temperature for 0.5 h and at −20 ◦C for two weeks. The method was very rapid, simple and reliable,
and was employed for the first time for the pharmacokinetic studies of alprostadil in rats after a single

n of
intravenous administratio

. Introduction

Alprostadil, a hormone drug, has been used for a long time for
he treatment of peripheral arterial occlusive disease [1–4] since
t is able to effectively inhibit platelet aggregation. However, it is
apidly metabolized by the lungs and as much as 80% of a single
ose may be metabolized in a single pass through the lungs [5,6].
herefore, the alprostadil plasma concentrations are very low. Due
o the difficulties in measuring alprostadil in plasma, there is very
ittle pharmacokinetic data for alprostadil obtained under in vivo
onditions.

Because of the clinical and biochemical significance of
lprostadil, a great deal of effort has been devoted for develop-
ng suitable analytical methods for the determination of alprostadil
n biological samples. The commonly used methods included gas
hromatographic–tandem mass spectrometric (GC–MS/MS) and

adioimmunoassay (RIA) [7,8]. Schweer et al. [7] developed a
C–MS/MS method for the determination of alprostadil in plasma
nd, although their method had a lower limit of detection (LOD)
n the picogram order, it was time-consuming and complicated

∗ Corresponding author. Tel.: +86 24 23986343; fax: +86 24 23911736.
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© 2009 Elsevier B.V. All rights reserved.

because of the multi-step derivatization procedure. Only eight sam-
ples could be analyzed per day according to this method. Hence,
the GC–MS/MS method was not feasible for high-throughout deter-
minations of biological samples. According to another report [8],
the RIA method possessed a lower LOD for alprostadil of about
3.9 pg mL−1. Nevertheless, this assay could produce radioactive
contamination and required very specialized and expensive equip-
ment. These problems restricted the further application of the RIA
method. Up to now, several LC/MS methods have been investi-
gated for the determination of alprostadil and an LC/MS method
has been reported for the determination of alprostadil in human
semen [9]. However, the lower limit of quantification (LLOQ)
was higher than 5.0 ng mL−1. Accordingly, it was not sensitive
enough to determine alprostadil in plasma for pharmacokinetic
studies after intravenous administration. Another LC/MS method
was investigated for the determination of prostaglandin-related
substances in human semen and rat brain [10]. During the sam-
ple preparation procedure, alprostadil needed to be acetylated
using acetic anhydride. Moreover, the study did not provide any

recovery data to establish the efficiency of the method. Thus,
it was not suitable for the determination and pharmacokinetic
studies of alprostadil in plasma either. In addition, none of the
above methods were validated. To sum up, this paper describes
the development and validation of an ultra performance liquid

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:tangpharm@sina.com
dx.doi.org/10.1016/j.jpba.2009.01.019
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hromatography–electrospray ionisation–tandem mass spectrom-
try (UPLC–ESI–MS/MS) method.

The purpose of this investigation was to develop a rapid, high
elective UPLC–ESI–MS/MS method with an LLOQ of alprostadil of
.4 ng mL−1 in rat plasma. The total run time was only 2.0 min for
ach sample. A comprehensive study of the stability of alprostadil
as also performed during our investigation. To our knowledge, this

s the first report of the development, validation and application of
UPLC–ESI–MS/MS method for the determination of alprostadil in

at plasma after a single intravenous administration of 50 �g kg−1

lprostadil.

. Experimental

.1. Materials and reagents

Alprostadil (Lot No. 140659-200401) was provided by the
ational Institute for the Control of Pharmaceutical and Biologi-
al Products (Beijing, China). Diphenhydramine (internal standard,
S) was a kind gift from the Department of Analytical Chemistry of
henyang Pharmaceutical University (Shenyang, China). The struc-
ures of alprostadil and IS are shown in Fig. 1. Acetonitrile and formic
cid (HPLC grade) were purchased from Dikma Company (Rich-
ond Hill, NY, USA). Purified water, used throughout the entire

xperiment, was obtained using a Barnstead EASYpure® II RF/UV
ltrapure water system (Dubuque, IA, USA). The water was passed
hrough a 0.22-�m membrane filter before use. All other chemicals
ere of analytical grade.

.2. Instrumentation and conditions

.2.1. Ultra performance liquid chromatography
Liquid chromatography was performed on an ACQUITYTM UPLC

ystem (Waters Corp., Milford, MA, USA) with an autosampler main-
ained at 4 ◦C. The separation was carried out on an ACQUITY
PLCTM BEH C18 column (50 mm × 2.1 mm i.d., 1.7 �m; Waters
orp., Milford, MA, USA) and the column temperature was main-
ained at 35 ◦C. The analysis was carried out by gradient elution
sing acetonitrile (A) and water (B, containing 0.1% formic acid)
s the mobile phase at a flow rate of 0.25 mL min−1. The gradient
onditions of the mobile phase were as follows: A was increased
inearly from initially 30% to 60% during the first 0.6 min, and was
eld for 0.8 min. After 1.4 min, the composition was reset to the

nitial composition and 0.6-min re-equilibration time was allowed.
he injection volume was 5 �L using the partial loop mode.

.2.2. Mass spectrometry
A Waters ACQUITYTM TQD triple quadrupole tandem mass

pectrometer (Waters Corp, Manchester, UK) with an electrospray

onization (ESI) interface was used for mass analysis. The ESI source
as operated in negative ionization mode for alprostadil, and in
ositive ionization mode for the IS. The optimal ESI source param-
ters for alprostadil were as follows: capillary 2.0 kV, cone voltage
2 V, extractor 3.0 V and RF 0.1 V. The ESI source parameters for IS

Fig. 1. The structures of alprostadil (a) and diphenhydramine (b).
iomedical Analysis 49 (2009) 983–988

were as follows: capillary 3.9 kV, cone voltage 30 V, extractor 4.0 V
and RF 0.2 V. The temperature of the source and desolvation was
set at 100 and 400 ◦C, respectively. Nitrogen was used as the desol-
vation gas (550 L h−1) and cone gas (50 L h−1) for nebulization. For
collision-induced dissociation (CID), argon was used as the collision
gas at a pressure of approximately 2.91 × 10−3 mbar. The collision
energy was 15 eV for both alprostadil and IS. Quantification was
carried out using the multiple reaction monitoring (MRM) mode.
The fragmentation transitions for MRM were m/z 353.1 → 317.1 amu
for alprostadil, and m/z 256.1 → 166.9 amu for IS, with a scan time
of 0.02 s per transition. All data collected in centroid mode were
acquired using MassLynxTM NT4.1 software (Waters Corp., Milford,
MA, USA). Post-acquisition quantitative analyses were carried out
using a QuanLynxTM program (Waters Corp., Milford, MA, USA).

2.3. Animals and blood sampling

The experimental protocol was approved by the University
Ethics Committee for the use of experimental animals and all ani-
mal studies were carried out according to the Guide for Care and
Use of Laboratory Animals.

Male Wistar rats, weighing 250 ± 20 g, were obtained from
the Laboratory of the Animal Center of Shenyang Pharmaceuti-
cal University. Rats were housed in an environmentally controlled
breeding room (temperature 22 ± 3 ◦C, relative humidity 45–60%)
for one week before the experiments, and were fasted for 12 h but
were allowed water ad libitum before drug administration. Then,
50 �g kg−1 alprostadil in physiological saline solution was admin-
istered to the rats via the femoral vein. Blood samples (0.3 mL)
were collected from each rat by catheterization of the jugular
vein at times of 0 (pre-dose), 0.33, 0.67, 1, 2, 4, 6, 10, 15, 30, 45
and 60 min, and transferred immediately to heparinized Eppendorf
tubes (1.5 mL). The blood samples were centrifuged immediately at
4000 × g for 5 min at 2 ± 2 ◦C to obtain plasma samples.

2.4. Preparations of standard and quality control (QC) solutions

Alprostadil was dissolved in methanol to give a 1 �g mL−1 stock
solution. The stock solution was then serially diluted with methanol
to obtain working standard solutions of desired concentrations. IS
working solution containing 4 ng mL−1 was prepared in the same
manner. All working solutions were stored at −20 ◦C.

2.5. Preparation of calibration standards and quality control
samples

The standard working solutions of alprostadil (20 �L) were used
to spike blank rat plasma samples (100 �L), both in the pre-study
validation and during the pharmacokinetic study. The calibration
standards were prepared at concentrations of 0.4, 0.8, 2.0, 4.0, 10,
20, 50, 100 and 250 ng mL−1 in plasma. The QC samples used in the
validation and the pharmacokinetic studies were prepared in the
same way as the calibration standards at concentrations of 0.4, 0.8,
20 and 200 ng mL−1, representing the LLOQ, low, medium and high
concentrations, respectively.

2.6. Plasma sample preparation

All the plasma samples obtained after centrifugation were pro-
cessed immediately. To a 100-�L aliquot of plasma sample were
added 20 �L IS (4 ng mL−1 methanol solution) and 100 �L water.

The mixture was then vortexed for 1 min and extracted with 3.0 mL
ethyl acetate by shaking for 5 min in a test-tube shaker, then cen-
trifuged at 4000 × g (2 ± 2 ◦C) for 10 min to separate the organic and
aqueous phases. The supernatant organic phase was transferred
to another polyethylene tube (5 mL) and evaporated to dryness
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t 50 ◦C in a centrifugal concentrator (Labconco Corp., MO, USA).
he residue was reconstituted in 50 �L methanol and vortex-mixed
or 5 min. After centrifugation (2 ± 2 ◦C) at 16,000 × g for 10 min,
he supernatant was transferred to an autosampler vial. Then, a
-�L aliquot of the reconstituted extract was injected into the
PLC–ESI–MS/MS system for analysis.

.7. Method validation

The validation of the bioanalytical method was performed in
ompliance with the FDA guideline [11]. Method validation usually
ncludes selectivity, linearity, LLOQ, accuracy, precision, recovery,

atrix effect and stability.

.7.1. Selectivity
The selectivity of the method was investigated by analyzing

lank plasma from six different rats, QC plasma samples and
lasma samples after intravenous administration. Chromatograms
ere examined to determine the presence of any endogenous con-

tituents which might potentially interfere with the analysis of
lprostadil and IS.

.7.2. Linearity and LLOQ
To assess linearity, plasma calibration curves (0.4–250.0

g mL−1) were prepared and assayed on 3 consecutive days. The cal-
bration curves were fitted by linear least-square regression using
/x2 as a weight factor of the peak-area ratios of alprostadil to IS
ersus alprostadil plasma concentrations. The peak-area ratios of
lprostadil/IS of unknown samples or QC samples were then inter-
olated from the calibration curve to calculate the concentrations
f alprostadil in the QC and test samples.

The LLOQ was defined as the lowest concentration on the cali-
ration curve with acceptable precision and accuracy (six replicates
ith a relative standard deviation (R.S.D.) below 20% and relative

rror (RE) within ±20%).

.7.3. Accuracy, precision and extraction recovery
The intra- and inter-run precision and accuracy were assessed

y determining QC samples using six replicates at three concen-
rations on 3 different validation days. Precision was calculated as
he R.S.D. within a single run and between different runs. Accu-
acy was expressed by RE, i.e. (determined concentration − nominal
oncentration)/(nominal concentration) × 100%. The intra- and
nter-precision should not exceed 15% and the accuracy should be

ithin ±15%, except for the low QC samples where the precision
hould be below 20% and the accuracy within ±20%.

The extraction recoveries of alprostadil were calculated by
omparing the mean peak areas of alprostadil obtained from six
xtracted low, medium and high QC samples with those of six
pike-after-extraction samples that represent 100% recovery. The
xtraction recovery of IS was estimated in the same manner in the
edium QC samples.

.7.4. Matrix effect
According to a published report [12], the quantitative measure of

he matrix effect can be termed the matrix factor (MF). In our inves-
igation, the IS normalized MF was determined and was defined as

he ratio of the peak-area ratio of alprostadil/IS in the presence of

atrix ions (A) to the peak-area ratio of alprostadil/IS in the absence
f matrix ions (B), i.e. IS normalized MF = (A/B × 100%). Three con-
entrations of alprostadil in each of six replicates were studied. The
alue (A/B × 100%) was used to evaluate the matrix effect and, if
t ranged from 85% to 115%, it was concluded that there was no
ignificant matrix effect.
iomedical Analysis 49 (2009) 983–988 985

2.7.5. Stability
The stabilities of solutions kept at 4 ◦C for one week and at

−20 ◦C for two weeks were estimated. Triplicate QC plasma samples
with low and high concentrations were subjected to the conditions
below. Storage stability was determined by assaying QC plasma
samples after storage at −20 ◦C for two weeks. The freeze–thaw
stability was investigated after three freeze (−20 ◦C)–thaw (room
temperature) cycles. The short-term stability was assessed by ana-
lyzing QC plasma samples kept at ambient temperature for 0.5 and
1.0 h. The stability of alprostadil in the supernatant, which was
determined by spiking the supernatant with QC solutions after
extraction, was investigated at an ambient temperature for 2 h and
the stability at 4 ◦C for 4 h was also studied. Post-preparative sta-
bility was assessed by analyzing the extracted QC plasma samples
kept in autosampler vials at 4 ◦C for 4 h. Mean peak areas obtained
from the analysis of the stored samples were compared to those
obtained from the analysis of freshly prepared plasma samples.

3. Results and discussion

3.1. IS and extraction solvent

For LC–MS/MS quantification assay, a stable isotope-labeled
analyte is the optimal IS. However, sometimes it was difficult to
obtain such a reference standard. Moreover, an analog of the analyte
could be an alternative IS, since it would exhibit similar behavior to
the analyte during the entire sample extraction, chromatographic
elution and mass spectrometric detection procedures. However,
none of the analogs of alprostadil were stable, so they were not
suitable for an IS. Finally, diphenhydramine was chosen as the IS,
since diphenhydramine produces a stable ion with a high response
and is eluted rapidly under the same UPLC–MS/MS conditions as
alprostadil.

Currently, the most widely employed biological sample prepa-
ration method is liquid–liquid extraction (LLE). It was reported
that the SPE can be employed for the clean-up of alprostadil
[7,10], although there is no evidence to prove the method is effi-
cient since no recovery data have been provided. Compared with
protein precipitation (PPT), a one-step LLE could produce a rela-
tive clean sample and reduce the possibility of introducing highly
polar materials into the column and MS system. Several organic
extraction solvents were investigated, including ethyl acetate, ethyl
acetate–diethyl ether (80:20, v/v), tert-butyl methyl ether (TBME),
and n-hexane. The order of the extraction recovery for alprostadil
was as follows, ethyl acetate > ethyl acetate–diethyl ether (80:20,
v/v) > TBME > n-hexane. The ethyl acetate clearly produced the
highest recovery for alprostadil. Ethyl acetate–diethyl ether (80:20,
v/v) and TBME both exhibited a high extraction recovery for the
IS, but both were less efficient for alprostadil (ca. less than 50%).
n-Hexane produced a low recovery of alprostadil, as well as the IS.
Therefore, ethyl acetate was chosen as the extraction solvent.

3.2. Mass spectrometry

The instrument parameters were adjusted to maximize the
responses for alprostadil and IS by direct administration of their
standard solutions into the mass spectrometer. Acquisition of mass
spectrometry data for alprostadil standards was performed in neg-
ative ionization mode, while IS data were obtained in positive
ionization mode. Alprostadil formed predominately deprotonated

molecules at m/z 353.1 [M-H]− while the IS formed predominately
protonated molecules at m/z 256.1 [M+H]+ in the MS-scan mass
spectra. The product ion spectra of alprostadil and IS are shown
in Fig. 2. Alprostadil exhibited a higher fragment ion signal at m/z
317.1, formed by the elimination of two water molecules ([M-H-
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where, Y represents the peak-area ratio of alprostadil to the IS and
x represents the concentration of alprostadil in rat plasma. The pre-
cision of the slope of calibration curves above was 2.3%, and that of
the intercept was 6.1%.
Fig. 2. Product ion spectra of alprostadil (a) and diphenhydramine (b).

6]−), and this is confirmed in the literature [13]. Diphenhydramine
xhibited a major fragment ion at m/z 166.9, produced from the loss
f a neutral fragment of [HOCH2CH2N(CH3)2].

Initially, acquisitions in positive mode for alprostadil were also
ried, but no obvious [M+H]+ ion signal was observed. Finally,
wo different ionization modes via ESI were employed to monitor
lprostadil and IS. The mass transitions chosen for quantification
ere m/z 353.1 → m/z 317.1 for alprostadil, and m/z 256.1 → m/z

66.9 for IS.

.3. Chromatography

The separation was performed on a column packed with sub-
.7 �m particles. The use of small particles of stationary phase
llowed UPLC to extend the limits of both the peak capacity
due to higher efficiency) and speed of analysis (due to higher
inear velocities) without compromising resolution [14]. Chromato-
raphic separation was performed by gradient elution, since it
arkedly prolongs the column life, improves the chromatographic

eak shapes, increases the response and shortens the elution time.
he mobile phase was composed of acetonitrile–water (contain-
ng 0.1% formic acid) and the presence of a small amount of
ormic acid in the mobile phase assisted in reducing the reten-
ion time of the IS to 1.09 min, due to the alkaline nature of the
S.

Two other mobile phases, acetonitrile–water (containing 0.1%
mmonium hydroxide) and acetonitrile–water, were also inves-
igated. Alprostadil was eluted rapidly by acetonitrile–water
containing 0.1% ammonium hydroxide) within 0.6 min. The corre-
ponding retention factors (k) approached 1.0 and, consequently, it
as not suitable as the mobile phase. For the acetonitrile–water
ixture, the signal-to-noise ratio of alprostadil was similar to

hat of alprostadil eluted with acetonitrile–water (containing 0.1%
ormic acid). However, the retention time of IS was prolonged and
he peak shape of IS became broader and deteriorated. Conse-
uently, acetonitrile–water (containing 0.1% formic acid) was used
or the chromatographic separation.

A diverting valve, between the column and the mass spectrom-
ter, was used to reduce contamination of the mass spectrometer.
he UPLC flow passed into a waste container during the first 0.8 min
f the elution process. It entered the mass spectrometer only when
he analytes were eluted (0.8–2.0 min).

Two channels were used for recording. Channel 1 was for
lprostadil with a typical retention time of 1.26 min, and channel 2
as for the IS with a typical retention time of 1.09 min. As shown

n Fig. 3, both alprostadil and IS were well separated with excellent

eak shapes. The very narrow chromatographic peaks with a peak
idth about 5 s, produced by UPLCTM, resulted in an increase in the

hromatographic efficiency and sensitivity. Both alprostadil and IS
ere rapidly eluted with retention times less than 2.0 min. The total
iomedical Analysis 49 (2009) 983–988

run time was only 2.0 min per sample, which was much less than
the literature values (more than 6 min) [10,13].

3.4. Method validation

3.4.1. Selectivity
Typical MRM chromatograms of alprostadil (peak I, channel 1)

and IS (peak II, channel 2) in rat plasma samples are shown in Fig. 3,
(a) is a blank plasma sample; (b) is a blank plasma sample spiked
with alprostadil at the LLOQ of 0.4 ng mL−1 and IS (4 ng mL−1); (c) is
a plasma sample (with a plasma concentration of 208.2 ng mL−1 for
alprostadil) from a rat at 20 s after a single intravenous administra-
tion of 50 �g kg−1 alprostadil. No interfering peaks were observed.
The typical retention times for alprostadil and IS were 1.26 and
1.09 min, respectively.

3.4.2. Linearity and LLOQ
The peak-area ratios of alprostadil to the IS versus the nom-

inal concentration displayed a good linear relationship over the
concentration ranges of 0.4–250.0 ng mL−1 in rat plasma. Typical
regression equations for 3 consecutive days are as follows:

the first day: Y = 2.609 × 10−3 x + 1.695 × 10−3, r = 0.9918
the second day: Y = 2.695 × 10−3 x + 1.508 × 10−3, r = 0.9962
the third day: Y = 2.731 × 10−3 x + 1.654 × 10−3, r = 0.9952
Fig. 3. Representative MRM chromatograms of alprostadil (peak I, channel 1) and IS
(peak II, channel 2) in rat plasma samples: (a) blank plasma sample; (b) blank plasma
sample spiked with alprostadil at the LLOQ of 0.4 ng mL−1 and IS (4 ng mL−1); (c)
plasma sample (with a plasma concentration of 208.2 ng mL−1 for alprostadil) from
a rat at 20 s after a single intravenous administration of 50 �g kg−1 alprostadil.
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Table 1
Accuracy and precision for the analysis of alprostadil in rat plasma (n = 3 days, six replicates per day).

Added concentration (ng mL−1) Detected concentration (ng mL−1) Intra-day R.S.D. (%) Inter-day R.S.D. (%) RE (%)

14.1 – 11.5
13.6 10.7 −11.3
9.2 8.2 −8.2

2 8.0 7.1 5.2
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Fig. 4. Mean plasma concentration–time profile of alprostadil following a single
intravenous administration of 50 �g kg−1 to six male rats.

Table 2
The main pharmacokinetic parameters of alprostadil after a single intravenous
administration of 50 �g kg−1 alprostadil to six male rats.

Parameter Unit Value

at1/2˛ min 0.234 ± 0.292
bt1/2ˇ min 0.239 ± 0.682
ct1/2� min 4.23 ± 2.28
dV1 L kg−1 0.098 ± 0.045
eCL L min−1 kg−1 0.092 ± 0.010
fAUC(0–t) �g min L−1 440 ± 76
fAUC(0–∞) �g min L−1 546 ± 64
gK10 min−1 0.938 ± 0.388
gK12 min−1 0.055 ± 0.386
gK21 min−1 2.91 ± 1.44
gK31 min−1 0.366 ± 0.188
gK13 min−1 1.76 ± 0.80

a Rapid-distribution half-life.
b Slow-distribution half-life.
c Elimination half-life.
d Apparent volume of distribution.

tine analysis of large batches of biological samples. It is superior
0.4 0.45
0.8 0.71

20.0 18.36
00.0 210.41

The LLOQ for alprostadil was established at 0.4 ng mL−1. The pre-
ision and accuracy at this concentration were acceptable, with an
.S.D. of 14.1% and an RE of ± 11.5%.

.4.3. Precision, accuracy and extraction recovery
The method showed good precision and accuracy. The intra- and

nter-day precision and accuracy of the assay were investigated by
nalyzing QC samples. All the values are summarized in Table 1.
he intra-day R.S.D. was below 13.6% and the inter-day R.S.D. was
elow 10.7% while the RE (accuracy) was within ±11.3%. Hence, the
ethod was proved to be both accurate and precise.
The clean-up of the plasma samples was achieved through a

ne-step LLE procedure. Ethyl acetate was applied as an extrac-
ion solvent and the recoveries of alprostadil at concentrations
f 0.8, 20.0 and 200.0 ng mL−1 were 77.0 ± 2.0%, 74.6 ± 2.5% and
5.1 ± 1.0%, respectively. In addition, the recovery of the IS was
5.4 ± 3.5% and the recovery of alprostadil and the IS met the
equirement for the analysis of biological samples.

.4.4. Matrix effect
An investigation was carried out to evaluate the possibility of a

atrix effect caused by ionization competition between the ana-
ytes and co-eluents when using LC–MS–MS for analysis. The IS
ormalized MFs were in the range of 93.3–104.5%. These results
how that no endogenous species interfered with the ionization of
he analyte.

.4.5. Stability
The working solutions exhibited no obvious signs of degrada-

ion after one week of storage at 4 ◦C. For the solutions stored at
20 ◦C for two weeks, the same result was obtained. Alprostadil was

hown to be stable (RE within ±11.8%) in rat plasma for two weeks
hen stored at −20 ◦C. Alprostadil was found to degrade by 15.8%

fter three freeze–thaw cycles in rat plasma. It has been reported
hat alprostadil degrades rapidly in rat plasma at 37 ◦C [15]. In our
xperiment, it was also observed that the unprocessed QC samples
egraded by about 11.4% after 0.5 h at room temperature, and by
bout 23.1% after 1.0 h at room temperature. The analyte was sta-
le (the deviation ranging from 87.3% to 109.2%) in the supernatant
fter extraction for 2 h at ambient temperature and stable (the devi-
tion ranging from 90.3% to 110.2%) for 4 h at 4 ◦C. Alprostadil was
ound to be stable (RE within ±6.7%) in the reconstitution solution
t 4 ◦C for 4 h. Taking all the above observations into considera-
ion, the plasma samples should be extracted immediately after
entrifugation.

.5. Pharmacokinetic studies

The presented method was successfully applied to determine
lprostadil in rat plasma obtained from six rats following a single
ntravenous administration of 50 �g kg−1 alprostadil. The profiles
f the mean plasma concentrations versus time are shown in

ig. 4. The pharmacokinetic results were processed using drug
nd statistics (DAS) software, version 2.0 (Mathematical Pharma-
ology Professional Committee of China, Shanghai, China). The
orresponding pharmacokinetic parameters of alprostadil are pre-
ented in Table 2. The plasma concentration of alprostadil fell
e Clearance.
f Area under Concentration–time curve.
g Rate constant.

rapidly after intravenous administration of alprostadil. The calcu-
lated elimination half-life (t1/2� ) was 4.233 min, which was similar
to the pharmacokinetics of alprostadil in humans described in the
literature [16].

4. Conclusion

A UPLC–ESI–MS/MS method for the quantification of alprostadil
in rat plasma was developed and validated. The method is rapid,
and highly selective with an LLOQ at 0.4 ng mL−1 for alprostadil
using 100 �L rat plasma. The total run time was only 2.0 min per
sample and the plasma sample pretreatment was a one-step LLE
procedure. The results obtained indicate that it is suitable for rou-
to any other reported methods to evaluate the pharmacokinetics of
alprostadil in rats after an intravenous administration of 50 �g kg−1

alprostadil. The simple preparation, speed of separation, and repro-
ducibility of analysis are the most outstanding characteristics of this
method.
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