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bstract

A novel, selective and sensitive high performance liquid chromatography–mass spectrometric (HPLC–MS) method has been developed for the
etermination of isosorbide 5-mononitrate (5-ISMN) in human plasma. With acetaminophen as internal standard, sample pretreatment involved
ne-step extraction with diethyl ether of 0.5 mL plasma. Analysis was performed on an ACQUITY UPLCTM BEH C18 column (100 mm × 2.1 mm,
.7 �m) with mobile phase consisting of acetonitrile–water (20:80, v/v). The detection was carried out by means of electrospray ionization mass
pectrometry in negative ion mode with selected ion recording (SIR). Standard curves were linear (r2 ≥ 0.99) over the concentration range of

.04–1040 ng/mL. The lower limit of quantification (LLOQ) was 1.04 ng/mL. The intra- and inter-day precisions (RSDs) were less than 8.6% and
3.4%, respectively, and the accuracy (RE) was within ±0.45%. The method herein described was fully validated and successfully applied to the
harmacokinetic study of 5-ISMN in compound extended-release tablets in 18 healthy male volunteers after oral administration.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Isosorbide 5-mononitrate (5-ISMN), an active metabolite of
sosorbide dinitrate (ISDN), is a long-acting organic nitrate
asodilator used in the treatment of angina pectoris [1]. It is
sually applied for prophylactic purpose. 5-ISMN has several
harmacokinetic advantages over ISDN in terms of a longer
limination half-life, no first-pass metabolism and no active
etabolites, which in all lead to a more predictable and perma-

ent clinical effect [2]. Due to the obvious property of preventing
he development of tolerance, the extended-release formulation
as been widely adopted [3].

The analytical techniques employed in recent years for
he quantification of 5-ISMN in human plasma included gas
hromatography with electron-capture detection (GC–ECD)

4–10], GC–MS [11], HPLC [12], HPLC–MS [9,13,14] and
PLC–MS/MS [15,16]. The lower limit of quantification

LLOQ) of all those methods was over 2.3 ng/mL [6]. The
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eported methods required either a lengthy extraction and/or
erivatization procedure, or long analysis time, and may not well
eet the requirement of desired throughput, speed and sensitiv-

ty in biosample analysis.
In this paper, a novel, selective and highly sensitive approach

s described using an LC system comprised of a 1.7 �m particles
acked column coupled to mass spectrometry to determine 5-
SMN in human plasma. Liquid–liquid extraction was applied to
xtract the analyte prior to analysis. This fast HPLC–MS method
as sensitive enough to be applied to the pharmacokinetic study
f 5-ISMN in healthy volunteers after oral administration of
ompound 5-ISMN extended-release tablets.

. Experimental

.1. Materials and reagents
Compound 5-ISMN extended-release tablets (batch No.
0050501), which contained 60 mg of 5-ISMN and 75 mg of
spirin, was supplied by Shanxi A.T. Biopharmaceutical Cor-
oration (Shanxi, PR China). Reference standards of 5-ISMN

mailto:fameili@hotmail.com
dx.doi.org/10.1016/j.jchromb.2006.08.022
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ig. 1. Structures of isosorbide 5-mononitrate (5-ISMN) and acetaminophen
I.S.).

99.5% purity), acetaminophen (internal standard, I.S., 99.2%
urity) were purchased from the National Institute for Control
f Pharmaceutical and Biological Products (Beijing, PR China).
he structures of 5-ISMN and I.S. are given in Fig. 1. Ace-

onitrile was of HPLC grade and was purchased from Dima
ompany (Richmond Hill, NY, USA). Other chemicals were
ll of analytical grade. Water was purified by redistillation and
ltered through 0.22 �m membrane filter before use.

.2. Apparatus and operation conditions

.2.1. Liquid chromatography
Liquid chromatography was performed on ACQUITYTM

PLC system (Waters Corp., Milford, MA, USA) with autosam-
ler and column oven enabling temperature control of analytical
olumn. ACQUITY UPLCTM BEH C18 column (100 mm ×
.1 mm, 1.7 �m; Waters Corp., Milford, MA, USA) was
mployed. The column temperature was maintained at 35 ◦C.
hromatographic separation was achieved with an isocratic elu-

ion using the mobile phase composed of acetonitrile–water
20:80, v/v). The flow rate was set at 0.3 mL/min. The autosam-
ler was conditioned at 4 ◦C. The injection volume was 5 �L
sing partial loop mode for sample injection.

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

icromass® Quattro microTM API mass spectrometer (Waters
orp., Manchester, UK) with an electrospray ionization (ESI)

nterface. The ESI source was set in negative ionization mode.
elected ion recording (SIR) mode was used for the quantifica-

ion. The [M-H]− ions m/z 190.0 for 5-ISMN and m/z 150.0 for
cetaminophen were selected as detecting ions. The optimized
onization conditions were as follows: capillary 2.9 kV, cone
8 kV, source temperature 105 ◦C and desolvation temperature
00 ◦C. Nitrogen was used as desolvation and cone gas with
he flow rate of 500 and 30 L/h, respectively. Multipliers were
et at 650 V and the dwell time was 0.2 s. All data collected in
entroid mode were acquired and processed using MassLynxTM

T 4.0 software with QuanLynxTM program (Waters Corp.,
ilford, MA, USA).
.3. Calibration standards and quality control samples

Stock solutions of 5-ISMN and acetaminophen (I.S.) were
repared in methanol at concentrations of 0.5 mg/mL and
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.1 mg/mL, respectively, and were stored at 4 ◦C. The stock
olution of acetaminophen was further diluted with water
o prepare the working internal standard solution containing
�g/mL of acetaminophen. Calibration samples for 5-ISMN
ere prepared in blank human plasma at concentrations of 1.04,
0.4, 20.8, 52.0, 104, 208, 520 and 1040 ng/mL. The quality
ontrol (QC) samples were prepared in blank plasma at low,
iddle, and high concentrations of 2.08, 104 and 832 ng/mL,

espectively. The following assay procedures were the same as
escribed below. In each run, a blank plasma sample (without
.S.) was also analyzed.

.4. Plasma sample preparation

Aliquots of 0.5 mL of collected plasma sample in 10 mL
lean glass tubes were spiked with 50 �L of I.S. working
olution (1 �g/mL) and vortexed for 30 s. After adding 3 mL
f diethyl ether, the tubes were vortexed for 1 min and cen-
rifuged at 1330 × g for 10 min. The upper organic layer was
hen transferred into another set of clean glass tubes and evap-
rated to dryness under a gentle stream of nitrogen at 40 ◦C.
he residue was reconstituted in 300 �L of solution consisted
f acetonitrile–water (20:80, v/v), followed by vortexing and
entrifugation at 12,753 × g for 10 min. The supernatant was
ransferred into 700-�L glass vials, and aliquot of 5 �L was
njected into the LC–MS system for analysis.

.5. Method validation

Validation runs were conducted on three consecutive days.
ach validation run consisted of a minimum of one set of calibra-

ion standards and six sets of QC plasma samples at three concen-
rations. The results from QC plasma samples in three runs were
sed to evaluate the precision and accuracy of the method devel-
ped. The peak area ratios of 5-ISMN/I.S. of unknown samples
ere then interpolated from the calibration curve to give the con-

entrations of 5-ISMN. During routine analysis, each analytical
un included a set of calibration standards, a set of QC plasma
amples in duplicate and plasma samples to be determined.

.5.1. Selectivity
Selectivity was investigated by comparing chromatograms

f blank plasma obtained from six subjects with those of cor-
esponding standard plasma sample spiked with 5-ISMN and
cetaminophen (1 �g/mL) and plasma sample after an oral dose
f compound 5-ISMN extended-release tablets.

In order to evaluate the matrix effect on the ionization of ana-
ytes, i.e. the potential ion suppression or enhancement due to
o-eluting matrix components, three concentration levels of 5-
SMN (2.08, 104 and 832 ng/mL), each in triplicate, were added
o the extracts of 0.5 mL of blank plasma sample, dried and
econstituted with 300 �L of mobile phase, the corresponding
eak areas (A) were compared with those of the 5-ISMN stan-

ard solutions dried directly and reconstituted with the same
olume of mobile phase (B). The ratio (A/B × 100)% was used
o evaluated the matrix effect. The matrix effect of internal stan-
ard was evaluated using the same procedure.
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.5.2. Linearity and LLOQ
Calibration curves were prepared by assaying standard

lasma samples at eight concentrations of 5-ISMN ranged
.04–1040 ng/mL. The linearity of each calibration curve was
etermined by plotting the peak area ratio (y) of 5-ISMN/I.S.
ersus the nominal concentration (x) of the analyte. The calibra-
ion curves were constructed by weighted (1/x2) least squares
inear regression [17].

The lower limit of quantification (LLOQ) is defined as the
owest concentration on the calibration curve at which an accept-
ble accuracy (RE) within ±20% and a precision (RSD) below
0% were obtained.

.5.3. Precision and accuracy
The precision and accuracy of assay were determined from

C plasma samples at three concentration levels of 5-ISMN
2.08, 104 and 832 ng/mL). Precision was expressed as rel-
tive standard deviation (RSD %) and accuracy as (mean
ound concentration − added concentration)/(added concentra-
ion) × 100%. Intra-day precision and accuracy were determined
y repeated analysis of a set of standards on 1 day (n = 6),
hile inter-day precision and accuracy by repeated analysis on
consecutive days (n = 6 series per day), using standard curve

repared on the same day.

.5.4. Extraction recovery
The extraction recovery of 5-ISMN was determined by com-

aring the peak areas obtained from plasma samples spiked with
nalyte before extraction with those from samples, to which ana-
yte was added after extraction. This procedure was repeated for
amples at three concentrations of 2.08, 104 and 832 ng/mL.

.5.5. Stability
The stability of 5-ISMN and I.S. stock solutions was evalu-

ted after storage at room temperature for 6 h and at 4 ◦C for 30
ays. The stability of 5-ISMN and I.S. working solutions was
nvestigated at room temperature for 5 h.

QC plasma samples of three concentration levels were sub-
ected to the conditions below. Short-term stability was assessed
y analyzing QC plasma samples kept at room temperature for
h that exceeded the routine preparation time of samples. Long-

erm stability was determined by assaying QC plasma samples
fter storage at −20 ◦C for 30 days. Freeze–thaw stability was
nvestigated after three freeze (−20 ◦C)–thaw (room tempera-
ure) cycles. Post-preparative stability was assessed by analyzing
he extracted QC plasma samples kept in the autosampler at 4 ◦C
or 4 h.

.6. Application of the assay

In order to demonstrate the reliability of this method in the
harmacokinetic study of 5-ISMN, it was used to determine

lasma concentrations of 5-ISMN after single as well as multi-
le dose administration of compound 5-ISMN extended-release
ablets to 18 healthy volunteers. The pharmacokinetic study was
pproved by local Ethics Committee and all volunteers signed
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i

B 846 (2007) 323–328 325

nformed consent to participate in the study according to the
rinciples of the Declaration of Helsinki.

Single dose study: subjects fasted overnight before dosing
one tablet each) until 2 h after dosing. Blood samples were
ollected before dosing (time 0) and at 0.5, 1.0, 1.5, 2.5, 4.0,
.0, 6.0, 8.0, 12.0, 16.0, 24.0, 36.0 h after dosing. The blood
amples were immediately centrifuged at 1330 × g for 10 min,
he plasma was removed and stored at −20 ◦C until analysis.

Multiple dose study: the compound 5-ISMN extended-
elease tablet was administered to the subjects once daily for
consecutive days (at 0, 24, 48, 72, 96, 120 and 144 h). Venous
lood samples were obtained at 16 time points (at 72, 96, 120,
44, 144.5, 145, 145.5, 146.5, 148, 149, 150, 152, 156, 160,
68, 180 h). The blood samples were immediately centrifuged
t 1330 × g for 10 min, the plasma was removed and stored at
20 ◦C until analysis.

. Results and discussion

.1. LC–MS analysis

Under the optimized conditions described above (Section
.2), the electrospray ionization of 5-ISMN and I.S. produced
bundant [M-H]− at mass-to-charge ratio (m/z) of 190.0 and
50.0, respectively. The analytes were identified and determined
y using selected ion recording (SIR) with the corresponding
M-H]− ions from 5-ISMN and I.S. Two channels were used
or recording, channel 1 for I.S. with the retention time of
.27 min, and channel 2 for 5-ISMN with the retention time
f 1.85 min. Both 5-ISMN and I.S. were rapidly eluted with
etention times less than 2 min, and the total run time was just
.2 min per sample, which greatly met the requirement for high
ample throughput in bioanalysis. Typical SIR chromatograms
f a blank plasma sample spiked with 5-ISMN of 104 ng/mL and
.S. (1 �g/mL) are depicted in Fig. 2C. They were detected with
xcellent separation as well as peak shapes, and very narrow
hromatographic peaks with peak width about 6 s.

The fast speed and narrow chromatographic peaks were due
o the 1.7 �m particles featured LC system. According to the Van
eemter equation, decrease in the size of the particle packed into
odern HPLC columns significantly increases the number of

eight equivalent theoretical plates (HETP) for a given length
olumn. The use of 1.7 �m particles allows the LC system to
ush the limits of both analysis speed and peak capacity without
ompromising resolution.

.2. Selection of internal standard

The ideal I.S. is the compound that has structural simi-
arity to the analyte, but sometimes it is difficult to get such
eference standard. We investigated several substances such
s theophylline, carbamazepine, tramadol hydrochloride and
cetaminophen. Finally, acetaminophen was chosen as the I.S.

y virtue of its similarity in chromatographic behavior, mass
pectrometric response and extraction recovery to 5-ISMN.
cetaminophen may be used in selfmedication, which would

mpair the accuracy of the method. However, in pharmacokinet-
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cs or bioequivalence study all subjects should sign the informed
onsent clearly declaring not taking any drugs 2 weeks before
he study until it is finished, therefore the interference with I.S.
hould not be present. In our study, blood samples from every
ubject before dosing (time 0) were analyzed and no peak was
bserved in the retention time region of I.S. which indicated
he practical applicability of the method.

.3. Sample preparation

Liquid–liquid extraction was chosen as the method for
ample pretreatment because this technique could produce
ot only purified but also concentrated samples. Ethyl acetate
nd diethyl ether were attempted as the extraction solvent and
he latter was finally adopted by virtue of its high extraction
fficiency and less interference. Besides, extraction procedure
as investigated with and without adding 1 M HCl (50 �L), and

he latter was found to give a cleaner supernatant and a higher
ecovery. It was reported by Pennings and de Haas [5] and Ali
t al. [18] that 5-ISMN adheres to plastic, hence, we carried
ut a preliminary experiment to compare the recovery of using
lastic tubes with that of using glass tubes with QC samples of
04 ng/mL, each in triplicate, the recovery was 41.3 ± 10.8%
nd 65.2 ± 2.8%, respectively, indicating the recovery was
ndeed irreproducibly decreased when plastic tubes were used.
herefore, the sample extraction was performed with diethyl
ther and glassware used throughout.

.4. Method validation

.4.1. Selectivity
Fig. 2 represents SIR chromatograms of 5-ISMN and

cetaminophen in a blank plasma sample (A); a blank plasma
ample spiked with 5-ISMN at 104 ng/mL and I.S. (1 �g/mL)
C) and a plasma sample from a volunteer 8.0 h after oral admin-
stration of 5-ISMN (D). No interferences were observed at the
etention times of the analytes. The retention times for 5-ISMN
nd I.S. were 1.85 and 1.27 min, respectively.

For all six different blanks, the retention time regions of 5-
SMN and I.S. were free from endogenous interfering peaks.
ecause selected ion recording (SIR) mode was used for quan-

ification, the determination of 5-ISMN in human plasma was
ree from interferences of aspirin, another component of the
ablets, and its metabolites. To evaluate the matrix effect, the
eak areas of blank plasma extracts spiked with analyte post-
xtraction (A) were compared with those of the standard solu-

ions dried directly and reconstituted with mobile phase (B). All
he ratios (A/B × 100)% were between 85% and 115%, which

eans no matrix effect for 5-ISMN and acetaminophen in this
ethod.

ig. 2. Representive SIR chromatograms of 5-ISMN (peak 2, channel 2) and
cetaminophen (peak 1, channel 1) in human plasma samples. (A) A blank
lasma sample; (B) a blank plasma sample spiked with 5-ISMN at the LLOQ of
.04 ng/mL and I.S. (1 �g/mL); (C) a blank plasma sample spiked with 5-ISMN
t 104 ng/mL and I.S. (1 �g/mL); (D) a plasma sample from a volunteer 8.0 h
fter oral administration of 5-ISMN. The retention times for 5-ISMN and I.S.
ere 1.85 and 1.27 min, respectively.



X. Sun et al. / J. Chromatogr. B 846 (2007) 323–328 327

Table 1
Precision and accuracy for the determination of 5-ISMN in human plasma (intra-
day: n = 6; inter-day: n = 6 series per day, 3 days)

Added C
(ng/mL)

Found C
(ng/mL)

Intra-run
RSD (%)

Inter-run
RSD (%)

Accuracy
RE (%)

1.04 (LLOQ) 1.04 ± 0.11 9.1 14.7 −0.37
2.08 (Low) 2.07 ± 0.19 7.8 13.4 −0.43
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Fig. 3. Mean plasma concentration–time curve of 5-ISMN in 18 volunteers after
a single oral dose of 5-ISMN.
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04 (Middle) 103.5 ± 8.5 7.8 7.6 −0.45
32 (High) 834.5 ± 75.8 8.6 8.8 0.30

.4.2. Linearity and LLOQ
Calibration curve was linear for 5-ISMN in the concentration

ange of 1.04–1040 ng/mL (r2 ≥ 0.99) by using weighted least
quare linear regression analysis with a weight factor of 1/x2.
epresentative regression equation for the calibration curve was
= 1.025 × 10−2x + 9.885 × 10−4 (r2 = 0.9973).

The lower limit of quantification (LLOQ) for 5-ISMN was
.04 ng/mL with precision and accuracy presented in Table 1,
nd a corresponding chromatogram is given in Fig. 2B. Com-
ared with the previous methods [4–16] regarding the determi-
ation of 5-ISMN in human plasma, our method demonstrated
higher sensitivity with an LLOQ of 1.04 ng/mL. The high sen-

itivity obtained was attributed to the efficient chromatographic
eparation afforded by the fast LC system with use of 1.7 �m par-
icles packed column, which leads to a reduction in the number of
o-eluting species and it seems to be particularly advantageous
hen coupled to ESI–MS, providing a higher spectral purity of
eaks and an apparent reduction in ion suppression hence lower
imits of detection. The sensitivity of the current method could
e further improved by reducing sample reconstitution volume.

.4.3. Precision and accuracy
The data of intra- and inter-day precision and accuracy for

-ISMN quantification are shown in Table 1. For each QC
evel of 5-ISMN, the intra- and inter-day precisions (RSDs)
ere less than 8.6% and 13.4%, and accuracy (RE) was within
0.45%, indicating acceptable precision and accuracy of the

resent method.

.4.4. Extraction recovery and stability
The mean extraction recoveries of 5-ISMN from human

lasma were 69.2 ± 3.6%, 65.2 ± 2.8%, and 63.2 ± 3.7% at con-

entration levels of 2.08, 104 and 832 ng/mL, respectively.

The stock solutions of 5-ISMN and I.S. were found to be
table at room temperature for 6 h and at 4 ◦C for 30 days.
oth working solutions were stable at room temperature for

able 2
tability of 5-ISMN in human plasma at three QC levels (n = 5)

tability Accuracy (mean ± SD) (%)

2.08 (ng/mL) 104 (ng/mL) 832 (ng/mL)

hort-term stability 109.3 ± 2.8 109.6 ± 3.0 106.6 ± 9.4
ong-term stability 106.7 ± 7.5 100.3 ± 1.8 89.8 ± 3.6
reeze–thaw stability 106.2 ± 5.9 105.2 ± 9.4 104.9 ± 2.4
ost-preparative stability 100.0 ± 7.6 97.6 ± 9.6 102.0 ± 4.4

t
C
f
s
a
a
e

R

ig. 4. Mean plasma concentration–time curve of 5-ISMN in 18 volunteers after
multiple oral dose of 5-ISMN.

h. Table 2 summarizes the results of short-term stability, long-
erm stability, Freeze–thaw stability of 5-ISMN in plasma and
ost-preparative stability. All the results well met the criterion
or stability measurements.

. Application to a pharmacokinetic study

The present method was successfully applied to the phar-
acokinetic study of 5-ISMN in compound extended-release

ablets after oral administration in healthy male volunteers.
Mean plasma concentration–time curves of 5-ISMN in single

nd multiple dose study are shown in Figs. 3 and 4, respectively.

. Conclusion

A sensitive, selective and rapid HPLC–ESI–MS method for
he determination of 5-ISMN in human plasma is described.
ompared with the methods published, the present method is

eatured by a simple sample preparation procedure, higher sen-
itivity with an LLOQ of 1.04 ng/mL, satisfactory selectivity
nd short run time of 2.2 min. The method was successfully
pplied to the pharmacokinetic study of 5-ISMN in compound
xtended-release tablets in healthy volunteers.
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