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a b s t r a c t

An analytical method based on a green approach is proposed for clinical analysis. The proposed procedure
involves the reduction of the sample preparation steps, the amounts of reagents and organic solvents.
This simple and sensitive method for the analysis of clinical drug and biomarkers in human plasma was
developed using LC connected to tandem mass spectrometry (LC–MS/MS) with a nanospray ion source.
In this study, the desired drug and proteins were separated on a 5 and 10 cm RP C18 nano-flow column.
vailable online 10 October 2008

eywords:
reener approach
andem mass spectrometry

Undesired polar substances in human plasma were washed out by using ACN:1% FA = 20:80 (v/v) as the
loading mobile phase for drug analysis and good linearity was attainable. Only a small volume of human
plasma (10 �L) was utilized for the monitoring of drug plasma concentration and significant proteins under
clinical studies. All the sample preparation procedures and the analytical scheme were at microliter level.
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. Introduction

In this study, we applied the chemical waste reduction
pproach while developing a method for monitoring angiotensin
I type 1-receptor blockers (ARBs) and related proteins. The renin-
ngiotensin system (RAS) plays an important role in control of blood
ressure. The main effector of RAS is angiotensin II that is trans-
ormed from angiotensin I through the angiotensin-converting
nzyme (ACE) action rapidly. The functions of angiotensin II cause
asoconstriction and retention of sodium and fluid by binding
ts type 1(AT1) receptors. ARBs have been used for treatment of
ypertension and heart failure. The major disadvantage of the
RBs is their association with persistent or even lethal fetotoxic
efects when used during the late second or third trimester [1–3].
RBs are a very popular medicine in the treatment of essential
ypertension. Valsartan (Diovan®) is one such ARB, and the

eak plasma concentration of valsartan after oral administration
160 mg) is between 2 and 4 �g/mL [4].

Several high-performance liquid chromatographic (HPLC)
ethods coupled with fluorescence [4–9] or ultraviolet detec-

∗ Corresponding author. Tel.: +886 7 312 1101x2805; fax: +886 7 321 0683.
E-mail address: chfeng@kmu.edu.tw (C.-H. Feng).

p
m
d
u
v

p
p

731-7085/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2008.09.050
consumption of reagents and organic solvents and make a contribution
pollution from analytical methods in general.

© 2008 Elsevier B.V. All rights reserved.

ion [10–16] in the determination of the different ARBs. Several
apillary electrophoresis (CE) separations have been carried out
ecently [13,17–22]. The main drawback of CE is its low concen-
ration sensitivity, which is due to small injection volume and
mall optical path-length. Thus, these methods usually need pre-
oncentration procedures to increase sensitivity. The biosample
retreatment methods for ARBs are usually solid-phase extraction
SPE) [6,10,16,23,24], liquid–liquid extraction [5,7] or protein pre-
ipitation [4,8,9,22,25,26].

Traditional HPLC methods are reliable techniques and are widely
sed for analysis of chemicals. The major demerit is that much
olvent waste is produced. The capillary LC method resembles
raditional HPLC in principle, and technicians will be familiar
ith this new method. The current trend in the world is towards

co-awareness and this is a green analytical method. Recently, LC-
ombined tandem mass spectrometry (LC–MS/MS) has become a
owerful tool for biosample analysis. Several mass spectroscopic
ethods are used for detection of ARBs [23–28], but the only study

escribed by Koseki et al. was for valsartan analysis [23]. Koseki

sed the SPE method for sample preparation, but this procedure is
ery complicated and time consuming.

Proteomic technology is a powerful strategy for identifying
roteins and their interactions in cells and body fluids. Complex
rotein mixtures have been identified by this modern technol-

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:chfeng@kmu.edu.tw
dx.doi.org/10.1016/j.jpba.2008.09.050
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perature of 80 C and a cone voltage of 80 V. A voltage of 3.2 kV
was applied to the source capillary. The desired molecular masses
[M + H]+ of valsartan and losartan (IS) selected for collision-induced
dissociation (CID) were 436 and 423, respectively. Valsartan and
IS were structural analogues and the MS/MS fragments of IS was
24 C.-Y. Lu et al. / Journal of Pharmaceutica

gy [29,30] and today much biological or biomedical research
ocuses on biomarker screening for the purpose of disease diagno-
is [31]. For protein identification proteins become small peptides
y tryptic digestion and peptide mixtures could be separated by
apillary column with capillary or nano-flow LC. LC–MS/MS com-
ined with database searching is a high throughput and efficient
echnique for protein identification [32–34]. Traditional proteins
re digested with trypsin to produce peptides, two-dimensional
el electrophoresis (2D GE) can be used to separate several hun-
reds of proteins in one gel; however, the separation is rather
ime-consumption.

In this paper, we have developed a simple analytical method for
he analysis of valsartan in human plasma. The sample preparation
as based on simple protein precipitation steps. According to this

trategy, the hypotensive drugs were retained on the hydropho-
ic stationary phase of the nano-flow column. Then the analytes
ere separated in the reversed-phase (RP) nano-flow column

nd eluted to the nanospray source. After simple deproteiniza-
ion and centrifugation of the human plasma samples, an aliquot
f 1 �L supernatant was injected into the chromatographic sys-
em. The method was successful in monitoring the valsartan levels
ithin a therapeutic range. Only 10 �L of human plasma sample

s required for clinical testing. Application of this solvent saving
ethod for the analysis of ARBs in biological samples is work-

ble. After detecting the valsartan concentration, 10 �L of human
lasma were used for a proteomics study to screen for impor-
ant biomarkers. After removal of albumin, the plasma proteins
ere precipitated and then subjected to an in-solution diges-

ion over night. Then those peptide mixtures were separated and
dentified by peptide sequencing. We could monitor the plasma
oncentration of the hypotensive drug and detect the hypertensive-
ssociated proteins by LC–MS/MS. All sample preparation and
nalytical procedures were conducted at microliter level. Green
nalytical chemistry is a new approach to chemical analysis [35].
he principles of this approach include primary elimination or at
east reduction of the amounts of reagents and solvents during labo-
atory work, particularly at the sample preparation stage [35]. Over
he course of the past decade, green chemistry has demonstrated
ow fundamental scientific methodologies can protect human
ealth and the environment, in an economically beneficial manner
36].

. Materials and methods

.1. Materials

Valsartan was obtained as a gift from Novartis Pharma (Basel,
witzerland). Losartan potassium (internal standard, IS) was a
ift from Merck-Frosst Pharmaceuticals (Rahway, NJ, USA). Ace-
onitrile (ACN), methanol, acetone, ammonium bicarbonate and
ormic acid (FA) purchased from Merck (Darmstadt, Germany)
ere of chromatographic grade. Heptafluorobutyric acid (HFBA),
ithiothreitol (DTT) and iodoacetamide (IAA) were obtained
rom Aldrich (Milwaukee, WI, USA). Deionized water from a

illi-Q system, Millipore (Bedford, MA, USA), was used at all
imes. A stock solution of valsartan (1 mg/mL) was prepared
y dissolving the compound in methanol. A HFBA solution was
repared by adding HFBA to deionized water to give a con-

entration of 100 g/L. An aqueous solution of FA was prepared
y adding FA to deionized water to give a concentration of
% (v/v) and 0.1% (v/v). Modified trypsin was purchased from
romega (Madison, WI, USA). The dealbumin kit “ProteoSpin”
as purchased from Norgen Biotek Corporation (Thorold, ON,
anada).
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.2. Instrumentation

Tandem mass spectra were acquired using a Waters/Micromass
uadruple time-of-flight (Q-TOF) Global Ultima mass spectrometer
ith a nanospray source (Manchester, UK). The system comprised

f three microliter level pumps (pump A, B and C), an autosam-
ler, an inline degasser, a sample cooler, a syringe pump and a
witch valve. The separation was performed on Micro-tech Scien-
ific Inc. (Vista, CA, USA) 5 (for valsartan analysis) and 10 cm (for
eptide analysis) RP C18 nano-flow column (150 �m inner diame-
er; 375 �m outer diameter; 3 �m particle size). A desalting column
C18 PepMap, 300 �m i.d., 5 mm) used for peptide enrichment and
rapping was purchased from LC Packings (Sunnyvale, USA).

.3. LC–MS/MS conditions for valsartan analysis

The diagram of the nano-scale analytical system applied in
his work is shown in Fig. 1. Sample injection was carried out by
utosampler. The system comprised of three low flow-rate pumps
t microliter level without flow splitter. For sample loading, the
obile phase of the pump A was ACN:1% FA = 20:80 (v/v) at a flow

ate of 3 �L/min. For sample analysis, the mobile phase of the pump
: pump C were 1% FA:ACN = 20:80 (v/v) at a flow rate of 1 �L/min.
o optimize the analytical methods, the standard compounds in
ethanol were continuously injected into the mass spectrometer

sing a syringe pump. The eluent was directed to the nanospray
ource with 20 �m i.d. × 90 �m o.d. fused silica capillary. The mass
pectrometer operated in positive ion mode with a source tem-

◦

ig. 1. The nano-scale analytical system for valsartan analysis: A = autosampler;
C = nano-flow capillary column (5 cm); PA = pump A; PB = pump B; PC = pump C.
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eported by Zhao et al. [27]. MS/MS spectra were collected for each
f these precursor ions by MS/MS scan mode of the scan function.
he collision gas was argon and the collision energy was set at
0 eV during the MS/MS scans. MS/MS spectra were collected and
rocessed by using MassLynx 4.0 software (Waters-Micromass).

.4. Sample preparation for valsartan analysis

The sample preparation procedure in this study was very sim-
le, just deproteinization and centrifugation. IS (10 �g/mL) was
repared by dissolving losartan in 100 g/L HFBA. Drug-free human
lasma samples were spiked with five different levels of valsartan
olution (Section 2.1) to prepare the final valsartan concentrations
n human plasma over the range of 0.2–10 �g/mL for analytical cal-
bration. Human plasma samples (10 �L) were added in Eppendorf
ials (500 �L) and then IS solution (5 �L) was added. The sample
ials were vortexed (30 s) and centrifuged at 10,000 rpm (2 min).
fter centrifugation, 1 �L of the supernatant were subjected to
ano-scale LC–MS/MS.

.5. Sample preparation for protein analysis

The dealbumin protocol was adapted as described by the kit’s
anufacturer. Briefly, the spin column was activated by “column

ctivation and wash buffer”. Then human plasma sample (10 �L)
as mixed with “column activation and wash buffer” (490 �L)

nd sample was applied the 500 �L of diluted plasma sample
nto the activated column. After column wash step, approxi-
ately 70% of albumin was depleted from the plasma sample. The

ealbumin solution was collected and neutralized. For protein pre-
ipitation, 100 �L dealbumin solution was mixed with 1000 �L
cetone, vortexed (30 s) and centrifuged at 10,000 rpm (10 min).
fter centrifugation, the supernatant was discarded and the pro-

ein pellets were evaporated to dryness. Then 100 �L ammonium
icarbonate (25 mM) was added to re-dissolve the protein residues.
n aliquot of 16 �L this protein solution and 2 �L of 20 mM DTT (in
5 mM ammonium bicarbonate) solution were added in Eppendorf
hen kept at 25 ◦C for 30 min. After reduction the disulfide bonds
f proteins, 2 �L of 25 mM IAA (in 25 mM ammonium bicarbon-
te) solution was added and kept at 25 ◦C in the dark for 30 min.
inally a freshly prepared solution of 2.5 �L sequence-grade mod-
fied trypsin (20 ng/�L in a 25 mM ammonium bicarbonate buffer)
as added and kept at 37 ◦C for 16 h. After digestion, 10 �L of tryp-

ic peptide solution was injected into LC–MS/MS system for protein
dentification.

.6. Protein identification by LC nanoESI–Q-TOF

The diagram of the nano-scale analytical system applied in
his work is shown in Fig. 2. Peptides from in-solution digestion
ere trapped by a desalting column and separated by a nano-
ow analytical column. After on-line desalting by 0.1% FA (from
ump A) for 3 min with a flow rate of 30 �L/min, the switching
alve was auto-switched to analytical position. Then the tryptic
eptides were separated by a nano-flow reversed-phased C18 col-
mn with a flow rate of 400 nL/min. Mobile phase B (from pump
) was 0.1% FA:ACN = 95:5 (v/v) and mobile phase C (from pump C)
as 0.1% FA:ACN = 5:95 (v/v). The LC gradient conditions for pep-

ide analysis were as follows: base on time (t) set at the mobile
hase: t = 0–3 min, hold % C = 10; t = 3–180 min, % C from 10 to 75;

= 180–240 min, % C from 75 to 10. Finally the switching valve was
uto-switched from the analytical position to the desalting position
efore the injection of the next sample.

The peptide eluate from column was directed to the nanospray
ource by a 20 �m i.d. and 90 �m o.d. fused-silica capillary. A volt-

a
t
s
r
b

ig. 2. The nano-scale analytical system for peptide analysis: A = autosampler;
C = nano-flow capillary column (10 cm); D = desalting column; PA = pump A;
B = pump B; PC = pump C.

ge of 3.2 kV was applied to the nanosource capillary. The MS
as worked in positive ion mode with a cone voltage of 80 V

nd a source temperature of 80 ◦C. TOF analyzer was set in the
-mode. MS/MS spectra were acquired in a data-dependent acqui-
ition mode in which the two multiply-charged (+2 and +3) peaks
ith the three most abundant ions were selected for CID. MS/MS

pectra were collected for each of these top three ions. The pre-
ursor ion was excluded if the same molecular mass ion was
etected within 7 s. During the auto survey of MS and MS/MS
cans, collision energies were set at 10 and 30 V using argon as
he collision gas. Individual fragment spectra obtained for each of
he precursors were processed by using MassLynx 4.0 software to
btain centroid MS/MS data and the corresponding peak lists in
he format of pkl files. These peak list files were then submitted
o MASCOT (http://www.matrixscience.com) search engine to get
orresponding protein identity. The MASCOT program was set with
he following parameters: database, NCBInr; taxonomy, Homo sapi-
ns; enzyme, trypsin; peptide mass tolerance, 1.2 Da; MS/MS ion
ass tolerance, 0.6 Da; peptide charge, 2+ and 3+; data format,

kl; instrument, ESI–QUAD-TOF. Variable modifications such as oxi-
ation of methionine and carbamidomethylation of cysteine were
elected, and up to one missed cleavage was allowed.

. Results and discussion

In this nano-scale analytical system, we used isocratic chro-
atography to elute valsartan and IS simultaneously. First valsartan
nd IS were loaded by pump A and retained on the RP C18 sta-
ionary phase of the nano-flow column. The mobile phase for the
ample loading was ACN:1% FA = 20:80 (v/v) employed at a flow
ate of 3 �L/min. The loading time was 3 min in order to eliminate
oth salts and polar compounds that were more hydrophilic than

http://www.matrixscience.com/
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Table 1
Timetable of nano-scale column switching system for chromatography of valsartan.

Time (min) Valve position Flow rate (�L/min)

Pump A Pump B and C
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Fig. 4. Extracted LC–MS/MS chromatograms of the product ions of valsartan (m/z
436 > 235) and IS (m/z 423 > 207) from human plasma: (a) blank plasma spiked with
0
p
F
F

t
I
c
l

0–3 Load 3 1
3–8 Analysis 3 1

>8 Load 3 1

alsartan and IS. Then the separation was performed on the nano-
ow column with the mobile phase acetonitrile:1% FA = 80:20 (v/v).
hese two analytes of interest were eluted to nanospray source at a
ow rate of 1 �L min−1 and detected by mass spectrometer. These
witching events are summarized in Table 1. In the beginning of this
xperiment, the mobile phase for the sample loading was only 1%
A. In addition, the limit of quantitation of valsartan was 1 �g/mL.
his sensitivity was insufficient for clinical detection after medica-
ion. When the mobile phase for the sample loading was changed
rom 1% FA to ACN:1% FA = 20:80 (v/v), the limit of quantitation of
alsartan for a clinically therapeutic goal was attainable. Undesired
olar substances in human plasma were washed out and ion sup-
ression effect was excluded after modification of the mobile phase.
alsartan was more hydrophobic than these undesired compounds,
nd was strongly retained in the stationary phase after increase
f the percentage of acetonitrile in the mobile phase. The major
S/MS fragments and spectrum of valsartan from human plasma

fter CID are shown in Fig. 3.
A series of samples containing different concentrations of val-

artan were prepared to study the relationships between the ratio
f peak area of valsartan to IS and the concentrations of valsar-
an. For quantitation, the product ions at m/z 436 > 235 and m/z
23 > 207 were used for valsartan and IS, respectively. The typical
C–MS/MS chromatograms of valsartan and IS from human plasma
re shown in Fig. 4. To investigate the linear range of the method, a
eries of working solutions that contained different concentration

f valsartan were analyzed. In order to improve reproducibility and
ccuracy, using an IS was necessary, especially in this nano-scale
nalytical system.

Fig. 3. Major MS/MS fragments and spectrum of valsartan.
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.2 �g/mL valsartan; (b) blank plasma spiked with 10 �g/mL valsartan; (c) blank
lasma spiked with 10 �g/mL IS. LC conditions: mobile phase of pump A was ACN:1%
A = 20:80 (v/v) at a flow rate of 3 �L/min; mobile phase of pump B: pump C was 1%
A:ACN = 20:80 (v/v) at a flow rate of 1 �L/min.

Quantitation was performed by integrating the peak area under
he extracted ion chromatograms for valsartan (m/z 436 > 235) and
S (m/z 423 > 207) for a series of concentrations. The calibration
urve for the analysis of valsartan in spiked plasma at five different
evels of valsartan over the range of 0.2–10 �g/mL was constructed.
he linearity was evaluated between the peak area ratio of valsartan
o the IS as ordinate (y) and the concentration (�g/mL) of the val-
artan as abscissa (x). The linear equation for the concentration vs.
he ratio of peak area was y = (0.0362 ± 0.028)x + (0.0043 ± 0.0029)
ith a correlation coefficient of 0.999 (n = 5).

The results showed that the peak area ratio was linearly related
o the valsartan concentration for the range 0.2–10 �g/mL and good
inearity was attainable. The precision (R.S.D.) and accuracy (R.E.) of
he method were studied based on the peak area ratios for the anal-

sis of valsartan at three levels, 0.4, 2 and 8 �g/mL. Table 2 indicates
hat the R.S.D. and R.E. values for the intra- and inter-day analyses
f the spiked plasma are all below 6.7 and 4.7%, respectively. The
ecovery of this method ranged between 95 and 105%. The sensitiv-

able 2
recision and accuracy for the determination of valsartan spiked in human plasma.

oncentration
nown (�g/mL)

Concentration
found (�g/mL)

R.S.D. (%) R.E.a (%)

ntra-dayb (n = 5)
0.400 0.418 ± 0.028 6.70 +4.50
2.000 2.082 ± 0.093 4.47 +4.10
8.000 7.625 ± 0.387 5.08 −4.69

nter-dayc (n = 5)
0.400 0.389 ± 0.025 6.43 −2.75
2.000 2.060 ± 0.097 4.71 +3.00
8.000 7.809 ± 0.435 5.57 −2.39

a R.E. calculated from (value found-value known)/value known.
b Intra-day assay variance from analysis of valsartan at five intervals on a single

ay.
c Inter-day assay variance from analysis of valsartan on five consecutive days.
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[19] S. Hillaert, W. Van den Bossche, J. Chromatogr. A 979 (2002) 323–333.
ig. 5. LC–MS/MS chromatograms of plasma samples of a hypertensive patient after
reatment with an oral dose of valsartan. (a) Plasma before dosing and (b) the plasma
f a volunteer dosed with 80 mg valsartan. LC conditions were the same as in Fig. 4.

ty of this method is sufficient for monitoring valsartan in human
lasma by using only 10 �L plasma.

Reduction of amount of reagents and solvents is the key aspect
f the greener approach in this study. To test its usefulness, the
ethod developed was applied to determine the valsartan level

n a hypertensive patient after pharmacological treatment. Before
nd after orally administering a single dose of 80 mg valsartan
apsule (Diovan®), patient plasma sample was collected and pre-
ared as described previously. The peak plasma concentration at 2 h
fter administration was about 0.84 �g/mL. The LC–MS/MS chro-
atograms of valsartan from patient plasma before and after oral

dministration are shown in Fig. 5.
Proteomics based on clinical purpose is important and

C–MS/MS is a powerful method of identifying proteins in com-
lex mixtures. In order to screen the hypertensive-associated
roteins, 10 �L of the patient plasma was tested. Plasma was sub-

ected to dealbumin and precipitation treatments. For in-solution
igestion, protein mixtures were reduced, alkylated, and trypsin-
igested overnight. Then proteins were identified by LC–MS/MS
ith a nanospray source. In this preliminary study, we can find

hree important proteins: ANP-A receptor preprotein (gi|28230;
atched sequence: MQLEK, VLFELKHMR, HMRDVQNEHLTR, IGI-
TGPVCAGVVGLK and GDVEMKGK), Atrial natriuretic peptide

eceptor B precursor (gi|113916; matched sequence: EDGLR,
EELQFGNSER and GDVEMKGK) and C-type natriuretic pep-

ide precursor (gi|113850; matched sequence: APGGGGANLKGDR,
LQEHPNARK, GLSKGCFGLK and IGSMSGLGC). By analysing a con-
rol sample and compare the obtained results, we cannot find these
hree hypertensive-related proteins. Natriuretic peptides are coun-
erregulatory hormones that involved in the regulation of sodium
nd water balance, blood volume and arterial pressure. Natri-
retic peptides are classified as hypotensive hormones; the main
ctions of natriuretic peptides are implicated in eliciting natriuretic,
iuretic, steroidogenic, antiproliferative, and vasorelaxant effects,

mportant factors in the control of body fluid volume and blood
ressure homeostasis [37–39]. This result is very important infor-
ation for clinical study. And we hope this simple LC–MS/MS for

rotein identification could be useful for clinical diagnosis.
Unexpectedly we also find a special protein, E3-MPO VL

gi|1699298) [40], which could be an important protein in
icroscopic polyarteritis patient. Many diseases could be cause

icroscopic polyarteritis, such as autoimmune diseases. After ask-

ng this patient, we get a significant answer that this patient has
heumatoid arthritis. This discover gives us a strong evidence to per-
uade people that proteomics is a useful technology for biomarker

[

[
[

iomedical Analysis 49 (2009) 123–128 127

creening. And LC–MS/MS for protein identification is a powerful
ool for application in disease diagnosis.

. Conclusion

A simple sample preparation procedure with LC–MS/MS method
as developed for the analysis of valsartan in human plasma
y solvent saving strategy. The sensitivity of this greener nano-
cale analytical system is sufficient for the monitoring of valsartan
lasma concentration and important protein biomarkers. The
esults indicate that the nano-scale analytical system coupled with
P nano-flow column and switching valve has the ability to ana-

yze valsartan and biological important proteins. Before eluting the
rug we utilized the property of valsartan, which was retained by
he column up to the 20% ACN and washed out the other unde-
ired small molecules interfering with the analysis. Application of
he nano-scale method to trace analysis of valsartan and protein
iomarkers is a suitable method for clinical study. Moreover, lower-

ng the consumption of organic solvents protects our environment
nd is a most helpful trend toward green analytical chemistry.
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