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Abstract

An analytical method based on liquid chromatography with positive ion electrospray ionization (ESI) coupled to tandem mass spectrometry
detection was developed for the determination of Lisinopril in human plasma using Enalaprilat as internal standard. The analyte and internal
standard were extracted from the plasma samples by solid-phase extraction using Waters HEBP&siartridges and chromatographed
on a G analytical column. The mobile phase consisted of acetonitrile/water (60:40v20mM acetic acidt- 4.3 mM of triethylamine.

The method had a chromatographic total run-time of 6.5min and was linear within the range 2.00-200 ng/ml. Detection was carried out
on a Micromass triple quadrupole tandem mass spectrometer by multiple reaction monitoring (MRM). The precision (CV%) and accuracy,
calculated from limit of quantification (LOQ) samples<£ 8), were 8.9 and 98.9%, respectively. The method herein described was employed

in a bioequivalence study of two tablet formulations of Lisinopril 20 mg.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction successfully applied to the measurements of Lisinopril in
human plasma/serum.
Lisinopril (N-[1-carboxy-3-phenylpropyi-lysil]proline), Here we present a fast, sensitive and selective method for

the third ACE inhibitor approved for use in the United States, measuring plasma Lisinopril using liquid chromatography
is the lysine analog of Enalaprilat. Unlike enalapril, Lisino- coupled to tandem mass spectrometry (LC-MS-MS). This
pril itself is active[1]. It has been demonstrated to be effe- method was applied to a bioequivalence study in healthy
tive in the treatment of heart failure, hypertension and acute volunteers.
myocardial infarctior{2].
Lisinopril has been measured by several techniques, such
as bioassay (through inhibition of AQH]), radioimmunoas- 2. Experimental
say[4-8], fluoroimmunoassajf].
Recently, an assay based on gas chromatography-negative 1. Chemicals and reagents
ion chemical ionization mass spectrometry (GC-MS)
[10,11]and liquid chromatography coupled with mass spec-  Lisinopril was kindly provided by EMS, Brazil, lot num-
trometry (LC-MS)[12] were described. Both methods were per 00109987. Enalaprilat was obtained from United States
Pharmacopeia (USP), lot number |. Waters Cadit B
cartridges (30mg, 1cf for solid phase extraction was
T . . purchased from Waters Co. (Milford, MA, USA). Acetoni-
* Cor’respondlng author. Present address: Jpsumo Marcondes Macha_tdotriIe and methanol (HPLC-grade), fuming hydrochloric acid
415 Jesino Marcondes Machado Ave, Campinas SP 13092-320, Brazil. . ) . ! .
Tel.: +55-19-32516928; fax:55-19-32521516. (37%) and glacial acetic acid (analysis grade) were pur-
E-mail address: denucci@dglnet.com.br (G. De Nucci). chased from Mallinckrodt (Paris, ST, USA). Ultra pure water
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was obtained from an Elga UHQ system (Elga, UK). Blank 2.4. Chromatographic conditions

human blood was collected from healthy, drug-free volun-

teers. Plasma was obtained by centrifugation of blood treated An aliquot (30uL) of each plasma extract was injected
with the anticoagulant sodium heparin. Pooled plasma wasinto a Genesis ganalytical column, (150 mm4.6 mmi.d.)
prepared and stored at approximatel20°C until needed. operating at 40C. The compounds were eluted by pump-

All HPLC solvents were filtered through a 0.4% filter ing the mobile phase (acetonitrile/water (60/40; v/v) con-
prior to use. taining 20 mM acetic acid and 4.3 mM of triethylamine) at

a flow-rate of 0.5ml/min. Under these conditions, typical
2.2. Calibration standards and quality control standard retention times were 4.06 min for Lisinopril and

4.17 min for Enalaprilat, and back-pressure values of ap-
Stock solutions of Lisinopril and internal standard proximately 60—-100 bar were observed.

(Enalaprilat) were prepared in methanol-water (50:50, A split of the column eluant of approximately 1:10 was
v/v) at concentrations of 1mg/mL. Calibration curves included so that only 5QL/min entered the mass spectrom-
of Lisinopril were prepared by spiking blank plasma at eter. The temperature of the auto-sampler was kept@t 5
concentrations of 2.00, 5.00, 10.0, 20.0, 50.0, 100 and and the run-time was 6.5 min.
200 ng/mL and the analysis was carried out in duplicate
for each concentration. The quality control samples were 2.5. Mass-spectrometric conditions
prepared in blank plasma at concentrations of 6.00, 30.0
and 150 ng/mL (QCA, QCB, and QCC, respectively). The  The mass spectrometer (Micromass model Quattro II)
spiked plasma samples (standards and quality controls) wereequipped with an electrospray source using a crossflow
extracted on each analytical batch along with the unknown counter electrode run in positive mode (Efswas set up in

samples. Multiple Reaction Monitoring (MRM), monitoring the tran-
sitions 406.3 > 84.3 and 349.1 > 206.1, for Lisinopril and
2.3. Sample preparation IS, respectivelyFig. 1 shows the full scan spectra (upper

trace) and the product ion spectra (lower trace) obtained for

All frozen human plasma samples were previously thawed Lisinopril (panel A) and Enalaprilat (painel B). IRig. 2,
at ambient temperature and centrifuged at 265®or 5 min we proposed an unusual fragmentation mechanism for the
at 4°C to precipitate solids. Four hundred microliters of Lisinopril. Firstly, the protonated moleculez, 406) loss a
aqueous hydrochloric acid solution (10 mM) were dispensed proline residue generating the fragmenz 263. Secondly,
into appropriate glass tubes and then pQ0of sample hu- a cyclisation process is proposed in order to get the unsat-
man plasma was added. The tubes were briefly vortex-mixedurated nitrogen-six-member ringn{z, 84). The proposed
(10s) and 5(L of I.S. (2.0ng/mL Enalaprilat in aque-  fragmentation route for the internal standard, Enalaprilat, is
ous solution) were dispensed into the tubes. The tubes werealso shown irFig. 2.
briefly vortex-mixed (10s) and stood at room temperature In order to optimize all the MS parameters, a mix
for 5min. Sufficient previously unused Waters HLB O&sis  standard solution (1@g/mL) of the analyte and I.S. was
SPE cartridges for the assay were pre-conditioned by wash-infused into the mass spectrometer. For both Lisinopril
ing first with 2mL methanol and then 1 mL of hydrochlo- and Enalaprilat, the following optimized parameters were
ric acid solution (10 mM). Each wash solution was drawn obtained: for Lisinopril the dwell time, the cone voltage
through the columns under light vacuum. All of each plasma and the gas pressure (Helium) were 0.8s, 25V andxl.3
samples were applied to the individual Waters CRSPE 10-3mBar. For Enalaprilat the dwell time, the cone voltage
cartridges. Using light vacuum the samples were slowly and the gas pressure (Helium) were 0.8s, 20V andx1.3
drawn through the cartridges. The cartridges were washed10-3mBar. The collision energy was 20 eV for Lisinopril
for five times with 1 mL of aqueous hydrochloric acid so- and 15eV for Enalaprilat. Data acquisition and analysis
lution (10 mM). The wash was drawn through the columns were performed using the software MassLynx (v 3.2) run-
under light vacuum. The Waters O&3iSPE cartridges were  ning under Windows NT (v 4.0) on a Digital Celebris GL
placed into 12 mnmx 120 mm appropriately numbered glass 6200 PC.
tubes. Cartridges were then eluted with 0.5 mL of methanol,
which were drawn through the cartridge slowly and were 2.6. Sability
collected into the glass tubes by applying a light positive
pressure using an nitrogen flow. The solvent was evaporated Stability quality control plasma samples (3.00, 30.0 and
by using a flow of nitrogen at 3TC. This process was con- 150 ng/mL) were subjected to short-term (6 h) room temper-
ducted in a fume cupboard. ature, three freeze/thaw-@0 to 25°C) cycles and long-term

The dry residues were reconstituted with 2000f ace- stability 148 days tests. For the 56 h-autosampler stability
tonitrile/water (80:20; v/v} 10 mM acetic acid solutionand  (5°C) the quality control samples used were 6.00, 30.0 and
vortex-mixed for 15s. The solutions were then transferred 150 ng/ml. Subsequently, the Lisinopril concentrations were
to the auto-injector microvials. measured compared to freshly prepared samples.
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Fig. 1. Full scan mass spectra in upper trace and product ion spectra in lower trace of (panel A) Lisinopril and (panel B) Enalaprilat.

2.7. Recovery ysis of the samples. The effects of the sample preparation
method (for the matrix that is being analyzed) on the vari-
The recovery was evaluated by calculating the mean ability of the electrospray ionization (ESI) response could
of the response of each concentration and dividing the be determined.
extracted sample mean by the unextracted (spiked blank To assess the effect of ion suppression on the MS/MS
plasma extract) sample mean of the corresponding concensignal of the analyte, Lisinopril, and the internal standard,
tration. Comparison with the unextracted samples, spiked Enalaprilat, the extraction procedure described in item 2.3
on plasma residues, was done in order to eliminate matrix was evaluated. The experimental set-up consisted of an infu-
effects, giving a true recovery. The matrix effect exper- sion pump connected to the system by a “zero volume tee”
iments were carried out using the ratio between spiked before the split and the HPLC system pumping the mobile
mobile phase solutions and unextracted samples, spiked orphase, which was the same as that used in the routine analy-

plasma residues. sis of Lisinopril, i.e. acetonitrile/water (60/40; vi) 20 mM
acetic acid+ 4.3 mM of triethylamine at 0.5mL/min. The
2.8. lon supression infusion pump was set to transfer (pQ/min) of a mix-

ture of analyte and internal standard in mobile phase (both
Suppression of the MS signal (“ion suppression”) can be 50png/mL). A sample of human pooled blank plasma was
caused by contaminants (e.g. salts) in the LC eluant enter-extracted by the extraction procedure. The reconstituted ex-
ing the MS. Thus, a non-specific extraction procedure may tract was injected into the HPLC system while the stan-
produce ion suppression that could interfere with the anal- dard mixture was being infused. In this system any ion
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Fig. 2. Proposed fragmentation pathways for the Lisinopnilz( 406) and Enalaprilatnf’z, 349).

suppression would be observed as a depression of the MS

signal. w0y O e am 481

2.9. Bioequivalence study %]

The method was applied to evaluate the bioequivalence ¢!.
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MRM of 2 Channels ES+
349.14 > 206.09

of two tablet formulations of Lisinopril 20 mg in healthy

T T T
MRM of 2 Channels ES+

woq A 28 ap4 gas 4062878429
volunteers: Lisinopril (test formulation from Medley S/A S
IndUstria Farmagutica, Brazil; lot no. LIC 06/01-1, expiry &
date June 2003) and Zesftistandard reference formulation
from Astra Zeneca; lot no. A03534, expiry date October | ‘ e
2004) 1.00 2.00 3.00 4.00 500 6.00 7.00

Twenty-six healthy volunteers of both sexes were selected
for the study. The study was a single dose, two-way ran- 1® fa
domized crossover design with a 2-week washout period be-
tween the doses. Blood samples were collected before anc *
1,2,3,35,4,45,5,55,6,6.5,7,75,8,85,9, 10, 12, 24

4.17,12037
£

and 48 h post-dosing. P
The bioequivalence between the two formulations was "™ b
assessed according to US-FDA methodol@t3]. S . -
"
3. Results B e e
(B) 1.00 2.00 3.00 4.00 5.00

As show inFig. 3A, no endogenous peak was observed in rig. 3. MRM chromatograms of blank (panel A) and LOQ 2.0 ng/mL

MRM of 2 Channels ES+
34814 » 208.09

MRM of 2 Channels ES+

406.28 > B4.29

e e Time

"B00 7.00

the mass chromatogram of blank plasma. The chromatogram(panel B) samples for Lisinopril and the internal standard.
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Table 1 125+ 4
Data for quantified concentration (ng/mL) of individual QC samples for —o— Zestil
intra-batch and inter-batch validation 1004 —o— Lisinopril
[
Nominal concentration (ng/mL) 8
‘é : 754
6 30 150 £E
QD
Qc
Intra-batch ( = 8) 5 501
Accuracy (%) 99.7 95.0 109.1 o
Precision (%) 6.2 8.2 7.2 25
Inter-batch ( = 3)
Accuracy (%) 94.3 94.0 98.6 0-
Precision (%) 5.0 4.9 10.0 f T T T i I T 1
0.0 25 5.0 75 100 12 30 48

Time (h)
for the standard LOQ sample is showrfiig. 3B, in which Fig. 5. Mean plasma concentrations vs. time curve for two Lisinopril
the retention times for Lisinopril and 1.S. were 4.06 and apjet formulations i{ = 26).
4.17 min, respectively.
Linearity, precision and accuracy were determined to as- 95 504 (85.0-107.4%) for AU, 94.6% (85.0-105.4%)
sess the performance of the method. A linear least-squaregor AUC(-i;r and 92.6% (81.7—105.1%) fo€max. Tmax
regression with a weighting index ofXiwas carried outon  \yas statistically analysed and the point estimate for indi-

the peak area ratios of Lisinopril and I.S. versus Lisinopril vidual differences (Lisinopril/Zestfl) was 0.06h (90%
concentrations of the 7 human plasma standards (in dupli-confidence interval 0f-0.4 to 0.5 h).

cate) to generate a calibration curve. The calibration curves
showed good linearity within the range 2.00-200 ng/mL.
Table 1shows the between-run calibration quality report for
the Quality Control samples (QC).

The recoveries observed (valde CV%, n = 5) were
79.2+ 5.9%, 80.3+ 3.4% and 82.5+ 3.9% (3.0, 30.0 and
150.0 ng/mL, respectively) for Lisinopril, and 774 7.2%
for I.S. (250 ng/mL).

In theFig. 5, it is shown the ion suppression experiment.
In the case of Lisinopril and its internal standard, Enalaprilat,
there was no significant ion suppression in the region where
the analyte and internal standard were eluted as shown in
Fig. 4.

The lower limit of quantification (LOQ), defined as the
lowest concentration at which both precision and accuracy
were less than or equal to 20%, was 2.00 ng/mL.

Stability analysis was carried out with plasma quality con-
trol. All samples showed no significant degradation under
the conditions previously described $ection 2 item 2.6.

The geometric mean and respective 90% confidence
interval (Cl) of Lisinopril/Zestri® percent ratios were

4, Discussion

Measurement of ACE activity as an indicator of serum
concentration of ACE inhibitor has a major drawback in
that the degree of enzyme inhibition does not parallel the
drug leveld14]. Radioimmunoassay is a very sensitive tech-
nigue (0.2—0.4 ng/mL), however, the antisera and/or tracers
are generally not commercially available, making difficult
its use for researchers. High-performance liquid chromatog-
raphy methods were also described for the determination of
Lisinopril, but only in bulk drug analysis and for analysis of
solid dosages formulatiorj$5,16], where the drug concen-
trations are rather high. An assay using high-performance
liquid chromatography was described and used for the mea-
surement of Lisinopril in uringl7]. However, the lower limit
of quantification (LOQ) was reported to be @.§mL, a
concentration far beyond the plasma concentration found af-
ter therapeutic dosage:(L00 ng/mL). Therefore, up to now,
HPLC does not meet the requirements for pharmacokinetic
plasma level determinations.

N— This is the first report on using LC-MS/MS to quantify
100, 2 55755, 406.28> 84.29 Lisinopril in human plasma samples. In the literature, an

},(127 v “71711189«’v \W%@sz?ﬂmmﬁ?f? oY iz LC-MS method for lisinopril in serum has been reported
%] [12]. The main advantages of this method are the inherent
] higher selectivity (due to the MS/MS sytem) and sensitivity
o observed (2.00 ng/mL as compared to the 6.0 ng/mL); lower

o T \RMiof 2 Channels ES amount of sample (0.5 mL versus 1.0 mL) that allows to col-
®7 014 gg1 113141 161 216 258 3/00 3/\34 ars 47 o f“?ﬁ\,fﬁmf@; lect less sample per volunteer and the shorter total run-time
T !‘,,_f""wﬂv'.“ AW AR o) \meysﬂ Iy \ which allows a larger sample throughput.

% Other techniques using MS detection were also reported,
such as GC-M$11]. However, this analytical method in-
- o Time volves also SPE extraction followed by a derivatisation pro-

050 100 1% 200 250 3 3D 400 4 500 50 600 6% cess which is time consuming and more complicated than
Fig. 4. MRM chromatogram of ion supression test. the extraction protocol herein discussé&diy( 5).
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After the oral administration of the Lisinopril tablets to the

volunteers, the observed Lisinopril peak plasma concentra-

tion (Chax) values and the time values taken to be achieved
(tmax) were similar to those reported in the literat{2¢5,18]

and equivalent between the formulations (Fig. 6). In addi-
tion, the calculated 90% CI for medbmax, AUCiast and
AUCin¢ LisinopriI/ZestriF@ individual ratios were within the
80-125% interval defined by the US Food and Drug Ad-
ministration[13].

5. Conclusion

A fast and sensitive LC-MS—-MS method for the quan-
tification of Lisinopril in human plasma was developed and

validated. The method satisfied the requirements of high sen-

sitivity, specificity and rapid sample throughput required for
pharmacokinetic studies.
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