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Abstract

A specific hyphenated high performance liquid chromatography—mass spectrometric (LC—MS/MS) assay was developed for the determina-
tion of captopril in plasma. The drug was extracted from plasma using liquid—liquid extraction with a mixture of diethylether:dichloromethane.
After the addition of the internal standard, samples were applied to a prepaghk@dt€s Symmetry column. The ion trap MS/MS detector
was equipped with electrospray ionization (ESI) source operating in the positive ion mode. Drug determination was accomplished monitoring
captopril at molecular iom/z218 and MS/MS (daughter) etz 171.6. The method was applied to captopril determination in human plasma
after the administration of captopril 50 mg tablets to healthy volunteers who have participated in a pharmacokinetic study.

The method was proved to be specific and precise by testing six different plasma batches. Linearity was established for the range of
concentrations 25-3000 ng/ml with a regression factor of 0.9995. Intra-day accuracy ranged from 90.16 to 96.18%, while the intra-day
precision ranged from 2.60 to 9.66% at the concentrations of 75, 1440 and 2500 ng/ml. Inter-day precision of the method ranged from 5.04
t0 10.10%. This validated method of analysis was successfully applied to human plasma analyses after the administration of a single dose of
50 mg captopril tablets to healthy volunteers.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction phide metabolites are reduced to the free thiol and as such
they can act as a reservoir for free captofil. Only the

Captopril, §-1-(3-mercapto-2-methyl-1-oxo propyl)- free captopril is pharmacologically active; however, the for-
proline, is a specific competitive inhibitor of angiotensin- mation of the inactive disulphides is reversible; subsequently
converting enzyme. Captopril is indicated for the treatment they may act as a reservoir of free captopril and contribute
of hypertension, heart failure, and left ventricular dysfunction to a longer duration of action than predicted by the blood
after myocardial infarctioffil]. concentrations of free captopril (2).

After oral administration of therapeutic-doses of captopril, Numerous methods of analysis have been cited in bibli-
rapid absorption occurs with peak blood levels at about 1 h ography for captopril determination in plasma. These meth-
with average minimal absorption of approximately 75%. Like ods, radiochemicdR], gas chromatographig], GC-mass
other thiols, captopril undergoes rapid oxidation to disulphide spectrometri¢5—7] and HPLC[8-12], are in somehow bur-
metabolites both in vitro and in vii@]. Intracellularly, disul- densome and involve derivatization or/and specialized and

expensive equipment. Up to our best knowledge there is no

published LC-MS/MS method for captopril determination
* Corresponding author. Tel.: +962 6 5821618; fax: +962 6 5821649.  IN human plasma. The aim of the present study was to de-
E-mail addressdr.salem@acdima.com (1.I. Salem). velop and validate a robust and reproducible reversed-phase
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LC-MS/MS method for the determination of the total cap- dithio-pL-threitol solution (excess) were added to each sam-
topril in human plasma with a reliable quantification of at ple then the samples were vortexed and left for 10 min at
least 25 ng/ml. In order to enable the determination of the room temperature. Afterward, each sample was spiked with
total captopril, a chemical stabilizer was to be used to revert 200l of internal standard working solution (100 ng/ml) to
the converted disulphides dimmer (or conjugates) into cap- produce a final concentration equivalent to 50.0 ng/ml of the
topril as well as to prevent the formation of the disulphides internal standard. Zero plasma samples used in each run were
dimmers during the samples preparation and analysis. At theprepared containing 50.0 ng/ml of internal standard only. In
same time, it was expected that this method of analysis wouldeach run, a plasma blank sample (no IS) was also analyzed.
be efficientin analyzing large number of plasma samples sup-

porting pharmacokinetic, bioavailability and bioequivalence 2.4. Quality control samples

studies.
Quiality control (QC) samples were prepared at three dif-
ferent levels, low limit (three times the lower limit of quan-
2. Experimental titation, LLOQ), middle level and a high level (80% of the
upper limit of quantitation limit, ULOQ). QCs were prepared
2.1. Reagents daily by spiking different samples of 4Q0 plasma each with

40l of the corresponding captopril working standard solu-

The following chemicals and reagents were used: ace-tion to produce a final concentration equivalent to 75, 1440
tonitrile (HPLC grade, TEDIA, USA); methanol (HPLC and 2500 ng/ml of captopril. Forty microliters of 200 mM
grade, Acros, Belgium); diethylether (Panreac, Spain); of 1,4-dithiobr-threitol solution were added to each sample
dichloromethane and trifluoroacetic acid (Scharlau, Spain). then the samples were vortexed and left for 10 min at room
The 1,4-dithiopL-threitol (DTT) was supplied by Fluka temperature. Samples were then spiked with 206f the
(Switzerland). DTT is a widely used reagent for the purposes prepared 1S working solution (100 ng/ml) to produce a final
of reducing disulphide bonds and also to maintain monoth- concentration equivalent to 50 ng/ml of IS.
iols in the reduced state. A Milli-® (Millipore, France) wa-
ter purification system was used to obtain the purified water 2.5. Extraction
for the HPLC analysis. Six different batches of lithium hep-
arin plasma of healthy volunteers were obtained from lbn Al QC, calibration curve and blank plasma samples prepara-

Haitham hospital (Jordan). tion was always done under the light of a sodium lamp. Drug
was extracted from plasma samples using liquid—liquid ex-
2.2. Preparation of stock solutions traction technique. Each human plasma sample (40@as

extracted with 6 ml of diethylether:dichloromethane (70:30),

All stock solutions were prepared daily under the light ofa vortexed for 60 s and centrifuged for 5 min at 320@. The
sodium lamp according to the below mentioned procedures. organic layer was separated and evaporated under nitrogen

Primary stock solutions of captopril for the preparation stream at 40C. Finally, sample’s residue was reconstituted
of standards and quality controls were prepared from sep-with 50wl of 0.78 M trifluoroacetic acid solution. Samples
arate weighing. The primary stock solutions (100ddml) were transferred to prelabeled HPLC vials and kept at the
were prepared in methanol/water (50:50, v/v) and stored atautosampler at 4C. Only 10p.l were injected into the HPLC
—20°C. Working solutions of captopril were prepared daily column.
in methanol/water (50:50, v/v) by appropriate dilution at:

0.25, 0.50, 1.00, 3.00, 6.00, 10.00, 20.00 and 3.gnl. 2.6. HPLC conditions

The internal standard stock solution was prepared by dis-
solving 10.0 mg of enalapril in 2100 ml 0.78 M trifluoroacetic Chromatography for separation and determination of the
acid solution to produce a concentration of (100gdml). drug was carried out by applying the samples to a prepacked

This solution was also stored a0°C. Working solutions Cg Waters Symmetry pm, 150 mmx 4.6 mm. (Waters, Mil-
of internal standard were prepared daily in 0.78 M triflu- ford, MA, USA), using a Waters 2690 Alliance high perfor-
oroacetic acid solution to produce a final concentration of mance liquid chromatograph (Waters, Milford, MA, USA).

100 ng/ml. The analytical column was protected by &42.0mm i.d.,
Phenomenex {g guard column (Phenomenex, USA). The
2.3. Calibration curves combination of the mobile phase, prepared by mixing ace-

tonitrile: water in a ratio of 70:30 (v/v) and 13 mM trifluo-
Calibration curves were prepared by spiking different roacetic acid solution, and a flow rate of 1.5 ml/min (a split-
samples of 40Q.l plasma each with 40| of one of the above-  ter was used after the column resulting in a final flow of
mentioned working solutions to produce the calibration curve 0.25 ml/min into the detector), was found to be adequate for
points equivalent to 25, 50, 100, 300, 600, 1000, 2000 andthe samples analysis. Separations were performed at room
3000 ng/ml of captopril. Forty microliters of 200 mM of 1,4- temperature.
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2.7. LC-MS/MS conditions

Drug monitoring and quantitation were done using a Finni-
gan LCQYO quadrupole ion trap mass spectrometer (Finni-
gan ThermoQuest, USA) equipped with an ESI source (Finni-
gan) run by XCALIBUF® 1.2 software.

Operating conditions for the ESI source, used in the pos-

itive ionization mode, were optimized by constantly adding
captopril in methanol (10.g/ml) to the HPLC flow by a sy-
ringe pump via a T-connector in the infusion mode. The signal
was optimized on the total ion currentin MS mode, producing
a transfer capillary temperature of 230, a spray voltage of
4.5kV, and a sheath gas flow of 73 units (units refer to arbi-
trary values set by the LCQ software). At the same time, the
selection of ions and the collision voltages were optimized
using LCQ software. In the MS/MS experiments, the proto-
nated precursor molecular ions [MHpf captopril (Wz218)

exist in much higher concentration than the analytes of in-
terest and may co-elute with those affecting the ionization
of the analytes leading to high imprecision and loss of sen-
sitivity. In order to determine ion suppression matrix effect
profiles, analytes were infused into the mobile phase through
a T-connection between the column and the interface while
injecting the extracted blank plasma samples. The purpose
of this post-column infusion with the analytes is to raise the
background level so the suppression matrix will appear as
negative peaks.

2.8. Data treatment

The linearity of captopril method determination in hu-
man plasma was tested for the range of concentrations
25-3000 ng/ml. Calibration curves were prepared by deter-
mining the best-fit of peak area ratios (peak area analyte /peak

and the I1S1tVz377) were selected and fragmented by helium area internal standard) vs. concentration, and fitted to the
gas collision in the ion trap at a relative collision energy of equationy = bx+ a by unweighted least-squares regression.
42%. The mass spectra resulting from these fragmentations

were acquired in the SRM moderatz171.6 for captopril and
m/z 234 for IS. These product ionsyz 171.6 for captopril
andm/z 234 for the IS, were extracted for quantification.

2.9. Application

The method was applied to analyze the samples of 26

Although the detection in MS/MS technique is highly spe- healthy male adult volunteers who have participated in a
cific and sensitive, nevertheless, endogenous substances cgshramcokinteic study. The study was planned and performed
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Fig. 1. Positive ion electrospray mass spectrum (top) and full scan product ion mass spectrum (bottom) used in SRM for captopril determination.
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Fig. 2. Positive ion electrospray mass spectrum (top) and product ion mas

s spectrum (bottom) used in SRM for enalapril (internal standartipdetermina

according to the current GCP guidance. Each volunteer wasthe IS Fig. 2). The most intense product ion observed in

administered a single dose of 50 mg captopril tablet. Seven
milliliters of venous blood were withdrawn from each vol-
unteer. Blood samples were transferred immediately to hep-
arinized tubes, centrifuged for 10 min at 3200g (at 4°C)

and the separated plasma transferred to Eppendorf tubes an
stored at—70°C until the day of analysis. Clinical samples
(400l plasma) were spiked with 40 of 200 mM of 1,4-
dithio-pL-threitol solution then the samples were vortexed
and left for 10 min at room temperature. Afterward, 200f

the MS/MS spectra waw/z171.6 for captopril andh/z234
for the IS. The corresponding spectra of captopril and the IS
(enalapril) are shown ifigs. 1 and 2respectively.

The combination of HPLC (under the isocratic conditions
described) with ESI-MS/MS leads to short retention times
and yields both high selectivity and sensitivity. The SRM
chromatograms obtained from an extracted blank and
25ng/ml spiked plasma samples are depicteBlign 3. As
shown, the retention times of captopril and the IS (enalapril)

solution containing 100 ng/ml of internal standard was added were 1.2 and 1.0 min, respectively. No interferences of the
to each plasma sample. Forty microliter of methanol:water analytes were observed because of the high selectivity of
(50:50) solution were also added to each sample to compen-the MS/MS techniqueFig. 3 shows also an LC-MS/MS
sate for the added volume during the preparation of calibra- chromatogram of a blank plasma sample indicating no
tion curve and QC samples. The samples were then extractec&egndogenous peaks at the retention timgg 6f captopril

as described above. or internal standard (enalapril). No ion suppression effects
were observed.

The SRM chromatograms obtained from an extracted
plasma sample of a healthy volunteer who participated in
the pharmacokinetic study conducted on 26 volunteers, is
depicted inFig. 4where captopril was unambiguously iden-
tified and was quantified as 70 ng/ml.

3. Results and discussion
3.1. Separation and specificity

ESl is a “gentle” ionization technique that produces high
mass-to-charge [M + 1] precursor ions with minimal frag-
mentation of the analyte. Captopril and IS gave protonated
precursor [M + 1f in the MS mode. The major ions ob-
served weran/z 218 for captopril Fig. 1) andm/z 377 for

3.2. Method validation

In our laboratory, samples analysis is always carried out
in a GLP-compliant manner and therefore the LC-MS/MS
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Fig. 3. LC-MS/MS chromatograms showing: (A) a blank human plasma sample and (B) human plasma sample spiked with 50.0 ng/ml internal standard (left)
and 25 ng/ml captopril (right).

methods need to be validated according to currently ac- tained with an aqueous solution of the analyte at a concen-
cepted US Food and Drug Administration (FDA) Bioan- tration near to the LLOQ. No significant interference at the
alytical method validation guidancfl3]. The following retention time of the drug or internal standard were found, as
parameters were considered as described below. illustrated in the chromatograms presenteéig 3.

To test the specificity, six batches of human plasma were In order to test possible matrix effects, five different
tested. Each blank sample was tested for interference us{0.4 ml) blank plasma samples were extracted and processed
ing the proposed extraction procedure and chromatographic/as abovementioned. Afterward, each one of the dried samples
mass spectrometric conditions and compared with those ob-was spiked with captopril at the low QC level (75 ng/ml). The
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Fig. 4. LC-MS/MS chromatograms showing volunteer's plasma sample after the administration of an oral single dose of 50 mg tablets of captopril. The
sample’s concentration was 70 ng/ml.
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Table 1
Inter-day accuracy, precision and relative error for captopril determination in spiked plasma samples
Day of analysis Captopril concentration in human plasma
Low QC 75 ng/ml Medium QC 1440 ng/ml High QC 2500 ng/ml
Day 1 6664 124924 230762
67.65 136280 233030
66.62 159241 262325
66.53 129513 217296
70.65 142547 221966
Day 2 69.10 1253.91 2424.59
7893 132773 233686
68.32 130256 2171787
66.72 140220 242746
64.94 143116 241080
Day 3 83.37 1246.32 224513
76.47 126453 234095
7181 125095 231550
84.25 129583 221396
86.15 124435 232724
Mean 7254 132964 232494
S.D. 732 9813 11715
Precision as CV% 1a0 7.38 504
Accuracy% 9672 9234 9300
RE% 328 7.66 7.00

samples were vortexed and{LDvere injected intothe HPLC ~ and no more than 15% deviation for standards above this
column. The matrix effect was calculated by comparing peak point (LLOQ). The acceptance criterion for correlation co-
areas obtained for these samples with the unextracted pureefficient was 0.98 or more, otherwise the calibration curve
authentic standard solution peak areas at the low QC levelshould be rejected.
(75ng/ml). Compared to the absolute recovery at the same The intra-day precision and accuracy of the assay was
low QC level (75 ng/ml), the results revealed 3.87% matrix measured by analyzing five spiked samples of captopril at
effect. each QC level (75, 1440 and 2500 ng/ml). Intra-day ac-
Linearity was tested for the range of concentrations curacy of the method for captopril ranged from 90.16 to
25-3000 ng/ml, employing standard calibration curves of at 96.18%, while the intra-day precision (CV) ranged from 2.60
least 8 points (non-zero standards). In addition, a blank (non-to 9.66% at the QC levels. The acceptance criteria for preci-
spiked sample) and a zero plasma samples (only spiked withsion and accuracy deviation values wa$5% of the actual
IS) were also analyzed to confirm absence of interferences.values.
These two samples were not used to construct the calibration  The inter-day precision and accuracy was determined over
function. The method exhibited a good linear response for the three days by analyzing 45 QC samples. Data for the inter-
range of concentrations from 25 to 3000 ng/ml. Correlation day precision and accuracy are presentedable 1 These
coefficients ranged from 0.9988 to 0.9999 (CV 0.05%), while results were within the acceptance criteria for precision and
the calculated accuracy at the LLOQ ranged form 94.93 to accuracy, which establish that the deviation values should be
117.69 (CV 6.5%) and from 98.79 (CV 1.99%) to 100.23 within £15% of the actual values.
(CV%) at the ULOQ. The obtained results were within the The absolute recoveries were evaluated for both captopril
acceptance criteria of no more than 20% deviation at LLOQ and IS by comparing peak areas of the extracted samples with

Table 2

Data showing short-term stability of captopril in human plasma at different QC levels

Run Low QC recovery% Medium QC recovery% High QC recovery%
1 10273 11090 11648

2 10210 11381 10537

3 11478 11461 10577

4 11031 11619 11691

5 10538 11475 11064

Mean 10706 11405 11103

S.D. 539 196 557

CV% 5.04 172 502
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Table 3

Data showing freeze and thaw stability of captopril in human plasma at different QC levels

Run Low QC recovery% Medium QC recovery% High QC recovery%
1 10805 9266 9919
2 10792 9611 8941
3 11126 11094 9174
4 11970 12014 9143
5 11198 12515 10144
Mean 11178 10900 9464
S.D. 479 1433 532
CV% 429 1315 562
Table 4

Data showing long-term stability of captopril in human plasma at different QC levels

Run Low QC recovery% Medium QC recovery% High QC recovery%
1 10855 11327 10485
2 9805 11700 11346
3 10576 11586 10495
4 10457 11356 11265
5 10018 11044 11379
Mean 10342 11403 10994
S.D. 426 254 462
CV% 412 223 420

the unextracted pure authentic standard solutions peak areaaccuracy and 8.48% precision. The LLOQ met the follow-

atthree QC levels (75, 1440 and 2500 ng/ml). Results rangeding criteria: LLOQ response was more than five times the
from 87.47% (CV 7.49%) t0 93.32% (CV 6.74%) at the three response of the blank and the LLOQ response was identi-
QC levels. Absolute analytical recovery of internal standard fiable, discrete and reproducible with precision of 20% and
(enalapril) was 86.09% (CV 8.36%). 80-120% accuracy.

For sensitivity determination, the lowest standard concen-  The stability of the analytes in human plasma under differ-
tration in the calibration curve was considered as the lower ent temperature and timing conditions, as well as the stability
limit of quantitation. Although captopril’s limit of detection  of the analytes in stock solution, was evaluated as follows:
could be brought down to 1 ng/ml, nevertheless, for the pur-  For short-term stability determination, stored plasma
poses of this study, the lower limit of quantitation for capto- aliquots were thawed and kept at room temperature for a
pril was investigated and proved to be 25 ng/ml, with 99.35% period of time exceeding that expected to be encountered
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Fig. 5. Mean plasma concentration-time profiles of four healthy volunteers after the administration of an oral single dose of 50 mg tablet ofiteptogmil
bars represents standard deviation.
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during the routine sample preparation (around 6 h). Samplesples and were not allowed to stand for a period of time more
were extracted and analyzed as abovementioned. Results arthan that needed to complete spiking of plasma samples.
given below inTable 2 Short-term stability indicated reli-
able stability behavior under the experimental conditions of
the regular runs. 4. Application
The post-preparative stability of QC samples kept in the
autosampler for 24 h at“C, was also assessed. The mean  This specific and precise method was applied to analyze
recoveries of the low, mid and high QC levels ranged from plasma samples obtained after the administration of a single
102.54% (CV 4.40%) to 110.43 (CV 5.12%). The results dose of 50 mg captopril tablets to 26 healthy volunteers in a
indicate that captopril and internal standard can remain atpharmacokinetic study. The mean plasma concentration-time
the autosampler temperature’(d) for at least 24 h, without  profile of four volunteers is representedriy. 5.
showing significant loss in the quantified values, indicating
that samples should be processed within this period of time.
The data that represent the stability of captopril plasma gpaferences
samples at three QC levels over three cycles of freeze
(=70°C) and thawing (room temperature) are given in [1] physicians' Desk Reference (PDR), fifty-seventh ed., Medical Eco-
Table 3 The performed tests indicate that the analyte is stable nomics, Inc., Montvale, NJ, USA, 2003, pp. 2197-2200.
in human plasma for three cycles of freeze and thaw, when [2] K.L. Duchin, D.N. McKinstry, A.L. Cohen, B.H. Migdalof, Clin.
stored at-70°C and thawed to room temperature. Pharmacokinet. 14 (1988) 241-259.
. . [3] K.K. Wong, S.J. Lan, B.H. Migdalo, Biochem. Pharmacol. 30 (1981)
Table 4summarizes also the long-term stability data of 26432650,
captopril in plasma samples stored for a period of 3 weeks (4] v. matsuki, K. Fukuhara, T. Ito, H. Ono, N. Ohara, T. Yui, T. Nam-
at—70°C. The stability study of captopril in human plasma bara, J. Chromatogr. 188 (1980) 177-183.
showed reliable stability behavior as the mean of the results [5] M.E. Franklin, R.S. Addison, P.V. Baker, W.D. Hooper, J. Chro-
of the tested samples were within the acceptance criteria of ___ Matogr. B Biomed. Sci. Appl. 705 (1998) 47-54.
L. L [6] H.J. Leis, M. Leis, W. Welz, E. Malle, J. Chromatogr. 529 (1990)
+15% of the initial values of the controls. These findings 200-308.
indicated that storage of captopril plasma samples7d°C [7] T. Ito, Y. Matsuki, H. Kurihara, T. Nambara, J. Chromatogr. 417
is adequate, and no stability-related problems would be ex-  (1987) 79-87.
pected during the samples routine analysis for pharmacoki- [8] F. Tache, A. Farca, A. Medvedovici, V. David, J. Pharm. Biomed.
netic studies. Anal. 28 (2002) 549-557.

o . 9] M. Amini, A. Zarghi, H. Vat , Pharm. Acta Helv. 73 (1999
The stability of the stock solutions was tested and estab- [ 303_?(')2' argn! atanpour, Pharm. Acta Helv. 73 (1999)
lished at room tem_perature for 6 hin absence of light. The re- [10] A. Kedr, H. el-Sherief, Biomed. Chromatogr. 12 (1998) 57—60.
covery for captopril was 95.03% (CV 0.17%). Enalapril (IS) [11] R.J. Kok, J. Visser, F. Moolenaar, D. de Zeew, D.K. Meijer, J. Chro-
recovery was 100.27% (CV 0.10%). The results revealed op-  matogr. B. Biomed. Sci. Appl. 693 (1997) 181-189.
timum stability for the prepared stock solutions throughout [12] H- Wakabayashi, S. Yamato, M. Nakajima, K. Shimada, J. Pharm.
the period intended for their daily use. Working solutions and Biomed. Anal. 12 (1994) 1147-1152.

.p o . y ’ 9 . [13] Guidance for industry, Bioanalytical method validation. US Depart-
serial dilution standard solutions were prepared freshly just ment of Health and Human Services. Food and Drug Administration,

before spiking for both the calibration curve and the QC sam- Center for Drug Evaluation and Research (CDER), May 2001.
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