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Abstract

A new high-throughput liquid chromatography tanderass spectrometry (LC-MS/MS) assay for the
quantification of carvedilol in human plasma waweleped and validated. The separation was perforored
Zorbax SB-C18 column under isocratic conditionsngsa 34:66 (v/v) mixture of acetonitrile and 0.2%v{
formic acid in water at 42 °C with a flow rate aBOmL/min. The detection of carvedilol was perfairire mul-
tiple reaction monitoring (MRM) mode (m/z 222, 2283 from m/z 407). The human plasma samples (0)2 m
were deproteinized with methanol, and aliquots ®full from the supernatants obtained after centrifugati
were directly injected into the chromatographicteys. The method shows a good linearity (r > 0.99p8ci-
sion (CV < 12.9 %) and accuracy (bias < 7.8 %) otheg range of 1.63-180.9 ng/mL plasma. The lownsit lof
guantification (LLOQ) was 1.63 ng/mL and the reecgueas between 95-109.8 %. The method is not exgens
it needs a minimum time for plasma sample prepamasind has a run-time of 2 min for instrument as@lyre-
tention time of carvedilol was 1.75 min). The depell and validated high-throughput method is vémpke,
rapid and efficient, with wide applications in dial therapeutic drug monitoring, pharmacokinetiasd bio-
equivalence studies.

Keywords: carvedilol, LC-MS/MS, therapeutic drug monitoring

Rezumat

S-a elaboragi s-a validat o nod metod de cromatografie de lichide de Tnalperformana cuplat: cu
spectrometrie de masin tandem (LC-MS/MS) pentru dozarea carvedilol@ifuplasma umah Separarea s-a
realizat pe o coloah Zorbax SB-C18 in corviliizocratice folosind un amestec de acetoniriD.2% (v/v) acid
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formic in agi (34:66, v/v) la 42 °C cu un debit de 0.3 mL/nBirtegia carvedilolului s-a realizat prin monitori-
zarea reagilor multiple (MRM) (m/z 222, 224, 283 din m/z 30Probele de plasthumani (0.2 mL) s-au depro-

teinizat cu metanafi din supernatantul otnut dupi centrifugare s-au injectat direct in cromatograf uolum
de 15uL. Metoda prezint o buni linearitate (r > 0.9979), precizie (CV < 12.9 %)acuratge (bias < 7.8 %) pe
domeniul de concentria 1.63-180.9 ng/mL plasin Cea mai mi¢ limita de cuantificare (LLOQ) a fost de 1.63
ng/mLsi randamentul de recuperare din plagra fost cuprins intre 95-109.8 %. Metoda nu essgisitoare, ne-
cesiti un timp minim pentru pregirea probelor de plasisi are un timp de analizde 2 min pentru determina-
rea instrumental (timpul de retenie al carvedilolului a fost de 1.75 min). Metodal@brat: si validati este
foarte simpd, rapida si eficientz, avand largi aplicai in monitorizarea carvedilolului Tn timpul trataemtelor

clinice, in studiile de farmacocinedigi bioechivalem:.

Cuvinte cheie: carvedilol, LC-MS/MS, monitorizarea medicamentétoterapie

Introduction

Carvedilol (CVD;1-(9 H- Carbazol-4-
yloxy)-3-[[2-(2-methoxyphenoxy-)ethyl]-
amino]-2-propanol) Figure 1, is a honcardiose-
lective p/a;-adrenoreceptor blocker and has an
anti-oxidant effect. It is used as an antihyper-
tensive and an antiangina drug, being recog-
nized as an effective agent for the treatment of
congestive heart failure (CHF) (1). It is admin-
istered as a racemic mixture, although enan-
tiomers exhibit different pharmacological ef-
fects: both enantiomers are equally potent
adrenoreceptor antagonists, but fhblockade
is exerted mainly by S(-)-CVD.

The pharmacokinetics of CVD is ste-
reoselective. CVD is well absorbed after oral
administration but its absolute bioavailability is
low, about 25-30% (15% for S(-)-CVD and
31% for R(+)-CVD) due to an extensive first-
pass metabolism. The concentration peak in
plasma occurs after about 1-2 h and the plasma
levels are linearly related to the administered
dose, up to 0,3 mg/L. CVD is extensively
bound & 95%) to plasma proteins, R(+)-enan-
tiomer being more tightly bound. The half-life
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Figure 1. Chemical structure of carvedilol

of CVD in plasma is of 4-8 hours. Only 1% of
CVD is excreted unchanged in urine (2, 3).

CVD is more frequently used in adult
therapy whereas, in pediatrics, there are very
few studies which led to disputed conclusions
(4-6). In 2001, the first two articles regarding
CVD'’s pediatric use were published, followed,
in the next years by only a few more (7-11).
The pharmacokinetics research on CVD in pe-
diatrics is scant. Laer et al. reported a study in
which the traditional therapy failed in the case
of the 15 children with CHF (aged between 6
weeks and 19 years) observed (12). They com-
pared CVD’s pharmacokinetics in the case of
those 15 children with the one found in the case
of 9 healthy adults. The diminishing to half
time was significantly shorter at children in
comparison with adults (2.9 in contrast with 5.2
hours). By dividing the children in two groups
(under and above 3.5 years old), the medium
time registered was 2.2 hours at children under
3.5 years and 3.6 hours in the case of those
above the mentioned age. Because of the in-
terest in the pediatric therapy with CVD, this
medicine was included on the list of off-patent
medicinal products for pediatric studies (13)
published by European Medicines Agency in
2007.

Several methods involving high-per-
formance liquid-chromatography (HPLC) with
fluorescence detection (14-19), electrochemical
detection (20) or mass spectrometry detector
(21, 22) and capillary electrophoresis (CE) (23,
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24) have been reported to determine therapeutic
levels of CVD in plasma.

CVD is mainly detected by fluores-
cence measurement. Because it is strongly
bound to proteins, most methods involve
primarily precipitation of proteins (14, 17) and/
or extraction of CVD in organic solvents. Gen-
erally, CVD is isolated by liquid-liquid extrac-
tion (LLE) (15, 20, 21, 25) or solid-phase ex-
traction (SPE) (16, 24), a time-consuming step
that increases the cost of assay and can affect
the recovery. An appropriate derivatisation (19,
23, 26) or the usage of a chiral column (18, 25)
is necessary for the determination of CVD en-
antiomers, otherwise the method is more ex-
pensive and the run-time is longer.

Recently, the liquid chromatography
tandem mass spectrometry (LC-MS/MS) assay
offers considerable advantages by its powerful
performances: speed, selectivity, sensitivity and
robustness. Sample preparation is more simple
and rapid and often includes precipitation of
proteins (PP) and derivatisation (for chiral ana-
lysis) (22, 26) or LLE (21, 27, 28) before chro-
matographic analysis.

The aim of this work was to develop
and validate a new simple and efficiently high
throughput LC-MS/MS assay for quantification
of CVD in human plasma in clinical level mon-
itoring.

Material and methods
Reagents

Carvedilol (CVD) was reference stand-
ard from Sigma (St. Louis, MO, USA). Acet-
onitrile of HPLC-grade and methanol and 98%
formic acid of analytical-reagent grade were
purchased from Merck KGaA (Darmstadt, Ger-
many). Bidistilled, deionized water pro injec-
tiones was purchased from Infusion Solution
Laboratory of University of Medicine and Phar-
macy Cluj-Napoca (Romania). The human
blank plasma was supplied by the Transfusion
Center Cluj-Napoca (Romania) from the

healthy volunteers, men and women.
Apparatus

The following apparatus were used:
204 Sigma Centrifuge (Osterode am Harz, Ger-
many); Analytical Plus Balance (Mettler-
Toledo, Switzerland); Vortex Genie 2 mixer
(Scientific IndustriesNew York, USA); Ultra-
sonic bath Elma Transsonic 700/H (Singen,
Germany). The HPLC system used was an 1100
series Agilent Technologies model (Darmstadt,
Germany) consisting of a G1312A binary
pump, an in-line G1379A degasser, an G1329A
autosampler, a G1316A column thermostat and
an Agilent lon Trap Detector 1100 VL.

Chromatographic and spectrometric condi-
tions

Chromatographic separation was per-
formed on a Zorbax SB-C18 (50 mm x 2.1 mm
i.d., 3.5 um) column (Agilent Technologies)
under isocratic conditions using a mobile phase
of a 34:66 (v/v) mixture of acetonitrile and
0.2% (v/v) formic acid in water at 42°C and a
flow rate of 0.3 mL/min. The detection of CVD
was in the multiple reaction monitoring (MRM)
mode (monitored ions: m/z 222, 224, 283 from
m/z 407) using an ion trap mass spectrometer
equipped with an atmospheric pressure electros-
pray ionization ion source (polarity: positive,
nebulizer 40 psi (nitrogen), dry gas nitrogen at
9 L/min, dry gas temperature 350°C, ICC Tar-
get: 50000, Charge control: ON). The run-time
was of 2 minutes.

Standard solutions

A stock solution of CVD (1,005
mg/mL) was prepared by dissolving an appro-
priate quantity of CVD in methanol. A working
solution (12,060ug/mL) was prepared by ap-
propriate dilution in methanol and another one
(189,9pg/mL) by appropriate dilution in drug-
free human plasma. These solutions were used
to prepare plasma standards with the concentra-
tions of 1.63, 3.62, 7.24, 14.47, 28.94, 57.89,
86.83 and 180.90 ng/mL. Quality control (QC)
samples of 5.43 ng/mL (lower), 27.14 ng/mL
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Figure 2. MS/MS spectra of carvedilol

(medium) and 108.54 ng/mL (higher) were pre-
pared by adding the appropriate volumes of
working solution to drug-free human plasma.
The resultant plasma standards and quality con-
trol standards were pipetted into 15 mL
polypropylene tubes and stored -20°C until ana-
lysis.

For sample dilution validation, two di-
lutions will be freshly prepared on the day of
analysis (482.4 and 48.24 ng/mL) by adding the
appropriate volumes of working solution to
drug-free human plasma.

Sample preparation

Standards and plasma samples (0.2 mL)
were deproteinized with methanol (0.6 mL).
After vortex-mixture (10 s) and centrifugation
(6 min at 6000 rpm), the supernatants were
transferred in autosampler vials andl5were
injected into the HPLC system.

Method validation

The specificity of the method was eval-
uated by comparing the chromatograms ob-
tained from the plasma samples containing
CVD with those obtained from different plasma
blank samples (n=6).

The concentration of CVD was determ-
ined automatically by the instrument data sys-
tem using pick areas and the external standard
method. The calibration curve model was de-
termined by the least squares analygis:b +
ax, weighted(1/4) linear regression, wheng -
peak area andx - analyte concentration
(ng/mL).

The intra-day precision (expressed as
coefficient of variation, CV %) and accuracy
(expressed as relative difference between ob-
tained and theoretical concentration, bias %)
were determined by the analysis on the same
day of five different samples (n = 5) from each
QC standards (at lower, medium and higher
levels). The inter-day precision and accuracy
were determined by the analysis on five differ-
ent days (n = 5) of one sample from each QC
standards (at lower, medium and higher levels).

The lower limit of quantification
(LLOQ) was established as the lowest calibra-
tion standard with an accuracy and precision
less than 20%.

The absolute recoveries were measured
by comparing the response of CVD from spiked
plasma samples with the response of CVD from
a standard solution with the same analyte con-
centration, prepared in mobile phase and pro-
cessed in the same manner with plasma sample.
The absolute recovery was evaluated for quanti-
fication limit and also for each QC level.

The CVD stability in plasma at lower
and higher levels (n=5) was investigated. For
the post-preparative stability (PPS) study, the
samples were prepared and analyzed immedi-
ately and after 10 h (kept at 25°C), and all were
calculated against the same calibration curve.
For the long-term stability (LTS) study, the
samples were stored below ¢ZDand analyzed
during 2 months. The concentrations of the
stored samples were calculated against calibra-
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Figure 3. Representative chromatograms of (up) blanplasma and (down) plasma spiked with carvedilol
at lower limit of quantification (1.63 ng/mL) (RT=1.75 min)

tion curve of the day and the mean values were
compared with the nominal concentrations. For
the freeze-thaw stability (FTS) study, the
samples were submitted to three freeze-thaw
cycles in three consecutive days. After the third
cycle the samples were analyzed against the
calibration curve of the day and the mean val-
ues of concentrations were compared with the
nominal concentrations. The requirement for
the stability of drug is that the difference
between mean concentrations of the tested
samples in various conditions and nominal con-
centrations should be in £15% range.

Results

The chromatographic conditions, espe-
cially the composition of the mobile phase,
were optimized in several trials to achieve a
good MS signal, a short retention time of CVD
and consequently a high-throughput analysis.
The best results were obtained with the mixture
of acetonitrile and 0.2% (v/v) formic acid in
water (34:66, v/v) under isocratic conditions. In
the selected chromatographic conditions the re-
tention time of CVD was 1.63 min and the ana-

lytical run-time was 2 min. The detection of
CVD was performed in MRM mode by monit-

oring ions with m/z 222, 224 and 283 obtained
from parent ion of CVD with m/z 40#igure

2).

Representative chromatograms of drug-
free plasma and plasma spiked with CVD at
LLOQ are shown inFigure 3 No interfering
peaks from the endogenous plasma components
were observed in the retention time of CVD.

The calibration curves were linear over
the concentration range of 1.63 — 18(AdImL
in human plasma, with a correlation coefficient
greater than 0.9979. The LLOQ was 1.63
ug/mL. The values obtained for intra-day and
inter-day precision and accuracy during the val-
idation for plasma are shown ihable 1and
Table 2 respectively.

Discussion

We propose a very simple and rapid
pretreatment of plasma samples including only
PP by methanol and direct injection into chro-
matographic system from the supernatant ob-
tained after centrifugation.
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of carvedilol in human plasma (n = 5)

Nominal Found concentration
concentration mean CV (%) Bias (%) Recovery
(ng/mL) ng/mL +SD (%) +SD
1.63 1.76 0.11 6.5 7.8 107.6 6.2
5.43 5.70 12.9 12.9 5.0 109.8 15.8
27.14 28.18 45 45 3.9 108.6 4.9
108.54 111.25 3.0 3.0 25 104.8 3.2

Table 2. The inter-day precision (CV %) and accurag (bias %) and recovery data for the measurement of

carvedilol in human plasma (n = 5)

Nominal Found concentration
concentration mean CV (%) Bias (%) Recovery
(ng/mL) ng/mL +SD (%) +SD
1.63 1.71 0.12 6.8 4.8 101.4 4.1
5.43 5.27 0.54 10.3 -2.9 95.0 13.7
27.14 28.14 1.18 4.2 3.7 106.4 8.0
108.54 108.19 4.97 4.6 -0.3 96.9 4.4

All the other methods LC-MS/MS re-
ported in the literature for the quantification of
carvedilol in plasma include an isolation step by
LLE (21, 25, 27, 28) to eliminate the impurities
and to increase the sensitivity. But this opera-
tion increases the time of analysis, increases the
costs and can affect the recovery. Therefore, do
Carmo Borges et al. (21) and Jeong et al. (28)
obtained a LLOQ of 0,1 ng/mL after extraction
of carvedilol with diethyl-ether and tert-butyl
ether, respectively, but the recoveries were only
between 80.8 - 83.9% and 79.1 - 84.1%, re-
spectively. In our method, the sample prepara-
tion is very simple and rapid and offers a short-
er time of analyses and a lower cost in compar-
ison with the other longer methods which used
extraction prior to LC assays, with better recov-
eries (95-109.8 %).

Zarghi et al have also analyzed CVD
from human plasma after only PP with acetoni-
trile. For quantification they used a HPLC
method with fluorescence detection and ob-
tained a LLOQ of 1 ng/mL with an average of
recovery of 98.1 + 2.2%. However, the run-time
of analytical method was 5 min, too long for a
high-throughput determination (17).

LC-MS/MS assay

Our method is very simple and rapid,
the analytical run-time being of 2 min. Do Car-
mo Borges et al. have also obtained a good run-
time of 3.5 min and a retention time of CVD of
1.6 min, but after LLE of CVD from plasma
matrix (21). The method reported by Jeong et
al. is a high-throughput method too, with a run-
time of 2.5 min and a retention time of CVD of
1.44 min, but they also have included a LLE
step prior LC-MS/MS assay (28), which in-
creases considerably the total analysis time.

Assay validation

The method was validated in accord-
ance with international regulations (29, 30, 31).
The obtained results proved a good linearity (r
> 0.9979), sensitivity (LLOQ - 1.63g/mL),
accuracy and precision over the studied concen-
tration range. All values for accuracy and preci-
sion were within recommended limit$gble 1
and Table 3. The recovery values were
between 95-109.8 %, which means no analyte
loss during sample preparation due to adsorp-
tion on precipitated proteins.
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Figure 4. Carvedilol plasma levels on a subject
(code DMS) after administration of carvedilol
0.1 mg/kg (profile DMS1) and 0.2 mg/Kg (profile
DMS?2), respectively

Plasma dilutions could be made with a
CV% less than 6.3% and accuracy less than
4.9% for within-run and between-run determin-
ations.

CVD showed good post-preparative
stability in autosampler for at least 10 hours at
25°C before the chromatographic assay (CV of
4.4% at lower level and 1.4% at higher level,
respectively), a good long-term stability in
plasma stored below -20 for 2 months (CV of
6.8% at lower level and 0.5% at higher level,
respectively) and a good freeze-thaw stability in
plasma submitted of three freeze-thaw cycles
(CV of 6.9% at lower level and 9.7% at higher
level, respectively).

Our developed LC-MS/MS assay is
simple, rapid, accurate and not expensive. In
comparison with other published LC-MS/MS
assays (21, 25, 27, 28) for CVD level monitor-
ing in plasma our method performs better in
terms of speed (both sample preparation and
chromatographic run-time) and costs, which are
essential attributes for methods used in routine
analysis. The method was validated over the
concentration range of 1.63-180.9 ng/mL and
was validated for the sample dilution too, being
assured the covering of the therapeutic plasma
levels of CVD (<300 ng/mL (3)). This high-

throughput method can be successfully applied
in clinical level monitoring of CVD and it can
have wide applications in pharmacokinetics and
bioequivalence studies too.

Method application

The developed and validated analytical
method was used for therapeutic drug monitor-
ing and pharmacokinetic parameter estimation
in children with CHF. A typical plasma profile
of carvedilol obtained form a patient (code:
DMS, 15 months, weight 8.25 Kg, diagnostic:
congestive heart failure NYHA Ill), after ad-
ministration of two doses of carvedilol (0.1 and
0.2 mg/kg) is showed iRigure 4
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Abbreviations

ACEI - angiotensin conversion enzyme inhibitors

CE - capillary electrophoresis

CHD - congenital heart diseases

CHF - congestive heart failure

CVD - carvedilol

FTS - freeze-thaw stability

HPLC - high-performance liquid-chromatography

LC-MS/MS - liquid chromatography tandem mass
spectrometry

LLE - liquid-liquid extraction

LLOQ - lower limit of quantification

LTS - long-term stability

MRM - multiple reaction monitoring

PP - precipitation of proteins

PPS - post-preparative stability

QC - quality control

SPE - solid-phase extraction
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