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Abstract

A rapid, sensitive and specific method to quantify carvedilol in human plasma using metoprolol as the internal standard (IS) is
described. The analyte and the IS were extracted from plasma by liquid—liquid extraction using a diethyl-ether solvent. After removed
and dried the organic phase, the extracts were reconstituted with a fixed volume of acetonitrile—water (50/50; v/v). The extracts were
analyzed by a high performance liquid chromatography coupled to electrospray tandem mass spectrometry (HPLC-MS/MS). Chro-
matography was performed isocratically on Alltech Prevai} €um analytical column, (150 mm 4.6 mm i.d.). The method had a
chromatographic run time of 3.5min and a linear calibration curve over the range 0.1-200ngim0.997992). The limit of quan-
tification was 0.1 ngmi*. This HPLC-MS/MS procedure was used to assess the bioequivalence of two carvedilol 25 mg tablet formula-
tions (carvedilol test formulation from Labotatos Biosinética Ltda and Coréyfrom Roche Qimicos e Farmaguticos S.A standard
reference formulation). A single 25mg dose of each formulation was administered to healthy volunteers. The study was conducted
using an open, randomized, two-period crossover design with a 2-week wash-out interval. Since the 90%,f! &d AUCs ratios
were all inside the 80-125% interval proposed by the US Food and Drug Administration Agency, it was concluded that carvedilol
formulation elaborated by Labofatos Biosinética Ltda is bioequivalent to CorBgiormulation for both the rate and the extent of
absorption.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction mainly in the §-carvedilol, while thea-blocking activity
is shared by R)- and §-enantiomerg3,4], but this drug
Carvedilol is a nonselectiv@-blocking agen{1,2] and is used clinically as a racemic mixture of both enantiomers.

it also has vasodilating properties that are attributed mainly Carvedilolis used in the treatment of mild to moderate hyper-
to its blocking activity at receptors. Carvedilol is a racemic tension and angina pectof§ and is often used in combina-
compound and the nonselecti@eblocking activity resides  tion with other drugs. Carvedilol is a anti-hypertensive agent
with non-selective3- and al-adrenergic receptor blocking
activities[6] which is also being used in the treatment of con-

* Corresponding author. Fax: +55 19 3252 1516. gestive heart failur§7,8] and presents antioxidative effects
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in vivo [9]. Carvedilol has been determined in plasma and 2. Experimental
other biological fluids such as high performance liquid chro-

matography coupled to fluorometric detectif$10-18] 2.1. Chemicals and reagents
high performance liquid chromatography coupled to ultra-
violet detection[18], capillary electrophoresis coupled to Carvedilol (99.6%) was provided by Heatwell S.A.

ultra-violet detectiorf18,19], capillary electrophoresis cou- Metoprolol (100.2%) was obtained from, Novartis, respec-
pled with laser-induced fluorescer@®], high performance tively. Acetonitrile, methanol (HPLC-grade) and ammonium
liquid chromatography coupled to electrochemical detec- acetate, analytical grade, were purchased from J. T. Baker
tion [21], liquid chromatography coupled to tandem mass (Phillipsburg, NJ, USA), diethyl ether (analysis grade) was
spectrometnyf22,23] Carvedilol is rapidly and completely  purchased from Mallinckrodt (Paris, KY, USA), deonized
absorbed after oral administration, but its absolute bioavail- water (analysis grade) was purchased from Millipore (Brazil)
ability is rather low due to an extensive first-pass metabolism and formic acid (86%, analytical- grade) was purchased from
[24]. Cetus (Brazil). Ultra pure water was obtained from an Elga
Here we present a fast, sensitive and selective method forUHQ system (Elga, UK). Blank human blood was collected
measuring plasma carvedilol using liquid chromatography from healthy drug-free volunteers. Plasma was obtained by
coupled to tandem mass spectrometry (LC—MS/MS) with centrifugation of blood treated with the anticoagulant sodium
positive ion electrospray ionization using multiple reaction heparin. Pooled plasma was prepared and store at approxi-
monitoring (MRM) mode to quantify carvedilol in human mately—20°C until needed.
plasma using metoprolol as the internal standardKig, 1).
This method was employed in a bioequivalence study of 2.2. Calibration standards and quality control
two carvedilol 25 mg tablet formulations: carvedilol test for-
mulation from Labordirios Biosinética Ltda and Coréd Stock solutions of carvedilol were prepared
from Roche Qimicos e Farmaguticos S.A standard refer- methanol-water (70:30, v/v) and internal standard (meto-
ence formulation. The bioequivalence study was conductedprolol) were prepared in methanol-water (50:50, v/v) at
using a single dose, two-way, open, randomized crossoverconcentrations of 1 mg/ml. Calibration curves of carvedilol
design with 2-week wash-out period between the doses andwere prepared by spiking blank plasma at concentration of
36 healthy volunteers were included. 0.1,0.2,0.5,2.0,10.0,20.0,50.0,100.0 and 200.0 ng/ml. The
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Fig. 1. Proposed fragmentation pathways for the Carvedilol (A) and Metoprolol (B).
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analysis was carried out in duplicate for each concentration. 2.3. Sample preparation
The quality control samples were prepared in blank plasma

at concentrations of 0.60, 9.00 and 150.0 ng/ml (QCA,

Allfrozen human plasma samples were previously thawed

QCB and QCC, respectively). The spiked plasma samplesat ambient temperature and centrifuged at 20@for 4 min
(standards and quality controls) were extracted on eachat —15°C to precipitate solids. Two hundred microliters of

analytical batch along with the unknown samples.

Carvedilol 10ug/mL in mp CON

E 35

sample human plasma were introduced into glass tube follow-
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Fig. 2. Full scan mass spectra in upper trace and product ion spectra in lower trace of (panel A) carvedilol and (panel B) metoprolol.
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ing by 50ul of the internal standard solution (300 ng/ml of transferred to 96-well plates using automatic pipettes with
metoprolol in methanol-water 50/50, v/v solution) and the disposable plastic tips.

samples vortex-mixed for approximately 5s. Diethyl-ether

was added (4 ml) to all the tubes and performed the extrac-2 4. Chromatographic conditions

tion by vortex-mixing during 40 s. The tubes were frozen for

10 min at—70°C. The upper organic phase was transferred  An aliquot of each plasma extract was injected
to another set of clean glass tubes and evaporated to dryinto a Alltech Prevail Gg 5 um analytical column,
ness under Nat 50°C. The dry residues were dissolved (150 mmx 4.6 mm i.d.) and guard column Alltech Pre-
with 0.200ml of a solution of acetonitrile-water (50/50, vail C1g 5 um (7.5 mmx 4.6 mm i.d.) operating at room
V/V), vortex-mixed for 10 s to reconstitute the residues and temperature. The Compounds were eluted by pumping
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Fig. 3. lon suppression procedure: (A) Mobile phase infusion, (B) analyte (50 ug/ml) infusion and (C) blank sample injection.
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lon sup. expt. blank sample injection 21:39:19 15-Mar-2004
14903TSIO2-OOOSESr(1)1 f\2/1n, 2x2) MRM of 2 Channels ES+
By : 268.3> 116.1
100- 1.20
00 10.27 2.28 3.24 4.05 5.20 5.90 1.3466
cyﬂ o4 |
L R 5 D200, B, B o R A e e [ e i T LI, L W O DL R |
14903TSI02-OO§ Sm (Mn, 2x2) MRBM of 2 Channels ES+
o - 407.2 > 99.8
1009 s 4 128 2.34 3.25 4,03 5,18 _— " eos
m %
0 T L B T e T L FR T 5 T T I AT LIS — Time
(9] 1.00 2.00 3.00 4.00 5.00 6.00 7.00

Fig. 3. (Continued.

the mobile phase (acetonitrile—water (80/20; v/v)+12mM index of 1kand second order was performed on the peak area
formic acid +20 mM ammonium acetate at a flow-rate of ratios of carvedilol and IS vs. carvedilol concentrations of
1.8 ml/min. Under these conditions, typical standard reten- the nine plasma standards (0.1, 0.2, 0.5, 2.0, 10.0, 20.0, 50.0,
tiontimes were 1.6 mig: 0.3 for carvediloland 1.6 mi# 0.3 100.0 and 200.0 ng/ml.) in duplicate to generate a calibration
for metoprolol and back-pressure values of approximately 90 curve.
bar were observed.

A split of the column eluant of approximately 1:10 was 2.7, Stability

included so that only 18@l/min entered the mass spectrom-
eter. The temperature of the auto-sampler was kept &€13
and the run-time was 3.5 min.

2.5. Mass-spectrometric condictions

The mass spectrometer (Micromass,UK, model LC)

equipped with an electrospray source using a cross flow

counter electrode run in positive mode (ES+), was set up in
Multiple Reaction Monitoring (MRM), monitoring the transi-
tions 407.20 >99.80 and 268.30 > 116.10, for carvedilol and
IS, respectivelyFig. 2 shows the full scan spectra (upper
trace) and the product ion spectra (lower trace) obtained
for carvedilol (panel A) and metoprolol (panel B). The pro-
posed fragmentation pathways for carvedilol and metoprolol
(Fig. 1). In order to optimize all the MS parameters, a stan-
dard solution of the analyte and I.S. were infused into the

mass spectrometer. The following optimized parameters were

obtained: the dwell time, the cone voltage and the collision
energy were 0.3s,35V and 30eV and 0.3s, 30V and 18eV
for carvedilol and metoprolol, respectively. Data acquisition
and analysis were performed using the software MassLynx
(v 3.5) running under Windows NT (v 4.0) on Pentium Il PC.

2.6. Linearity

Stability quality control plasma samples (0.60, 9.00 and
150.0 ng/ml) were subjected to short-term (10 h) room tem-
perature, three freeze/thaw-20 to 25°C) cycles, 48h
autosampler stability (13C) and long-term stability 58 days
tests. Subsequently, the carvedilol concentrations were mea-
sured compared to freshly prepared samples. The signifi-
cance of the results obtained was analyzed by Studetets
(p<0.05).

2.8. Recovery

The recovery was evaluated by calculating the mean
of the response of each concentration and dividing the
extracted sample mean by the unextracted (spiked blank
plasma extract) sample mean of the corresponding concen-
tration. Comparison with the unextracted samples, spiked
on plasma residues, was done in order to eliminate matrix
effect, giving a true recovery. The matrix effect experiments
were carried out using the ratio between spiked mobile
phase solutions and unextracted samples, spiked on plasma
residues.

2.9. lon supression

Linearity was determined to assess the performance ofthe A procedure to assess the effect of ion supression on the

method. A linear least-squares regression with a weighting

MS/MS was performed. The experimental set-up consisted



258 N.C. do Carmo Borges et al. / J. Chromatogr. B 822 (2005) 253-262

of an infusion pump connected to the system by a “zero vol- Table 2
ume tee” before the Split and the HPLC system pumping Mean pharmacokinetic parameters obtained from 36 volunteers after admin-
the mobile phase which was the same as that used in theistration of each 25 mg carvedilol tablet formulation

routine analysis of carvedilol, i.e. acetonitrile—water (80/20, Carvedilol
v/v) +12mM formic acid +20 mM ammonium acetate at Cored Carvedilol
1.8 mI/_m|n. The infusion pumpwas setto trangferplw_mn) Mean SD. Vean SD.
of a mixture of analyte and internal standard in mobile phase
AUCjas; ([ng hl/ml) 187.20 101.45 184.67 121.05

(both 50rg/ml). A sample of human pooled blank plasma

X . AUCir¢ ([ng h}/ml) 198.59 108.29 194.53 124.61
was extracted by.the extraction procedure. The reconsti- Auc o agny(Ing hj/mi) 188.28 102.22 185.74 121.60
tuted extract was injected into the HPLC system while the Cay (ng/ml) 52.01 34.70 53.84 45.10
standard mixture was being infused. In this system any ion Ta(h) 10.16 4.76 9.96 5.38
suppression would be observed as a depression of the MS ) i

. Median (Range) Median (Range)
signal.

Tmax (N)-median 100 0.33-350  0.67 0.67-4.00

2.10. Bioequivalence study

1/x was carried out on the peak area ratios of carvedilol and

The method was applied to evaluate the bioequivalence of|.S. versus carvedilol concentrations of the 9 human plasma
two tablets formulations of Carvedilol (test formulation from standards (in duplicate) to generate a calibration curve. In
Laborabrios Biosingtica Ltda, Brazil; lot No. 352/03, expiry  the case of carvedilol and its internal standard, metopro-
October 2005) and Cor8g-25 mg tablet (standard reference |ol, there was no significant ion suppression in the region
formulation from Roche Qmicos e Farmaguticos S.A, lot where the analyte and internal standard are eluted as shown in
No. 114933, expiry date April 2005). Fig. 3

The study consisted of an open study of 36 healthy vol-  The recovery of carvedilol was 80.8 (CV 8.2%), 81.4 (CV
unteers. After screening and wash-out period (of at least 28.9%) and 83.9 (CV 2.0%) for the 0.60, 9.00 and 150.0 ng/ml
weeks), the individuals who qualified were confined for two standard concentrations, respectively. For the recovery of
periods of approximately 52 h. Each confinement was inter- |.S. were 82.7 (CV 3.2%), 88.2 (CV 5.9%) and 88.2 (CV
valed by a period of 1 week. Study Schedule Pre-study period: 2.0%) for the 0.60, 9.00 and 150.0 ng/ml standard concentra-
Medical history, General physical examination, Electrocar- tions, respectively. No significant matrix effect was observed.
diogram, Clinical laboratory examination, Confined period: The limit of quantification (LOQ) validated was 0.1 ng/ml
a 4 mL blood sample was collected before dosing and 0:20, defined as the lowest concentration at which both the pre-
0:40, 1,1:20, 1:40, 2, 2:20, 2:40, 3, 3:30, 4, 4:30, 5, 5:30, cision and accuracy were <20%. Stability tests performed
6, 7,8, 10, 12, 14, 16, 20, 24, 28, 32 and 36 h post-dosing. indicated that there was no significant degradation under the
Post-study period: General physical examination, Electrocar- conditions described@ble 4. Within- and between-run pre-

diogram, Clinical laboratory examination. cision and accuracy for the LOQ and QCs are summarized in
Table 1
As shown inFig. 4, no endogenous peak was observed in
3. Results the mass chromatogram of blank plasma. The chromatogram

for the standard LOQ sample is shownFig. 4, in which
The simplest regression method for the calibration curves the retention times for carvedilol and I.S. were 1.6 m1i0).3,
of the carvedilol way=a+bxfrom 0.1 to 200 ng/ml (cali- respectively. The mean Carvedilol plasma concentrations ver-
bration curve 0.033581% x+ 0.000529367;2>0.997992). sus time profiles after a single oral dose of each 25 mg tablet
A linear least-squares regression with a weighting index of formulation of Carvedilol is shown ifig. 5.

Table 1
Accuracy and precision data for carvedilol from the pre-study validation in human plasma

Intra-batchn=8

Nominal concentration (ng mt) 0.1 0.60 9.00 150.0

Mean range 0.103 (0.094-0.116) 0.622 (0.582-0.707) 9.74 (8.95-10.2) 153 (144-167)

Accuracy (%) 103.1 103.7 108.2 101.8

Precision (%) 8.2 3.8 4.1 4.2
Inter-batchn=24

Nominal concentration (ng mf) 0.1 0.60 9.00 150.0

Mean range 0.105 (0.085-0.126) 0.644 (0.596-0.719) 9.73(8.96-10.3) 157 (144-167)

Accuracy (%) 105.5 106.6 108.1 104.5

Precision (%) 9.7 4.8 3.0 3.6
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Fig. 4. MRM chromatogram of the LOQ (0.1 ng/mL): (A) metoprolol and carvedilol (B). MRM chromatograms of blank normal human plasma: (C) metoprolol

and (D) carvedilol.
4. Discussion

Although it is well known that Carvedilol and Metopro-
lol are not stable at low pH, no perceivable degradation of

the analysis, since the total run time (3.5 min), under these
condition of acidity, was not long enough to cause signifi-
cant degradation. The presence of the acid was necessary in
order to improve the detection of the compounds in positive

the analyte and I.S. was observed under the described liquidelectrospray.

chromatographic conditions. The fact that the mobile phase
contained a low amount of formic acid did not interfere with

The limit of quantification (LOQ) in published procedures
for plasma or serum varies from 0.2ng/ml to 0.02 mg/L.
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Geometric mean of the individual AUss:, AUCo_~ andCnax ratios (test/reference formulation), the respective 90% confidence intervals (Cl) and power

Percent geometric mean 90% CI Power Percent intra-subject CV

n=34

AUC55t% ratio 9477 90.58-99.15 1.00 1m

AUC; % ratio 9473 90.38-99.30 1.00 145

Cmax%b ratio 9721 87.93-107.47 0.95 2
Male (n=16)

AUC|55t% ratio 9166 86.16-97.51 0.99 .94

AUCin % ratio 9132 85.93-97.05 0.99 .97

Cmax% ratio 88.44 75.42-103.72 0.62 .88
Female (1=18)

AUC35% ratio 9762 91.27-104.42 0.99 186

AUCin% ratio 9788 91.14-105.11 0.99 125

CmaxYoratio 10574 92.66-120.66 0.79 X8

The LC-MS/MS-CID method described by Gregov et al.
[23] shows a poor sensitivity (LOQ of 0.02mg/L and RT-
10 min.), however Varin et aJ10] using HPLC-UV demon-

strated in human plasma LOQ of 0.25 ng/ml with RT- 3.8 min.

Recently, Yang et a[26], described in plasma using chiral
HPLC-API-MS/MS employed liquid-liquid extraction the
LOQ 0.2 ng/mL, the retention time of Carvedilol was shorter
than our method (0.5-0.7 min). The method LC-MS/MS,

Table 4

Stability test (post-processing stability test, freeze-and-thaw stability, short-term stability, long-term stability tests)

Post-processing stability test (values in ng/mL)

Reference values Values after 24 h Reference values Values after 24 h Reference values Values after 24 h
Low sample Medium sample High sample

Mean 0.648 669 9.75 1® 164 170

CV (%) 4.1 38 4.6 61 2.4 42

Variation 3.2 7.8 3.7
Reference values Values after 48 h Reference values Values after 48 h Reference values Values after 48 h
Low sample Medium sample High sample

Mean 0.648 (46 9.75 1 164 171

CV (%) 4.1 33 4.6 38 2.4 21

Variation -0.3 6.5 4.6

Freeze-and-thaw stability test (values in ng/mL)

Reference values

Values after 3 cycles

Reference values

Values after 3 cycles Reference values Values after 3 cycles

Low sample Medium sample High sample
Mean 0.638 649 9.34 N9 152 155
CV (%) 3.3 2 3.6 2 4 52
Variation 1.7 1.6 1.6
Short-term stability test (values in ng/mL)
Reference values Values after 10 h Reference values Values after 10 h Reference values Values after 10 h
Low sample Medium sample High sample
Mean 0.638 633 9.34 a2 152 153
CV (%) 3.3 55 3.6 31 4 3
Variation -0.8 -0.2 0.3

Long-term stability test (values in ng/mL)

Reference values

Values after 58 days

Reference values Values after 58 days

Low sample Medium sample
Mean 4.49 44 418
CV (%) 3 2.8 29
Variation -2 -5
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Fig. 5. Carvedilol plasma means concentrations vs. time profile obtained after the single oral administration of 25 mg of carvedilol formulation.

employed liquid—liquid extraction, it was chosen, because mulation elaborated by Labofatos Biosinética Ltda is
is faster, cheaper and has an appropriated recovery with ebioequivalent to Corég formulation for both the rate and

low variability.
A new method was developed to analytical runs until 48 h,

as observed in the post processing stability tests. However,

others analitycal runs were made within a maximal time
of 13h (210 samples/day), due to our limited capacity of

extraction. Herein is presented a more sensitive assay, com
pare to many others, it was proved to be rather effective

(LOQ of 0.1 ng/ml), thereby, itis simple, straightforward and

also shows a good retention time (1.6 min). As demonstrated

in this assay, this method is perfectly suitable for a high-
throughput routine such as bioequivalence studies.
After the oral administration of the Carvedilol tablets to

the volunteers, the observed carvedilol peak plasma concen-

the extent of absorptiof25].
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