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bstract

A simple, rapid and sensitive isocratic reversed-phase HPLC method with fluorescence detection using a monolithic column has been devel-
ped and validated for the determination of carvedilol in human plasma. The separation was performed on a Chromolith Performance (RP-18e,
00 mm × 4.6 mm) column with an isocratic mobile phase consisting of 0.01 M disodium hydrogen phosphate buffer–acetonitrile (40:60, v/v)
djusted to pH 3.5. The sample preparation involves protein precipitation procedure and analytical recovery was complete. Letrozole was used as

nternal standard. The assay enables the measurement of carvedilol for therapeutic drug monitoring with a minimum quantification limit (LOQ) of
ng ml−1. The excitation and emission wavelengths were set at 240 and 340 nm, respectively. The calibration curve was linear over the concentration

ange 1–80 ng ml−1. The coefficients of variation for inter-day and intra-day assay were found to be less than 8.0%.
2007 Published by Elsevier B.V.
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. Introduction

Carvedilol is a non-cardioselective beta blocker which is used
n the management of hypertension and angina pectoris. It is
lso used to reduce mortality in patients with left ventricular
ysfunction following myocardial infarction [1]. Carvedilol is
ell absorbed from the gastro-intestinal tract with peak con-

entrations in plasma occurring about 1–2 h and it is highly
rotein bound (>98%) [2]. Several chromatographic methods
ave been developed for the determination of carvedilol in bio-
ogical fluids [3–10]. Most of these methods are focused on the
eparation of enantiomers [6–8] or deal with analyses in urine
nd various biological materials [9,10], which is usually not
ecessary for bioequivalence studies. Only few methods have
een reported for determination of carvedilol in human plasma

r serum [3–5]. However, these methods have various limita-
ions, including time-consuming sample clean-up and laborious
xtraction steps, low sensitivity and long run times which are not
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uitable in all conditions. Two sensitive LC–MS/MS assays have
een also reported for the stereoselective analyses of carvedilol
n plasma [11,12]. Both the methods are very sensitive, having
ow quantitation limits. However, these methods are not suitable
or bioequivalence studies and other routine pharmacokinetic
urposes due to using of complex and time-consuming derivati-
ation procedure with chiral reagents. Moreover, this technique
s not available for most laboratories because of its specialty
equirement and financial reasons. This paper describes the
evelopment and validation of a simple, rapid and sensitive
socratic reversed-phase HPLC method for the determination
f carvedilol in human plasma using a monolithic column
ith fluorescence detection. Recently, monolithic columns have
enerated interest as alternative to particulate columns in liq-
id chromatography due to their simple preparation procedure,
nique properties and excellent performance, especially for sep-
ration of drugs in biological samples [13,14]. Their properties
nhance the speed of the separation process and reduce backpres-

ure and unspecific binding without sacrificing resolution [15].
n our method, separation was performed on a reversed-phase
onolithic column, which has lower separation impedance com-

aring to the particulate packings, and therefore it allows easy
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dx.doi.org/10.1016/j.jpba.2007.01.026


al and

o
o
p
t
v
d
s

2

2

m
c
H
f
b

2

W
a
E
T
(
G
2

g
3
d
p

2

(
2
p

2

t
(
t
s

2

s
a
−
p

c
d
a
p

2

s
A
fi
s
a
p

2

w
w
m
p

2

b
c
c
o
e

2

d
r
r
p
f
a
w
t
c
p
t
s

2

T

A. Zarghi et al. / Journal of Pharmaceutic

ptimizing chromatographic conditions to obtain desirable res-
lution in a short time. The sample preparation only involves
rotein precipitation and no evaporation step is required. Also,
he use of a small sample volume and short analysis time pro-
ides advantages for analysis of carvedilol in plasma. We also
emonstrate the applicability of this method for pharmacokinetic
tudies in humans.

. Experimental

.1. Chemicals

Carvedilol and letrozole were supplied by Darupakhsh Phar-
aceuticals (Tehran, Iran). Carvedilol is available as oral tablet

ontaining 25 mg of carvedilol and other inactive ingredients.
PLC-grade acetonitrile and all other chemicals were obtained

rom Merck (Darmstadt, Germany). Water was obtained by dou-
le distillation and purified additionally with a Milli-Q system.

.2. Instruments and chromatographic conditions

The chromatographic apparatus consisted of a model
ellchrom K-1001 pump, a model Rheodyne 7125 injector and
model K 2600 fluorescence detector connected to a model
urochrom 2000 integrator, all from Knauer (Berlin, Germany).
he separation was performed on Chromolith Performance

RP-18e, 100 mm × 4.6 mm) column from Merck (Darmstadt,
ermany). The excitation and emission wavelengths were set at
40 and 340 nm, respectively.

The mobile phase was a mixture of 0.01 M disodium hydro-
en phosphate buffer–acetonitrile (60:40, v/v) adjusted to pH
.5 at a flow rate of 2 ml min−1. The mobile phase was prepared
aily and degassed by ultrasonication before use. The mobile
hase was not allowed to recirculate during the analysis.

.3. Standard solutions

Stock solutions (8 mg ml−1) of carvedilol and letrozole
10 mg ml−1) were prepared in methanol. Then 10, 50, 100,
00, 400 and 800 ng ml−1 working standards of carvedilol were
repared in plasma from the stock solution and stored at +4 ◦C.

.4. Sample preparation

To 450 �l of plasma in a glass-stoppered 15 ml cen-
rifuge tube were added 50 �l of letrozole as internal standard
10 �g ml−1) and 500 �l of acetonitrile. After mixing (30 s),
he mixture centrifuged for 10 min at 8000 × g. Then 20 �l of
upernatant was injected into liquid chromatograph.

.5. Stability

The stability of carvedilol was assessed for spiked plasma

amples stored at −20 ◦C for 1 month and at ambient temper-
ture for at least 12 h. The stability of stock solutions stored at
20 ◦C was determined for up to 1 month by injecting appro-

riate dilutions of stocks in methanol on day 1, 15 and 30 and
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omparing their peak areas with fresh stock prepared on the
ay of analysis. Samples were considered to be stable, if the
ssay values were within the acceptable limits of accuracy and
recision.

.6. Plasma standard curve

Blank plasma was prepared from heparinized whole-blood
amples collected from healthy volunteers and stored at −20 ◦C.
fter thawing, stock solution of carvedilol was added to yield
nal concentrations of 1, 5, 10, 20, 40 and 80 ng ml−1. Internal
tandard solution was added to each of these samples to yield
final concentration of 1000 ng ml−1. The samples were then

repared for analysis as described above.

.7. Selectivity and specificity

Control human plasma, obtained from 12 healthy volunteers,
as assessed by the procedure as described above and compared
ith respective plasma samples to evaluate selectivity of the
ethod. Sotalol, propranolol and atenolol were also tested for

otential interferences.

.8. Precision and accuracy

The precision and accuracy of the method were examined
y adding known amounts of carvedilol to pool plasma (quality
ontrol samples). For intra-day precision and accuracy five repli-
ate quality control samples at each concentration were assayed
n the same day. The inter-day precision and accuracy were
valuated on three different days.

.9. Limit of quantification (LOQ) and recovery

For the concentration to be accepted as LOQ, the percent
eviation from the nominal concentration (accuracy) and the
elative standard deviation must be ±20% and less than 20%,
espectively, considering at least five times the response com-
ared to the blank response. The relative analytical recovery
or plasma at three different concentrations of carvedilol (5, 30
nd 60 ng ml−1) was determined. Known amounts of carvedilol
ere added to drug-free plasma and the internal standard was

hen added. The relative recovery of carvedilol was calculated by
omparing the peak areas for extracted carvedilol from spiked
lasma and a standard solution of carvedilol in acetonitrile con-
aining internal standard with the same initial concentration (six
amples for each concentration level).

.10. Biological samples

Twelve male healthy volunteers were included in this study.
he study protocol was approved by the Ethics Committee of

haheed Beheshti University of Medical Sciences and written

nformed consent was obtained from the volunteers. Carvedilol
as administered in a single dose of 25 mg to the volunteers

fter over night fasting. Plasma samples were collected at 0.5,
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Table 2
Relative recovery of carvedilol from plasma

Carvedilol spiked
concentration (ng ml−1)

Carvedilol concentration
found (n = 6)

Recovery
(mean ± S.D.)%

5 4.8 96.0 ± 1.9
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tion step is required. Over 600 plasma samples were analyzed by
this method without any significant loss of resolution. No change
in the column efficiency and backpressure was also observed

Table 3
Reproducibility of the analysis of carvedilol in human plasma (n = 5)

Concentration added
(ng ml−1)

Concentration measured (mean ± S.D.)

Intra-day Inter-day

T
A

I
I

ig. 1. Chromatograms of (A) blank plasma; (B) blank plasma spiked with
0 ng ml−1 carvedilol and 1000 ng ml−1 letrozole (internal standard); (C) plasma
ample from a healthy volunteer 2 h after oral administration 25 mg of carvedilol.

, 1.5, 2, 2.5, 3, 4, 5, 7, 10 and 24 h after dosing and then frozen
mmediately at −20 ◦C until assayed.

. Results and discussion

Under the chromatographic conditions described, carvedilol
nd the internal standard peaks were well resolved. Endoge-
ous plasma components did not give any interfering peaks.
ig. 1 shows typical chromatograms of blank plasma in com-
arison to spiked samples analyzed for a pharmacokinetic study.
he average retention times of carvedilol and letrozole were 2.7
nd 4.1 min, respectively. None of the drugs mentioned above
nterfered with analytes peaks as well. The calibration curve for
he determination of carvedilol in plasma was linear over the
ange 1–80 ng ml−1. The linearity of this method was statisti-
ally confirmed. For each calibration curve, the intercept was
ot statistically different from zero. The correlation coefficients

r) for calibration curves were equal to or better than 0.999. The
elative standard deviation (R.S.D.) values of the slope were less
han 4%. For each point of calibration standards, the concentra-
ions were recalculated from the equation of the linear regression

3
6

V

able 1
ssay linearity

Coefficient of the linear regression analysis (r ± S.D.)

ntra-assay (n = 6) 0.9995 ± 6.20 × 10−4 (R.S.D. = 0.0620%)
nter-assay (n = 9) 0.9992 ± 5.20 × 10−4 (R.S.D. = 0.0520%)
0 29.8 99.3 ± 2.1
0 59.3 98.9 ± 2.7

urves (Table 1). The relative analytical recovery for plasma at
hree different concentrations of carvedilol (5–60 ng ml−1) was
etermined. As shown in Table 2. The average recovery was
8.1 ± 2.2% (n = 6). Accordingly, the recovery of letrozole at
oncentration of 1000 ng ml−1 was 100.4 ± 1.6 (n = 5). The limit
f quantification (LOQ), as previously defined, was 1 ng ml−1

or carvedilol. This is sensitive enough for drug monitoring and
ther purposes such as pharmacokinetic studies. We assessed
he precision of the method by repeated analysis of plasma
pecimens containing known concentrations of carvedilol. As
iven in Table 3, coefficients of variation were less than 8%,
hich is acceptable for the routine measurement of carvedilol.
tability was determined for spiked plasma samples under the
onditions as previously described. The results showed that the
amples were stable during the mentioned conditions. The aim
f our study was to develop a rapid and sensitive method for
nalysis of cavedilol in biological samples for pharmacokinetic
urposes and related studies. This method is well suited for rou-
ine application in the clinical laboratory because of the speed
f analysis and simple extraction procedure. Owing to use of the
onolithic column, which has lower separation impedance com-

aring to the particulate packings, much faster separations are
ossible the productivity of chromatographic processes can be
ncreased by at least one order of magnitude as compared to tra-
itional chromatographic columns packed with porous particles.
ccordingly, the chromatographic elution step is undertaken in
short time (less than 5 min) with high resolution. The sample
reparation only involves protein precipitation and no evapora-
5 4.92 ± 0.35 (7.11) 5.03 ± 0.29 (5.76)
0 30.20 ± 1.70 (5.63) 29.70 ± 1.67 (5.62)
0 59.49 ± 1.93 (3.24) 60.22 ± 1.88 (3.12)

alues in parentheses are coefficients of variation (%).

Slope ± S.D. Intercept ± S.D.

0.0381 ± 0.0010 (R.S.D. = 2.62%) 0.0065 ± 0.0004
0.0384 ± 0.0012 (R.S.D. = 3.13%) 0.0067 ± 0.0005
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Fig. 2. Mean plasma concentrations (+S.D.) of carvedilol in healthy volunteers
(n = 12) after 25 mg single oral dose.

Table 4
Pharmacokinetic parameters of carvedilol in healthy volunteers following a
single oral dose of 25 mg of carvedilol

Parameter Result (mean ± S.D.)

Tmax (h) 1.95 ± 0.25
Cmax (ng ml−1) 75.35 ± 4.83
A −1
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[
[

[

UC0–t (ng h ml ) 560.93 ± 44.33

el (h−1) 0.121 ± 0.004

1/2 (h) 5.72 ± 0.23

ver the entire study time, thus proving its suitability. In this

tudy plasma concentrations were determined in 12 healthy vol-
nteers, who received 25 mg of carvedilol each. Fig. 2 shows the
ean plasma concentration–time curve of carvedilol: plasma

oncentration reached a maximum 1.95 ± 0.25 h after dosing

[
[
[
[

Biomedical Analysis 44 (2007) 250–253 253

ith a level of 75.35 ± 4.83 ng ml−1. The derived pharmacoki-
etic parameters of 12 healthy volunteers are summarized in
able 4. These pharmacokinetic parameters are in good agree-
ent with that found previously [16].
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