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Dispersive liquid—liquid microextraction based
on solidification of floating organic droplet
followed by spectrofluorimetry for
determination of carvedilol in human plasma

Background: Simple, chip and rapid analytical methods are required in biomedical analysis laboratories to support
therapeutic drug monitoring units in hospitals. The present work aimed to provide such a method for quantitative
determination of carvedilol in plasma samples. Results: A new, simple, precise and efficient method was developed
for the determination of carvedilol in human plasma using a dispersive liquid—liquid microextraction based on
solidification of floating organic droplet, followed by spectrofluorimetry method. Some important parameters such
as types and volumes of extraction and disperser solvents, pH, salt effect and sample volume were optimized.
Under the optimized experimental conditions, the method provided a linear range of 40 to 300 ng ml"', with a
correlation coefficient of 0.996. The limit of detection, lower limit of quantification and upper limit of quantification
were 18, 40 and 300 ng ml"', respectively. The found recovery was from 98.2 to 102.2%, the mean intra- and
inter-day precisions were 8.3 and 6.4%, respectively. The relative error for accuracy varied from 0.4 to 2.2%. The
short-term temperature and freeze—thaw stability studies showed that carvedilol in human plasma was stable for
sample preparation and analysis after storage. Conclusion: The proposed method provided reasonable acceptable
results and could be used for therapeutic monitoring of carvedilol.

Carvedilol or 1-(9H-carbazol-4-yloxy)-3-[[2-
(2-methoxyphenoxy) ethyl] amino]-2-propanol

(1, is a nonselective B-adrenergic
blocking agent with o, -blocking activity [2],
which also has vasodilating properties that are
mainly attributed to its blocking activity at o
receptors (3]
dative properties [4]. Carvedilol is used for the

and anti-proliferative and antioxi-

treatment of hypertension, angina pectoris and
mild or moderate heart failure of ischemic or
cardiomyopathic origin and can mitigate tar-
dive movement disorders, psychosis, mania and
depression [s],
by athletes for performance enhancement.

and is also sometimes abused

Carvedilol is classified as a prohibited drug
by the World Anti-Doping Agency [6] and the
International Olympic Committee.

The therapeutic concentration of carvedilol
in plasma is in the range of 0.02 to 0.16 pg
(7]. It should be noted that most patients
are taking moderate-to-high doses of carvedilol

m]!

and the plasma concentration of drug will be at
the median (or above) of its therapeutic range.
Carvedilol is rapidly and well absorbed after oral
administration, but is subjected to considerable
first-pass metabolism in the liver; and its absolute

bioavailability is about 25%. Peak plasma con-
centrations occur 1 to 2 h after administration
and it is highly protein bound (>98%) [8.9]. Rela-
tive to other B-blockers, carvedilol has minimal
inverse agonist activity and it provides additional
morbidity and mortality benefits in congestive
heart failure [2].

Different analytical techniques have been
employed for the determination of carvedilol
either in pharmaceutical preparations or in
biological samples. These methods include;
spectrophotometry [10], chemiluminescence [11],
electrochemical [12], GC (13], HPLC [1,14-22] and
capillary electrophoresis [23,24] methods. Also,
study of the fluorescence property of carvedilol
and its tablet formulations by fluorimetry [2s]
was reported. Some of the details of the used
methods for the determination of carvedilol
are given in . Fluorescence spectrometry
is widely used in quantitative analysis because
of its great sensitivity and selectivity as well as
its relatively low cost [26]. For determination
of traces of drugs in plasma, the development
of a simple, rapid, selective and sensitive spec-
trofluorimetric method is highly desirable. In
particular, it is suitable for the determination
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Figure 1. Carvedilol.

of carvedilol because it presents natural fluo-
rescence. Many analytical techniques; includ-
ing spectrofluorimetric methods, cannot be
directly applied to complex matrices due to
the presence of fluorescence interferences in
these matrices. There is another problem in
the spectrofluorimetric determination of drugs
in biological matrices, that is, the significant
analyte—background interactions that may lead
to quenching of the analyte signal by blood or
urine proteins [27]. A plasma sample is the most
complex and commonly analyzed biological
matrix. Proteins (e.g., albumin, a.-acid glyco-
protein and lipoproteins) exist in this matrix at
high concentrations [28]. Therefore, prior to its
analysis, utilization of a technique to remove
these interferences is necessary, especially for
trace analysis of the analytes.

Sample preparation is an important step in
the determination of trace amount of analytes
in complex sample matrices such as plasma and
influences their reliable and accurate analysis.
The aims of sample preparation could be extrac-
tion of the analytes (which results in the isola-
tion of analytes from interferences of matrices)
or preconcentration of analytes from the sample
matrix to improve performance of the analyti-
cal method. It is necessary and important to
clean up the samples with difficult and complex
matrices. Recent progresses in sample prepara-
tion have been focused on miniaturization,
automation, low operation costs and reduction
in solvent consumption and operation time.
Liquid-phase microextraction (LPME) is a sam-
ple preparation procedure that uses minimized
amount of solvents. An innovation in LPME
led to the invention of dispersive liquid-liquid
microextraction (DLLME) by Assadi and cow-
orkers in 2006 [29]. It consisted of two steps:
first, mix appropriate extraction and disperser
solvents and rapidly inject into an aqueous
sample — a dispersion is formed throughout the
aqueous sample and facilitates fast extraction of
analytes from the aqueous sample; and second,
the dispersion is removed by centrifugation and

Table 1. Some previous studies for determination of carvedilol in biological fluids.

Method Sample Sample LOD LoQ Linear range Ref.
preparation (ng ml") (ng ml') (ng ml")
HPLC—fluorimetry Human plasma Protein NR 1.3 1.303-142 (16]
precipitation and
concentration of
the supernatant
by evaporation
HPLC—fluorimetry Human plasma Protein NR 1.0 1-80 (15]
precipitation
procedure
HPLC—fluorimetry Human plasma LLE NR 1.0 1-128 (1]
HPLC—fluorimetry Rat plasma SPE 3.6 NR 0-1000 (17]
HPLC—fluorimetry Human plasma Online sample NR 0.8 1-50 (18]
preparation
HPLC-UV Human serum  LLE 2.5 5.0 5-500 [14]
HPLC-UV Human serum  Stir bar sorptive 0.3 1.0 1-120 (22]
extraction
HPLC ECD Human plasma - NR 0.1 0.1-150 (19]
Key Terms HPLC-MS/MS Human plasma LLE NR 0.1 0.1-200 [20]
Carvedilol: Antihypertensive LC-MS/MS Human plasma SPE NR 0.5 0.5-200 (21
drug from B-blocker groups HILIC-MS/MS Human plasma LLE NR 0.1 0.1-200 (38]
widely used in therapeutics, GC-MS Human urine  LLE 0.3 0.75 0.75-75 (13)
Clean up: Pretreatments on CE-UV Human serum  LLE NR 50.0 50-4000 (24]
samples to eliminate the CE-UV Human urine  SPE 50.0 80.0 50-500 23]
interfere analytes from the ECD: Electrochemical detection; HILIC-MS/MS: Hydrophilic interaction LC with MS/MS, LLE: Liquid-liquid extraction;
matrix . NR: Not reported.
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two-phase separation occurs and the extraction
solvent containing the analytes of interest is
separated and is taken easily with a microsy-
ringe [30]. It is a simple, fast, cheap and efficient
microextraction technique with high enrich-
ment factor and recovery; however, the num-
ber of extraction solvents are limited because of
the need to use solvents with a higher density
than water, which are collected at the bottom
of centrifuge tube. The highly toxic extraction
solvents used are chlorobenzene, chloroform and
carbon tetrachloride.

To overcome these drawbacks, a DLLME
technique based on solidification of floating
organic droplets (DLLME-SFO) was developed
in 2008 by Leong and Huang [31], which uses
low-density and low melting point organic com-
pounds as extraction solvents. This technique
is similar to DLLME with additional cooling
and solidification steps. The solidified floating
phase is easily collected for analysis, which pro-
vides a high precision result to prevent the loss
of analyte. The large contact surface between
the sample and the droplets of extraction sol-
vent in DLLME speeds up the mass transfer phe-
nomenon. The use of extraction solvents with
lower toxicity in this method is environmentally
friendly and there is no need to use conical bot-
tom glass tubes, which are easily damaged and
hard to clean.

In the present work, the DLLME-SFO spec-
trofluorimetric method is developed for the
determination of carvedilol in human plasma
as a quick and easy-to-use method to achieve
the plasma concentrations of carvedilol. The
effects of various experimental parameters, such
as types of extraction and disperser solvents, vol-
umes of extraction and disperser solvents, pH,
salt addition, time, speed of centrifugation and
sample volume on the fluorescence intensity
of carvedilol, and thus its extraction in spiked
human plasma samples, were investigated. The
proposed method was validated according to US
FDA guidelines [32] and then successfully applied
for the analysis of carvedilol in a number of real
plasma samples.

Experimental

m Apparatus

Fluorescence spectra and intensity measure-
ments were performed on a Jasco FP-750
spectrofluorimeter (Tokyo, Japan) equipped
with a 150 W xenon lamp, and using a 10 mm
quartz cell. Excitation and emission slits of
monochromators were both adjusted to 5 nm.

The excitation wavelength was set at 286 nm
and the fluorescence intensity was measured at
344 nm. All measurements were performed at
25°C, controlled using a Peltier thermostat cell

holder from Jasco (Tokyo, Japan).

m Chemicals & solutions

All chemicals used were of high analytical purity
grade. Carvedilol powder was purchased from
Salehan Shimi (Tehran, Iran). 1-undecanol,
1-dodecanol and sodium hydroxide were pur-
chased from Merck (Darmstadt, Germany), ace-
tonitrile (HPLC-grade), acetone (ultra-pure),
methanol (ultra-pure), hydrochloric acid (37%
HCI) and sodium chloride were obtained from
Scharlau (Barcelona, Spain) and tetrahydro-
furan was obtained from Romil SpS (Tehran,
Iran). Deionized water was purchased from
Ghazi Pharmaceutical Company (Tabriz, Iran).
Stock standard solution of carvedilol (1000 pg
ml") was prepared in methanol and the daily
standard working solutions of different con-
centrations were prepared by diluting the stock
solution with methanol. All were stored at 4°C.

m Collection & preparation of plasma
sample

Drug-free plasma samples were obtained from
the Iranian Blood Transfusion Research Center
(Tabriz, Iran) and aliquots were transferred into
polypropylene microtubes and frozen at -4°C
until analysis. Drug-free plasma samples fro-
zen at -4°C were thawed at room temperature
on the day of extraction and were vortexed to
ensure homogeneity. Subsequently, for prepara-
tion of desired concentration (200 ng ml") of
carvedilol in plasma, 14 pl of 10 pg ml"! carve-
dilol standard solution was spiked into 700 pl
drug-free plasma in a polypropylene microtube
and was vortexed for 20 s and kept at room
temperature for 20 min. Then, for precipita-
tion of plasma proteins, acetone was added with
1:1 ratio and vortexed for 20 s. Following this,
it was centrifuged for 10 min at 6000 rpm.
Thus, the plasma proteins were precipitated
and clear supernatant solution was transferred
for use. After precipitation of proteins, 1.0 ml
of clear supernatant solution was transferred in
a 10.0 ml volumetric flask and water and 1.5 ¢
NaCl were added. After dissolving NaCl, the
pH of obtained solution was adjusted to 12.00
by NaOH 1 M. Thus, in this step, 1 ml of
clear supernatant solution after precipitation of
proteins was diluted to 10 ml by water for the
microextraction procedure.
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Figure 2. Optimization of extraction
solvent. Concentration of spiked carvedilol in
plasma: 200 ng ml”; extraction solvent
volume: 100 pl; type and volume of disperser
solvent: 1.0 ml acetonitrile; pH = 12.00; salt
amount: 4.0% w/v NaCl; speed and time of
centrifugation: 6000 rpm for 5 min; sample
volume: 10 ml. &, =286 nm; A= 344 nm;
monochromators slits width: 5 nm;
spectrofluorimeter temperature: 25°C.

DLLME-SFO procedure

In the next step, after diluting 1 ml plasma sam-
ple and preparation of the sample solution, 10.0
ml sample solution was placed in a 10.0 ml glass
test tube. 75.0 pl of 1-undecanol (as an extrac-
tion solvent) and 0.50 ml of acetonitrile (as a
disperser solvent) were mixed and the mixture

Acetonitrile

Methanol Tetrahydrofuran Acetone

Type of disperser solvent

Figure 3. Effect of type of disperser solvent on extraction of carvedilol.

Experimental conditions are the same as in

, and the optimized type of

extraction solvent is 1-undecanol.

was injected rapidly into the aqueous sample
solution by a plastic syringe. A cloudy solution
formed immediately and after centrifugation at
6000 rpm for 5 min, the organic solvent drop
was floated on the surface of the aqueous sam-
ple solution due to its low density. Next, the
glass test tube was cooled in ice for 10 min and,
thus, the floated solvent was solidified due to its
low melting point (13-15°C [33]). The solidified
organic solvent was then easily transferred to a
polypropylene microtube by a medical forceps
and melted quickly at room temperature. Prior
to analyzing by spectrofluorimetry, the extracted
phase was mixed with methanol to 1.0 ml in a
polypropylene microtube.

m Preparation of real plasma samples

Blood samples were collected from patients who
were receiving carvedilol at Madani Hospital.
The patients were informed about the objec-
tives of the project and signed a consent form
approved by the ethical committee of Tabriz
University of Medical Sciences. The blood sam-
ples were transferred to the heparinized tubes
and centrifuged at 6000 rpm for 25 min. The
supernatant was transferred into a microtube
and frozen at -4°C until analysis time.

m Assay validation

Partial validation experiments were carried out
according to FDA recommendations [32]. The
calibration, linearity, LOD, LLOQ, ULOQ
intra- and inter-day precisions, accuracy, recov-
ery, selectivity, stability (room temperature and
freeze—thaw) and robustness were tested. The
mean of three calibration curves (produced on
three different days) was used for the validation
studies.

Results & discussion

m Optimization of spectrofluorimetry
conditions

Effect of system temperature on fluorescence
intensity

In spectrofluorimetry, reduction in fluorescence
intensity with increasing temperature is a com-
mon phenomenon and is attributed to an increase
in the number of collisions between molecules
that have a quenching effect. Effects of various
temperatures in the range of 0 to 40°C on fluo-
rescence intensity of carvedilol after extraction
from plasma samples were investigated. 25°C
was chosen as the optimum temperature for
later experiments because although by increas-
ing the temperature from 0 to 40°C fluorescence
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intensity was slightly decreased, repeatability was
better at 25°C than at lower temperatures, and
also because of the availability of temperature
control options in some instruments.

B Excitation & emission wavelength

The excitation and emission spectra of carve-
dilol were recorded at 25°C and at the excita-
tion/emission slits of 5 nm with the scan rate of
8000 nm min" where the maximum excitation
and emission wavelengths of carvedilol were at
286 and 344 nm, respectively.

m Optimization of DLLME-SFO conditions

In order to obtain the most effective extraction
and the optimum DLLME-SFO condition
for the determination of carvedilol in human
plasma, it is important to investigate the param-
eters affecting extraction, including the type
and volume of extraction and disperser solvents,
pH, salt addition and sample volume. For this
purpose, while one parameter is changed all the
other parameters are kept constant. The relative
fluorescence intensity was used to evaluate the
influence of the parameters under investigation
on the extraction rate of carvedilol using the

proposed DLLME-SFO method.

m Selection of extraction solvent

The selection of an appropriate extraction sol-
vent is important in the DLLME-SFO pro-
cedure. It must have low toxicity, lower den-
sity than that of water, low aqueous solubility
while being soluble in disperser solvents and
high boiling point (low vapor pressure) in order
to reduce solvent losses during extraction. In
addition, it should have a melting point near
or below room temperature (in the range of
10 to 30°C). Accordingly, in order to select
the best extraction solvent to attain optimized
DLLME-SFO method, 1-undecanol and
1-dodecanol were selected from available sol-
vents. By using of 100 pl of these solvents and
1.0 ml of acetonitrile (as disperser solvent), the
effect of extraction solvent was investigated on
extraction of carvedilol . There was
no significant difference between extraction
power of the solvents; however, 1-undecanol
was solidified faster and collected easily, there-
fore it was selected as the extraction solvent for
further experiments.

m Selection of disperser solvent

25

20
15
10
5
0

60.0 75.0 100.0 120.0
Volume of extraction solvent (pl)

Fluorescence intensity

Figure 4. Effect of the extraction solvent volume on the extraction of

carvedilol. Experimental conditions are the same as in , and the
optimized disperser solvent is acetonitrile.
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Figure 5. Effect of the disperser solvent volume on the extraction of
carvedilol. Experimental conditions are the same as in , and the
optimized volume of extraction solvent is 75.0 pl.
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Figure 6. Effect of the sample solution pH on the extraction of
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Dissolution ofdisperser in both extraction sol- carvedilol. Experimental conditions are the same as in , and the
L optimized volume of disperser solvent is 0.5 ml.
vent and aqueous sample solution is the most
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120+

100

Fluorescence intensity

important point in the choice of disperser sol-
vent. The disperser solvent helps to produce very
fine droplets of extraction solvent and disperse
them throughout the aqueous sample solution,
and in this way infinitely increases the contact
surface with the aqueous sample solution. Ace-
tonitrile, methanol, tetrahydrofuran (THF) and
acetone were tested in this work. Extraction of
carvedilol was carried out by using of 1 ml of
each solvent with 100 pl 1-undecanol (as extrac-
tion solvent) The results are shown in ,
and according to the results acetonitrile was
selected as the disperser solvent.

m Selection of extraction solvent volume

To investigate the effect of extraction solvent
volume on the fluorescence signals of extracted
carvedilol, micro drop volumes were investi-
gated in the range of 45.0 to 120.0 pl, and other
experimental conditions were kept unchanged.
The fluorescence intensity of carvedilol increased
with increasing volume of 1-undecanol from
45.0 to 75.0 pl and afterwards almost reduced
and remained constant . An increase
in the micro drop volume raises the interfacial
area following the analytical signals. But further
increases in the micro drop volume lead to the
analytical signals almost remaining constant.
With most increases of the extraction solvent
volume, the total mass of the analyte in the
extraction solvent is constant, and also, due to
diluting of the extraction solvent to constant
volume in the analysis step, therefore the signals
were constant. Hence, the 75.0 pl was chosen as

80
60—
40+
ol I
0 T T T T T
0 4 6 10 15 20

% NaCl (w/v)

Figure 7. Effect of salt addition on the extraction of carvedilol.

Experimental conditions are the same as in

sample solution is 12.

, and the optimized pH of

the optimum extraction solvent volume for later
experiments. It should be noted that with lower
volumes of extraction solvent, micro drops on
the surface of aqueous sample solution were not
formed and, thus, the method was not applicable.

m Selection of disperser solvent volume

The disperser solvent expands the interfacial area
of the extraction solvent with the aqueous sam-
ple solution infinitely, which increases extraction
rate. Therefore, the volume of disperser solvent is
one factor that should be optimized. In lower vol-
umes, the formation possibility of fine droplets of
extraction solvent and the resulting cloudy state
does not exist well and, thus, extraction efficiency
is reduced. On the other hand, at higher volumes
of disperser solvent, the solubility of analytes in
aqueous sample solutions is increased because the
solubility of disperser solvent in aqueous phase
is often more than in the organic phase and
this reduces the polarity of the aqueous phase
and, thus, analyte distribution comes down to
the extraction solvent and extraction efficiency
is reduced. To investigate the effect of disperser
solvent volume on extraction of carvedilol, vari-
ous volumes of acetonitrile (0.50, 0.75, 1.00 and
1.50 ml) with 75.0 pl 1-undecanol (as extraction
solvent) were assayed. By careful examination of
the results shown in ,0.50 ml acetonitrile
(as disperser solvent) was chosen as the optimum
volume for further studies.

m Optimization of pH of aqueous sample
solution

Effect of pH on the extraction of carvedilol was
investigated in the range of 2.00 to 13.00 using
hydrochloric acid 1 M and sodium hydroxide 1
, at pH
12.00, fluorescence intensity has reached the

M solutions. As can be seen in

maximum value. Therefore pH 12.00 was chosen
as the optimum pH for later studies. Concerning
the pKa of carvedilol (pKa = 7.97) 34], it is not
ionized at pH 8-12 and extraction should not be
pH dependent. The observed variations could be
justified by addition of NaOH and consequent
increases in the ionic strength of the solution,
which is also confirmed by the findings in the
next section. This is also confirmed by logD value
(2.49) of carvedilol [101].

m Effect of salt addition

The effect of salt addition on the extraction of
carvedilol in the range of 0 t0 20.0% w/v of NaCl
from spiked plasma samples was investigated, and
the other parameters were kept unchanged. As
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can be seen in , with increasing NaCl
concentration from 0 to 15.0% w/v, fluorescence
intensity and, thus, extraction of carvedilol was
increased. A possible reason for this observation
is that water molecules form hydration spheres
around the salt ions result in a reduction in the
concentration of water available to dissolve ana-
lyte molecules, and thus this would drive addi-
tional analytes into the extraction solvent [3s]. In
other words, increasing the ionic strength of the
aqueous sample solution reduces the solubility of
the analyte and extraction solvent in an aqueous
sample solution. Also, at higher NaCl concentra-
tions, and especially in 15.0% w/v, micro drop
formation was very good and solidified micro
drops were easily collected. Based on these resuls,
15.0% w/v of NaCl was chosen for later studies.

m Effect of sample volume
The effect of sample volume on microextraction
procedure, taking into account constant dilu-
tion for all plasma samples, was studied. 1 ml
of plasma after spiking and protein precipita-
tion was used in all studied volumes. Volumes
of sample solutions were changed from 2.5 to
10.0 ml in glass test tubes. Results are shown in
in which the highest analytical response
was achieved at the sample volume of 10.0 ml.
Therefore, 10.0 ml was chosen as the optimum
sample volume. Effects of speed and time of cen-
trifugation on the analytical signals were investi-
gated (data not shown here) and 6000 rpm and
5 min were chosen for further studies.

m Calibration curve & linearity

After optimization of all parameters, the calibra-
tion curve was plotted on three different days
at seven increasing levels and the mean of three
curves was used for validation studies. It can
be seen that there is a good linear relationship
between the fluorescence intensity and the con-
centration of carvedilol in the range of 0.040 to

120

100

Fluorescence intensity
n D
= g e & &

25 5.0 75 10.0
Sample volume (ml)

Figure 8. Effect of the sample volume on
the extraction of carvedilol. Experimental
conditions are the same as in , the
optimized salt amount is 15.0% w/v and
speed and time of centrifuging is 6000 rpm
and 5 min, respectively.

0.300 pg ml'. Typical equation for mean cali-
bration curve was: y = 0.397x + 7.131, and the
correlation coefficients were >0.996 for all three
calibrations. The LOD for the method in human
Lop = 38,/m (S

standard derivation of blank, m: slope of cali-

plasma were obtained based on C

bration curve). The details of mean calibration
curve and amounts of LOD, LLOQ and ULOQ
are shown in . Comparing these findings
with those listed in
vious methods provided better validation data.

reveals that the pre-

However, the main advantage of the proposed
method is its simplicity and low cost, which
makes it a suitable analytical method for routine
applications in biomedical analysis laboratories.

m Precision & accuracy

The precision of an analytical method describes
the closeness of individual measures of an analyte
when the procedure is applied repeatedly to mul-
tiple aliquots of a single homogeneous volume

Table 2. Validation data of the proposed method for quantification of carvedilol in

human plasma.

Parameters

Linear range (ug ml)

Slope (standard error of mean)
Intercept (standard error of mean)

Level

0.040-0.300
0.397 (0.016)
7.131 (2.800)

Correlation coefficient 0.996

Number of data points 7

LOD (ng ml) 18

LLOQ (ng ml™) 40

ULOQ (ng ml") 300
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Key Term

Biological fluids: Liquids
originating from inside the
bodies of living people. They
include fluids that are excreted
or secreted from the body.

Table 3. Assay precision and accuracy of QC samples if assuming the optimal

extraction and analysis conditions.

Intra-assay precision Inter-assay precision Accuracy

(RSD%; n = 5) (RE%)
6.9 -0.7
9.9 2.5
2.1 1.4

Nominal concentration

(ng ml'; n=5) (RSD%; n = 5)
50 8.7

150 7.7

250 8.5

RE: Relative error.

of biological matrix. The accuracy of an ana-
lytical method describes the closeness of mean
test results obtained by the method to the true
value (concentration) of the analyte. Accuracy is
determined by replicate analyses of samples con-
taining known amounts of the analyte. Precision
and accuracy should be measured using a mini-
mum of five determinations per concentration.
The precision and accuracy determined at each
concentration level should not exceed 15% of
the relative standard deviation (RSD %), except
for the LLOQ where it should not exceed 20%
of the RSD [32]. Accuracy and precision of the
assay should be determined for both intra- and
inter-runs. They are determined by analyzing
quality control (QC) samples at a minimum of
three concentrations (low, mid and high), repre-
senting the entire range of the calibration curve
(36]. Inter- and intra-assay precisions along with
accuracy for QC samples are listed in .
All RSD% were below 10% for spiked plasma
samples. The results obtained for these validation
experiments showed that the developed method
is both accurate and precise.

m Recovery

Plasma samples were spiked with three QC con-

centration levels (low, mid and high) of carve-

dilol. Protein precipitation and DLLME-SFO

procedures were carried out, and the mean recov-

eries for carvedilol obtained and summarized in
. The mean recovery for carvedilol was

100.3%.

m Stability
Drug stability in a biological fluid is a function
of the storage conditions, the chemical properties
of the drug, the matrix and the container sys-
tem [32]. The stability results are summarized in
where the highest deviation was obtained
for 50 ng ml"! of carvedilol at room temperature
(relative error % = 14.7%), which is acceptable
(<20%) for biological samples according to FDA

recommendations [32].

m Robustness

Robustness evaluates the ability of an analyti-
cal method against small changes in practical
effective parameters that may be increased or

Table 4. Recoveries for extraction and analysis of carvedilol in spiked plasma

samples with DLLME-SFO-spectrofluorimetry.

Nominal concentration

Found concentration

Recovery (%)

(ng ml; n=5) (ng ml'; +6; n=5)

50 50 (+4) 99.3
150 154 (+15) 102.5
250 254 (£5) 101.4

Table 5. Stability data for carvedilol in human plasma samples.

Nominal Room temperature stability Freeze-thaw stability
conce?1t-rat|_o; Mean (x0) Accuracy Recovery Mean (+0) Accuracy Recovery
(ngml™;n=3) found (RE%) (%) found (RE%) (%)
concentration concentration
(ng ml) (ng ml")
50 57 (£10) 14.7 114.7 55 (£20) 9.4 109.4
150 166 (+£5) 10.9 110.9 149 (£23) -0.9 99.1
250 281 (x£15) 12.5 112.5 275 (£3) 10.1 110.1
RE: Relative error.
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Table 6. Results of the evaluation of method robustness in three different levels.

Level Nominal Mean found Accuracy (RE%) Recovery (%)
concentration concentration
(ng ml'; n=3) (ng ml'; n=3)

1 150 140 -6.4 93.6

2 150 140 -6.9 93.1

3 150 146 -3.0 97.3

1: pH = 12.20, 15.5% (w/v) NaCl, speed and time of centrifugation: 7000 rpom for 6 min.

2: pH = 11.80, 14.5% (w/v) NaCl, speed and time of centrifugation: 5000 rpm for 4 min.

3:pH =12.00, 15.0% (w/v) NaCl, speed and time of centrifugation: 6000 rpm for 5 min.

RE: Relative error.

decreased during the operations. The results are
shown in . The results showed negligible
differences in the obtained data and demon-
strated that the developed method is a robust
method.

m Selectivity

The selectivity of the developed method was
evaluated using some other co-administered
cardiovascular drugs under the optimum con-
ditions, and the changes in fluorescence inten-
sity (AF%) were calculated. Results are shown
in in which most coexisting drugs show
no interference.

m Application to real samples

In order to evaluate the feasibility and applica-
bility of the developed method in the analysis
of real plasma samples for the determination of
carvedilol, 22 different plasma samples from
patients were analyzed by the proposed method
and the results, along with some details of the
patients, are summarized in . It should be
added that the reported concentrations are total
concentration of carvedilol since the drugs are
released in the process of protein precipitation
by organic solvents [37].

Conclusion

A new combined methodology of DLLME-SFO
and spectrofluorimetric determination was
applied to the extraction and analysis of carve-
dilol in human plasma samples. In this study
using low-density and low-melting-point organic
solvent (I-undecanol) as the extraction solvent
meant that the extraction micro drop could be
easily collected by solidifying, which facilitated
the phase transferring. Also, the use of low-tox-
icity extraction solvent instead of solvents with
high toxicity in DLLME is environmentally
friendly. The proposed DLLME-SFO method
has an excellent clean-up effect and is able to
eliminate the plasma matrix effect. In other
words, this microextraction method is one of

the most appropriate methods for eliminating
the effects of complex matrices, such as plasma,
while it is also very low cost, easy and fast. The
DLLME-SFO-spectrofluorimetric method per-
mits the fast, accurate and reliable determination
of carvedilol in human plasma with low opera-
tion cost and simplicity of instrumentation. It is
obvious that in drug bioequivalence studies in
which the volunteer were given a single dose of a
drug and the changes in drug concentrations is
plotted versus time, the proposed method is not
suitable for low concentrations. The developed
method has good precision, selectivity, stability
and robustness and can be applied successfully as

Table 7. Evaluation of effect of other

drugs on extraction of carvedilol

(50 ng ml").
Drug Concentration AF%
of interfering
drug (pg ml")

Aspirin 50 -0.1
Atorvastatin 50 -13.4
Atorvastatin 5 -9.5
Captopril 50 -2.8
Clopidrogel 50 -13.0
Clopidrogel 5 0.6
Digoxin 50 1.7
Enalapril 50 9.8
Furosemide 50 -2.1
Hydrochlorothiyazide 50 4.0
Losartan 25 -0.5
Lovastatin 50 -4.5
Nitroglycerin 50 -15.8
Nitroglycerin 5 -6.2
Omeprazole 50 -19.2
Omeprazole 5 3.6
Oxazepam 50 -1.1
Pantoprazole 50 -1
Spironolactone 50 4.4
Valsartan 50 -1.7
Warfarin 50 -27.9
Warfarin 5 2.4
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Table 8. Some details of the real samples analyzed by the proposed method and their carvedilol concentration.

No. Gender Age Carvedilol daily Duration of Co-administered drugs Intake  Sampling Concentration
dosage (mg) dairy intake time time (ng ml)
1 Male 45  6.25b.i.d. 3 months Atorvastatin, lozartan, digoxin, 8 am 2 pm 155
clopidogrel and aspirin
2 Female 62  25b.id. 2 months Clopidogrel, aspirin, folic acid, 9:30am  11:30am 164

oxazepam, furosemide and
atorvastatin

3 Female 68 6.25b.i.d. 3 years Captopril, alprazolam and 11 am 11:10am 44
furosemide
4 Female 65 3.125 5 months Omeprazole, spironolactone, 10:30am 11:30am 96

clopidogrel, atorvastatin, captopril
and nitroglycerin

5 Female 60 6.25b.i.d. 1 month Valsartan 7 am 11 am 78

6 Male 54  6.25b.i.d. 3 months Clopidogrel, lozartan, aspirinand 10 am 2:30am 95
digoxin

7 Male 73 12.5b.i.d. 4 days Spironolactone, digoxin, lozartan, 9 am 11 am 156
aspirin and furosemide

8 Female 87 3.125b.id. 1 year Aspirin, furosemide, enalapriland 9 am 11 am 149
amlodipine

9 Male 73  3.125b.id. 3 months Omeprazole, spironolactone, 9 am 10 am 216
aspirin, furosemide, digoxin and after 2
captopril days

10 Male 71 12.5 b.i.d. 1 month Omeprazole, furosemide, 9 am 2:15 pm 223

clopidogrel, oxazepam,
atorvastatin, captopril and
nitroglycerin

11 Female 82 6.25b.i.d. 1 week Omeprazole, furosemide, 10 am 2 pm after 66
clopidogrel, oxazepam, 1 day
atorvastatin, captopril, nitroglycerin
and aspirin

12 Male 65 6.25b.i.d. 4 days Omeprazole, furosemide, aspirin, 8 am 5 pm 48

spironolactone, atorvastatin,
vaptopril, nitroglycerin and lozartan
13 Male 67 6.25b.i.d. 4 days Pantoprazole, aspirin, atorvastatin, 9 am 9 am 150
captopril, phenazopyridine,
omeprazole and clopidogrel

14 Female 63 6.25b.i.d. 8 days Omeprazol, lozartan and 9 am 4:30pm 56
lovastatine

15 Male 59 6.25b.id. 4 years Aspirin, captopril, nitroglycerin and  8:30 am  11:10 am 89
spironolacton

16 Male 49  3.125b.i.d. 6 years Furosemide, digoxin, aspirin and 8am 3:45pm 40
triamtern H

17 Female 68 3.125b.i.d. 20 days Furosemide, aspirin and 8 am 5pm 17
nitroglycerin

18  Male 64  6.25b.i.d. Many years Aspirin, atorvastatin and captopril 8 am 6 pm 92

19  Male 85 6.25b.i.d. Many months Lozartan, aspirin, digoxin and 7 am 10:30am 69
hydrochlorothiazide

20 Female 49  3.125b.i.d. 13 days Furosemide, spironolactone, 8 am 12 am 189

glibenclamide metformin,
atorvastatine, enalapril, clopidogrel
amd omeprazole

21 Male 23 6.25b.id. 2 years Digoxin, warfarin, atorvastatin, 8 am 10:30am 57
captopril and furosemide
22 Male 56  6.25b.i.d. 2 years Furosemide, aspirin, atrovastatin 7:30am  11:30am 91

and nitroglycerin

b.i.d.: Twice-daily dosing.
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a routine analytical method in therapeutic drug
monitoring.

Future perspective

The use of the DLLME-SFO-spectrofluor-
imetry technique for the analysis of drugs in
different biological samples and in bioanalyti-
cal laboratories will provide quick analysis of
trace amounts of drugs in these matrices with-
out needing expensive equipment and toxic
solvents.
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Take the solidified extracted phase from the top
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A dispersive liquid—liquid microextraction based on solidification of floating organic droplet spectrofluorimetry method was developed
for the extraction and determination of carvedilol in human plasma samples. The effect of various parameters was investigated for the

Add 15.0% (w/v) NaCl, adjust pH to 12.00 and dilute with water up to 10 ml in a volumetric flask.
Add dispersive solvent and extraction solvent to the above solution in a glass test tube and centrifugate it.

of the tube after cooling and then melt it.

Mix with methanol up to 1 ml in a microtube and transfer to spectrofluorimetry system.

US FDA guidelines were used for validation of the developed method.
This developed method is applicable to the analysis of carvedilol in plasma samples.
The DLLME-SFO method is applicable to other biological samples.

The developed method was applied to the analysis of some real plasma samples obtained from various cardiac patients.

References

1

Rathod R, Prasad LPC, Rani S, Nivsarkar M,
Padh H. Estimation of carvedilol in human

plasma by using HPLC—fluorescence detector
and its application to pharmacokinetic study.

J. Chromatog. B 857, 219-223 (2007).

additional properties. Handb. Exp. Pharmacol.
93(1), 131-226 (1990).

Nolte K, Backfisch G, Neidlein R. /7 vitro
absorption studies with carvedilol using a new
model with porcine intestine called
BM-RIMO (Boehringer-Mannheim Ring
model). Arzneimittel-Forschung/Drug Res. 49,

serum/plasma concentrations of common
drugs. J. Clin. Monit. Comput. 15, 529-544
(1999).

Morgan T. Clinical pharmacokinetics and
pharmacodynamics of carvedilol. Clin.

Pharmacokinet. 26, 335-346 (1994).
Strein K, Sponer G, Muller-Beckmann B,

2 Packer M, Fowler MB, Roecker EB ez al.
' ’ 745749 (1999). ‘
Effect of carvedilol on the morbidity of ) ( ) ) Bartscb W. Pharmacologlc.al profile o.f
patients with severe chronic heart failure: Frishman WH. Carvedilol. New Engl. ]. Med. carvedilol, a compound with B-blocking and
results of the carvedilol prospective 339, 1759-1765 (1998). vasodilating properties. /. Cardiovas.
randomized cumulative survival The World Anti-Doping Agency, The World Pharmacol. 10, $33-541 (1987).
(COPERNICUS) study. Circulation 106, Anti-Doping Code, The 2004 Prohibited list, Sreevidya TV, Narayana B. Simple and facile
2194-2199 (2002). International Standard. (2004). methods for the determination of carvedilol
3 Sponer G, Bartsch W, Hooper RG. Drugs Regenthal R, Krueger M, Koeppel C, in pharmaceuticals. Indian J. Chem.
acting on multiple receptors: B-blockers with Preiss R. Drug levels: therapeutic and toxic Technol.16, 74-789 (2009).
fsg www.future-science.com 447

future science group



RESEARCH ARTICLE I Zamani-Kalgjahi, Fazeli-Bakhtiyari, Amiri et al.

11 Pires CK, Marques KL, Santos JLM, 21 Gomes NA, Vaidya V'V, Pudage AM, Joshi 30 Zgota-GrzeS$kowiak Agnieszka A,

Lapa RAS, Lima JLFC, Zagatto EAG. SS, Parekh SA, Tamhankar AV. Application Grze$kowiak T. Dispersive liquid-liquid
Chemiluminometric determination of of a sensitive, rapid and validated LC-MS- microextraction. Trends Anal. Chem. 30,
carvedilol in a multi-pumping flow system. MS method for the determination of 1382-1399 (2011).

Talanta 68, 239-244 (2005). carvedilol in human plasma. Chromatographia 3, Leong MI, Huang SD. Dispersive

12 Dogan B, Ozkan SA. Electrochemical 69, 19-25 (2009). liquid-liquid microextraction method based
behavior of carvedilol and its adsorptive 22 Talebpour Z, Taraji M, Adib N. Stir bar on solidification of floating organic drop
stripping determination in dosage forms and sorptive extraction and high performance combined with gas chromatography with
biological fluids. Electroanalysis 17, liquid chromatographic determination of electron-capture or mass spectrometry
2074-2083 (2005). carvedilol in human serum using two detection. J. Chromatogr. A 1211, 8-12

13 Myung SW, Jo CH. Gas chromatograph— different polymeric phases and an ionic liquid (2008).
mass spectrometric method for the as desorption solvent. /. Chromatogr. 41236, 32 US Department of Health and Human
determination of carvedilol and its 1-6 (2012). Services, FDA, Center for Drug Evaluation
metabolites in human urine. /. Chromatog. B 23 Mazzarino M, De La Torre X, Mazzei F, and Research, Center for Veterinary
822,70-77 (2005). Botre F. Rapid screening of beta-adrenergic Medicine. Guidance for Industry Bioanalytical

14 Gannu R, Yamsani VV, Rao YM. New RP- agents and related compounds in human Method Validation. (2001).

HPLC method with UV-detection for the urine for antijdo;.)ing purpolse usin.g capillary 33 Ganjali MR, Sobhi HR, Farahani H,
determination of carvedilol in human serum. ele‘ctrophoresm with dynamic coating. /. Sep. Norouzi P, Dinarvand R, Kashtiaray A. Solid
J. Liq. Chromatogr. Rel. Technol. 30, Sci. 32, 3562-3570 (2009). drop based liquid-phase microextraction.
1677-1685 (2007). 24 Clohs L, McErlane KM. Development of a J. Chromatogr. A 1217, 2337-2341 (2010).

15 Zarghi A, Foroutan SM, Shafaati A, capillar.y el(.ectrophoresis‘assay for Fhe ) 34 Stojanovic J, Vladimirov S, Marinkovic V,
Khoddam A. Quantification of carvedilol in determlnfatlon ofcarvec'hlol enantlomcr§ n Velickovic D, Sibinovic P. Monitoring of the
human plasma by liquid chromatography serum using cyclodextrins. /. Pharm. Biomed. photochemical stability of carvedilol and its
using fluorescence detection: application in Anal. 24, 545-554 (2001). degradation products by the RP-HPLC
pharmacokinetic studies. /. Pharm. Biomed. 25 Xu LX, Hui N, Ma LY, Wang HY. Study on method. /. Serb. Chem. Soc. 72, 37-44
Anal. 44, 250-253 (2007). fluorescence property of carvedilol and (2007).

property

16  Ptd¢ek P, Macek J, Klima J. Liquid determin:ittion of carvedilol by fluorimetry. 35 Gongalves C, Alpendurada MF. Multiresidue
chromatographic determination of carvedilol Spectrochim. Acta A 61, 855-859 (2005). method for the simultaneous determination of
in human plasma. /. Chromatogr. B 789, 26 Madrakian T, Afkhami A, Mohammadnejad four groups of pesticides in ground and
405-410 (2003). M. Simultaneous spectrofluorimetric drinking waters, using solid-phase

17 Hokama N, Hobara N, Kameya H, Ohshiro determination of levodopa and propranolol in microextraction—gas chromatography with
S, Sakanashi M. Rapid and simple micro- urine using feed-forward neural networks electron-capture and thermionic specific
determination of carvedilol in rat plasma by assisted by principal component analysis. detection. J. Chromatogr. A 968, 177-190
high-performance liquid chromatography. Talanta 78, 1051-1055 (2009). (2002).

J. Chromarogr. B732, 233-238 (1999). 27 Silva LC, Trevisan MG, Poppi R], Sena MM. 36  Surenda Bansal AD. Key elements of

18 Lamprecht G, Stoschitzky K. Determination Direct determination of propranolol in urine bioanalytical method validation for small
of carvedilol in human plasma by high- by spectrofluorimetry with the aid of second molecules. AAPS J. 9, art No. 11 (2007).
performance liquid chromatography applying order advantage. Anal. Chim. Acta 595, 37 Hermann M. HPLC Methods for Clinical
on-line deproteination and column switching. 282-288 (2007). Pharmaceutical Analysis. A User’s Guide.
Chromatographia 59, 551-554 (2004). 28 Milanovel C, Hutta M. Influence of various Wiley-VCH, Weinheim, Germany (2012).

grap Y y

19  MacHida M, Watanabe M, Takechi S, bi(.)logic.al matrices (plasma, bl°°d. 38 Jeong DW, Kim YH, Ji HY, Youn YS, Lee
Kakinoki S, Nomura A. Measurement of mlcrodlalysat'e) on chroma?ogr'aphlc KC, Lee HS. Analysis of carvedilol in human
carvedilol in plasma by high-performance performance mn the determlhnatl.ofl of plasma using hydrophilic interaction liquid
liquid chromatography with electrochemical B-blockers using an alkyl-diol silica chromatography with tandem mass
detection. J. Chromatogr. B798, 187-191 precolumn for sample clean-up. spectrometry. J. Pharm. Biomed. Anal. 44,
(2003). J. Chromatogr. B 765, 167-177 (2001). 547-552 (2007).

20 Do Carmo Borges NC, Mendes GD, De 29 Rezaee M, Assadi Y, Milani Hosseini MR,

Oliveira Silva D, Rezende V, Barrientos- Aghaec E, Ahma;ii F, Berijani S. d m Website
i : ; : Determination of organic compounds in
Astigarraga RE, De Nucci G. Quantification o di '8 Hewid l? 'd 101 ACD/labs 6.00 Advanced Chemistry
of carvedilol in human plasma by high- water using dispersive Liquid—liqul |
P i traction. /. Chromatogr. A 1116, 1-9 Development, Inc.
performance liquid chromatography coupled microex ¢4 > dlab /h
(2006). www.acdlabs.com/home
to electrospray tandem mass spectrometry:
application to bioequivalence study.
J. Chromatogr. B 822, 253-262 (2005).
448 Bioanalysis (2013) 5(4) future science group



