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ABSTRACT

A simple and sensitive liquid chromatography—tandem mass
spectrometry method was developed and validated for estimation
of Labetalol in human plasma, an adrenergic B-receptor blocking
agent used in the treatment of hypertension, which exhibits both
a- and [-adrenoreceptor blocking activity. The analyte and
internal standard (Metoprolol) were extracted by liquid/liquid
extraction with ethyl acetate. The chromatographic separation
was performed on reverse phase Phenomenax Luna column (C18,
S5um, 100 x 4.6 mm) with a mobile phase of 2 mM ammonium
formate (pH 5.0) / methanol (20:80 v/v), which was pumped at a
flow rate of 0.5 mL / min with split ratio of 20:80. The protonated
analyte was quantitated in positive ionization by multiple
reactions monitoring with a mass spectrometer. The mass
transitions m/z 329.01->161.95 and 267.99->115.86 were used to
measure Labetalol and Metoprolol, respectively. The lower limit
of quantitation was 3.1800 ng/mL with a relative standard
deviation of less than 15%. Acceptable precision and accuracy
were obtained for concentrations over the calibration curve
ranges (3.1800 to 700.8760 ng/ml). Sample analysis time of 2.5
min for each sample made it possible to analyze a throughput of
more than 400 human plasma samples per day.
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INTRODUCTION: Labetalol hydrochloride, 2-
hydroxy- 5- [1- hydroxy- 2- (1- methyl - 3 phenyl
propylamino) ethyl] benzamide hydrochloride, is
an adrenergic B-receptor blocking agent used in
the treatment of hypertension, which exhibits
both a- and B-adrenoceptor blocking activity L2
and because of its use as doping agent in sports,
this drug has been added to the list of forbidden
substances issued by the International Olympic
Committee. Therefore, the development of an
analytical method sensitive and selective enough
for determining Labetalol in both pharmaceutical
and biological samples is of great importance.

Several analytical methods have been
developed to determine the concentrations of
Labetalol in biological fluids and pharmaceutical
preparations based on spectrophotometry 8
spectro-fluorometry ® °, potentiometry '°, thin-
layer chromatography (TLC) ** %, high
performance liquid chromatography (HPLC) with
UV © and electrochemical detection (ED) **, gas
chromatography (GC) * and micellar liquid
chromatography '°. Although these methods have
been successfully employed, they require long and
tedious steps for the sample pretreatment.

In many cases, highly specific mass
spectrometric detection, especially using tandem
mass spectrometry (MS—MS) just requires
minimum separation on column. This will greatly
shorten the assay time and make it possible to
analyze large quantities of samples within a tight
time frame. To date no LC—MS/MS method has
been reported for quantitation of Labetalol in
human plasma. In contrast, we report an LC-
MS/MS method with an excellent sensitivity for
20pL injection volume corresponding to 3.1800
ng/mL on-column with a total run time of 2.5 min.
This paper describes the development and
validation of a highly sensitive LC-MS/MS method
for the quantitation of Labetalol in human plasma.
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Experimental design:

MATERIALS AND METHODS: Labetalol reference
standards (LGC Promochem India Pvt. Ltd.,
Mumbai), Metoprolol Succinate USP (Internal
Standard - Torrent Research Center, Ahmadabad).
Drug free plasma containing K3EDTA as an
anticoagulant from Micro therapeutic research
labs Pvt Ltd, Chennai. Ortho-phosphoic acid 88%
(GR Grade), Methanol (HPLC Grade), Ammonium
formate (GR Grade) and Disodium hydrogen
phosphate (AR grade) were purchased from Merck
(India). A Milli-Q system (Millipore, Bedford, MA,
USA) was used. Chemical structures are presented
in Fig. 1.
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FIG. 1: CHEMICAL STRUCTURES OF (A) LABETALOL, (B)
METOPROLOL (IS)

Chromatography: The system (Waters, Milford,
USA) was equipped with an Acquity SM sample
manager, Acquity BSM binary solvent manager
and thermostated column compartment. The
chromatography was  performed on a
Phenomenax Luna column (C18, 5um, 100 x 4.6
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mm) at a temperature of 40°C. The isocratic
mobile phase composition was a mixture of 2 mM
ammonium formate (pH 5.0) / methanol (20:80
v/v), which was pumped at a flow rate of 0.5 mL/
min with split ratio of 20:80 (in: out).

Mass  spectrometric  detection was
performed on a Quattro Micromass quadrapole
instrument (Waters, Milford, USA) using multiple
reaction monitoring (MRM). A turbo electrospray
interface in positive ionization mode was used.
The main working parameters of the mass
spectrometer are summarized in Table 1. Data
processing was performed by using Mass lynx 4.1
software.

TABLE 1: MAIN WORKING PARAMETERS FOR TANDEM
MASS SPECTROMETRY

Capillary (kV) 4.00
Cone (V) 30
Extractor (V) 4
RF Lens (V) 0
Source temperature, °C 110
Desolvation temperature, °C 360
Dwell time per transition, ms 200
Cone gas flow, (L / Hr) 30
Desolvation gas flow, (L / Hr) 850
LM 1 Resolution 14
HM 1 Resolution 14
lon energy 1 0.1
Entrance 1.0
Collision 23
Exit 0
LM 2 Resolution 14
HM 2 Resolution 14
lon energy 2 1.0

Mode of analysis Positive
329.01>161.95 m/z
267.99>115.86 m/z

lon transition for Labetalol

lon transition for Metoprolol

Sample processing: A 250 uL volume of plasma
was transferred to a 4 mL ria vial, and then 50 pL
of IS working solution (2 pg/mL) was spiked. After
vortexing for 30 sec, add 100 uL of 0.025 M
disodium hydrogen phosphate solution in ria vial.

ISSN:0975-8232

Then 2.5-mL aliquot of the extraction solvent ethyl
acetate was added using handistep (Brand
Eppendorf, Germany). The sample was vortex-
mixed for 10 min using a Multi-Pulse Vortexer
(Heidolph, Germany). The sample was then
Centrifuge at rcf 1891 + 100 for 5 min at 10°C
using Multifuge 3S-R (Kendro Lab, heraeus,
Germany) . The organic layer (2.0 mL) was
guantitatively transferred to a 4 mL glass tube and
evaporated to dryness at 40°C under a stream of
nitrogen. Then, the dried extract was
reconstituted in 250 uL of Mobile phase and a 20-
uL aliguot was injected into the chromatographic
system.

Bioanalytical Method Validation:

Calibration and Quality control samples: Standard
stock solution of Labetalol (1 mg/mL) was
prepared in methanol and Metoprolol (1 mg/mL),
internal standard was separately prepared in
methanol. Spiking solutions for calibrations curve
and quality controls were prepared by appropriate
dilution in methanol: water (50:50). The IS
working solution (2 pg/mL) was prepared by
diluting its stock solution with methanol: water
(50:50). Spiking solutions (0.2 mL) were added to
drug-free human plasma (9.8 mL) as a bulk, to
obtain Labetalol spiking concentration levels of
3.1800 to 700.8760 ng/mL.

The quality control pools were divided into
aliquots in micro centrifuge tubes (Tarson, 2 mL)
and stored in the freezer at —=70°C until analysis.
Each validation run consisted of a double quality
control, system suitability sample, blank samples
(a plasma sample processed without an IS), a zero
sample (a plasma processed with IS), calibration
curve consisting of eight non-zero samples
covering the total range (3.1800 to 700.8760
ng/mL) and QC samples at three concentrations (n
= 6, at each concentration). Such validation runs
were generated on 3 consecutive days. Calibration
samples were analyzed from low to high at the
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beginning of each validation run and other
samples were distributed randomly through the
run. Linearity was assessed by a weighted (1/x?)
least squares regression analysis. The calibration
curve had a correlation coefficient (r?) of 0.99. The
acceptance criterion for each back-calculated
standard concentration was 15% deviation from
the nominal value except LLOQ.

Specificity: Randomly selected six blank human
plasma samples (KsEDTA anticoagulant) , which
were collected under controlled conditions, were
carried through the extraction procedure and
chromatographed to determine the extent to
which endogenous plasma components may
contribute to interfere with the analyte or the
internal standard. The results were compared with
LLOQ (3.1800 ng/mlL).

Recovery: Recovery of Labetalol was evaluated by
comparing the mean peak areas of six extracted
low, medium and high quality control samples to
mean peak area of six unprocessed reference
solutions. Recovery of IS was evaluated by
comparing the mean peak areas of low, medium
and high quality extracted quality control samples
to mean peak areas of 18 unprocessed reference
solutions of the same concentration (6 of each
level).

Accuracy and precision: Within-batch accuracy
and precision evaluations were performed by
repeated analysis of Labetalol in human plasma.
The run consisted of a calibration curve with six
replicates of each LLOQ, low, medium and high
quality control samples. Between-batch accuracy
and precision were assessed by analysis of
samples consisting of a calibration curve and six
replicates of LLOQ, low, medium and high quality
control samples for Labetalol on three separate
occasions. During routine analysis, each analytical
run included a set of calibration samples, a set of
QC samples in duplicate and plasma samples to be
determined. The overall precision of the method
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expressed as relative standard deviation and
accuracy of the method.

Stability: 24 h stability was examined by keeping
replicates of the low and high plasma quality
control samples at room temperature for
approximately 24 h. Freeze—thaw stability of the
samples was obtained over four freeze-thaw
cycles, by thawing at room temperature for 2—3 h
and refrozen for 12-24 h for each cycle.
Autosampler stability of Labetalol was tested by
analysis of processed and reconstituted low and
high plasma QC samples, which are stored in the
autosampler tray for 40 h. Stability of Labetalol in
human plasma was tested after storage at
approximately -70°C for 60 days. For each
concentration and each storage condition, six
replicates were analyzed in one analytical batch.
The concentration of Labetalol after each storage
period was related to the initial concentration as
determined for the samples that were freshly
prepared and processed immediately.

RESULTS AND DISCUSSION:

Mass spectrometry: Electrospray MS-MS was
used to analyze Labetalol, as it is beneficial in
developing a selective and sensitive method.
[M+H]+ was the predominant ion in the Ql
spectrum and was used as the precursor ion to
obtain product ion spectra. The most sensitive
mass transition was from m/z 329.01 to 161.95 for
Labetalol and from m/z 4267.99 to 115.86 for the
IS. LC-MRM is a very powerful technique for
pharmacokinetic studies since it provides
sensitivity, selectivity and specificity requirements
for analytical methods. Thus, the MRM technique
was chosen for the assay development. The MRM
state file parameters were optimized to maximize
the response for the analyte. The parameters
presented in Table 1 are the result of this
optimization.
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Method development: The chromatographic
conditions, especially the composition of mobile
phase, were optimized through several trials to
achieve good resolution and symmetric peak
shapes for the analyte and IS, as well as a short
run time. It was found that a mixture of 2 mM
ammonium formate (pH 5.0) /methanol (20:80,
v/v) could achieve this purpose and was finally
adopted as the mobile phase. The high proportion
of organic solvent eluted the Labetalol and
Metoprolol (IS) at retention times of 1.20 and 1.20
min, respectively. A flow rate of 0.5 mL/min
produced good peak shapes and permitted a run
time of 2.5 min.

Liquid-liquid extraction (LLE) was used for
the sample preparation in this work. LLE can be
helpful in producing a spectroscopically clean
sample and avoiding the introduction of
nonvolatile materials onto the column and MS
system. Clean samples are essential for minimizing
ion suppression and matrix effect in LC/MS/MS
analyses. Ethyl acetate was found to be optimal,
which can produce a clean chromatogram for a
blank plasma sample. The average recoveries of
Labetalol from spiked plasma samples at low,
medium and high level are 77.5%, 76.8% and 79.2
respectively and for Metoprolol (ISTD) is 84.8%
concentration used in the method. Recoveries of

M atrix Factor =
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the analytes and IS were good and it was
consistent, precise and reproducible. Therefore,
the method has proved to be robust in high-
throughput bioanalysis. Choosing the appropriate
Internal Standard is an important aspect to
achieve  acceptable method performance,
especially with LC/MS/MS, where matrix effects
can lead to poor analytical results. Several
compounds were investigated to find a suitable IS,
and finally Metoprolol was found to be suitable
for the present purpose. In addition, its retention
behavior is similar to that of the target analyte.
Clean chromatograms were obtained and no
significant direct interferences in the MRM
channels at the relevant retention times were
observed. However, in ESI, signal suppression or
enhancement may occur due to co-eluting
endogenous components of the sample matrix.

The potential for co-extracted matrix
component to influence the detector response of
analyte and IS was evaluated in six independent
lots of blank K3EDTA human plasma, and one lot of
haemolysed plasma. Aqueous standard equivalent
to LQC level concentration along with intended
concentration of internal standard was spiked to
the post extracted blank matrix. Matrix factor and
matrix effect were calculated as;

Peak area of post- extracted spiked sample

M ean peak area of un - extracted aqueous samples
Mean peak area of post-extracted spikedsample 5
Mean peak area of un - extracted aqueous samples

M atrix Effect = 100

The percentage CV of matrix factor for Labetalol
and internal standard were found to be 3.32 and
2.37 respectively. The matrix effect percentage of
Labetalol and Internal Standard were found to be
97.02 and 100.38 respectively. Therefore, all
validation experiments in this method were

performed with matrices obtained from different
individuals. In addition, validation experiments
were performed using hemolytic matrices. As all
data falls within the FDA guidelines, we conclude
that the degree of matrix effect was sufficiently
low to produce acceptable data and the method
can be considered as valid (table 2).
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TABLE 2: MATRIX EFFECT DATA FOR LABETALOL IN HUMAN PLASMA

Analyte Internal Standard Results-Matrix Factor
Lot No.
Aqueous Area Spiked Area Aqueous Area Spiked Area Analyte IS
MAT 135 12206 11151 355018 362185 0.91 1.04
MAT 136 12606 11848 345029 343168 0.97 0.98
MAT 137 12368 11707 357671 357330 0.95 1.02
MAT 143 12576 12045 341663 344567 0.98 0.99
MAT 146 11782 12395 349081 357493 1.01 1.02
MAT 206 12058 12029 347965 340890 0.98 0.98
MAT 201 (H)a 12131 349515 0.99 1.00
Mean 12266 11901 349405 350735 0.970 1.004
SD 0.032217 0.023773
%CV 3.32 2.37
% Matrix Effect 97.02 100.38

®Hemolyzed Lot
Assay Performance and Validation:

Specificity: There were no interfering peaks
present in six different randomly selected samples
of drug free human plasma used for analysis at the
retention times of either analyte or IS There was
no interference of Labetalol and IS analysis by
other potentially co-administered drugs such as
paracetamol, ibuprofen, aspirin, ampicillin,
amoxicillin.

Accuracy of the assay: The accuracy values for
between- and within-batch studies at the LLOQ
and at low, medium and high concentrations of
Labetalol in plasma were within acceptable limits
(n=6) (Table 3).

Precision of the methods:

Within-batch variability of the assay: The results
shown in Table 4 indicate that the assay method is
reproducible for replicate analysis of Labetalol in
human plasma within the same day.

Between-batch variability of the assay: The
results shown in Table 4 indicate that the assay
method is reproducible on different days.

Stability: Stock solutions of Labetalol (1 mg/mL)
and IS (1 mg/mL) were prepared separately in
methanol. The weight of analytes was corrected
for purity. The solutions were stable for at least 1
month when stored at 4°C. The stability
experiments were aimed at testing all possible
conditions that the samples might experience
after collecting and prior the analysis. These were
performed as described above. All stability results
are summarized in Table 5. Three freeze-thaw
cycles and 24 h room temperature storage for low
and high quality controls samples indicated that
Labetalol was stable in human plasma under these
conditions. QC samples were stable for at least 60
days if stored frozen at approximately -70 °C.
Testing of autosampler stability of quality control
samples (Table 5) indicated that Labetalol is stable
when kept in the autosampler for up to 40 h.
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FIG. 2: CHROMATOGRAMS OF (A) BLANK HUMAN PLASMA; (B) HUMAN PLASMA SAMPLE SPIKED WITH 547.7000 ng/ml OF
LABETALOL AND IS (HQC); (C) SPIKED HUMAN PLASMA SAMPLE AT LOQ QC (3.2800 ng/ml).

Approximate retention times: labetalol = 1.1 min; is = 1.1 min

TABLE 3: PRECISION AND ACCURACY OF THE METHOD FOR DETERMINING LABETALOL CONCENCENTRATIONS IN HUMAN
PLASMA

Within batch (n=6) Between batch (n=3)

Concentration Concentration found Precision Accuracy Concentration found Precision Accuracy
added (ng/mL) (Mean + SD) (ng/mL) (%) (%) (Mean + SD) (ng/mL) (%) (%)
3.2800 3.5965+0.23272 6.5 109.7 3.6541+0.21611 5.9 111.4
9.1100 9.9971+0.21254 2.1 109.7 9.9211+0.60236 6.1 108.9
230.0340 240.8910+3.05900 1.3 104.7 239.5075+11.10902 4.6 104.1
547.7000 517.3564+11.43706 2.2 94.5 530.7491+21.68998 4.1 96.9

TABLE 4: PRECISION AND ACCURACY DATA OF BACK-CALCULATED CONCENTRATIONS OF CALIBRATION SAMPLES FOR
LABETALOL IN HUMAN PLASMA

Concentration added (ng/mL) Concentration found (Mean + SD n = 3) (ng/mL) Precision (%) Accuracy (%)

3.1800 3.2441+0.07985 2.5 102.0

6.3580 6.0525+0.31049 5.1 95.2

42.3900 41.0415+0.87210 2.1 96.8
117.7480 127.3309+4.48732 3.5 108.1
235.4940 237.9167+3.66297 1.5 101.0
392.4900 395.6296+3.69376 0.9 100.8
560.7000 551.8331+6.77838 1.2 98.4
700.8760 678.1959+16.68346 2.5 96.8
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TABLE 5: STABILITY OF LABETALOL IN HUMAN PLASMA

ISSN:0975-8232

Sample Concentration (ng/mL) Concentration found (ng/mL) % Change
Autosampler stability for 40 h
9.1100 9.5547 2.4
547.7000 538.4964 -1.2
Three freeze and thaw cycle
9.1100 9.4957 3.0
547.7000 520.2046 2.3
Long term stability of analyte in matrix for 60 days
9.1100 10.3812 -14.0
230.0340 250.8541 -9.1
547.7000 557.7354 -1.8
Bench top stability for 24 h
9.1100 9.4366 3.6
547.7000 532.0302 0.1

CONCLUSIONS: In summary, the method is
described for the quantification of Labetalol in
human plasma by LC/MS/MS in positive ESI mode
using multiple reaction monitoring and fully
validated according to commonly accepted
criteria. The current method has shown
acceptable precision and adequate sensitivity for
the quantification of Labetalol in human plasma
samples obtained for pharmacokinetic,
bioavailability or bioequivalence studies. The
desired sensitivity of Labetalol was achieved with
an LLOQ of 3.1800 ng/mL, which has a between
batch coefficient of variance (CV) of 5.9.

Many variables related to the electrospray
reproducibility were optimized for both precision
and sensitivity to obtain these results. The method
described is simple, rapid, sensitive, specific and
fully validated as per FDA guidelines. The
simplicity of the method, and using rapid liquid-
liquid extraction and sample turnover rate of 2.5
min per sample, make it an attractive procedure in
high-throughput bioanalysis of Labetalol. The
validated method allows quantification of
Labetalol in the 3.1800 to 700.8760 ng/mL range.
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