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Abstract

The monitoring of the plasmatic concentrations of cardiovascular drugs is
crucial for understanding their pharmacokinetics and pharmacodynamics. A
simple, sensitive, specific, and high-throughput liquid chromatography/tandem
mass spectrometry (LC-MS/MS) method was developed and validated for the
simultaneous estimation and pharmacokinetic study of losartan (LOS), losartan
carboxylic acid (LCA), ramipril (RAM), ramiprilate (RPT), and hydrochloro-
thiazide (HCZ) in rat plasma using irbesartan (IBS) and metolazone (MET) as
internal standards (ISs). After solid phase extraction (SPE), analytes and ISs
were separated on an Agilent Poroshell 120, EC-C18 (50 mm x 4.6 mm, i.d.,
2.7 ym) column with a mobile phase consisting of methanol/water (85:15, v/v)
containing 5 mmol/L ammonium formate and 0.1% formic acid at a flow rate of
0.4 mL/min. The precursor — product ion transitions for the analytes and ISs
were monitored on a triple quadrupole mass spectrometer, operating in the
multiple reaction monitoring (MRM) mode and switching the electrospray
ionization (ESI) mode during chromatography from positive (to detect LOS,
LCA, RAM, RPT, and IBS) to negative (to detect HCZ and MET). The method
was validated as per the FDA guidelines and it exhibited sufficient specificity,
accuracy, and precision. The method was found to be linear in the range of
3-3000 ng/mL for LOS and LCA, 0.1-200 ng/mL for RAM and RPT, and
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1-1500 ng/mL for HCZ. The described method was successfully applied to the
preclinical pharmacokinetic study of analytes after oral administration of a
mixture of LOS (10 mg/kg), RAM (1 mg/kg), and HCZ (2.5 mg/kg) in rats.
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Introduction

To improve blood pressure control, the European hypertension guidelines recommend that
angiotensin |l receptor blockers (ARBsS) or angiotensin-converting enzyme inhibitors
(ACEIs) are combined with calcium channel blockers (CCBs) and/or thiazide diuretics [1].
The rationale for this strategy is based, in part, on their different effects on the renin-
angiotensin system, which improves antihypertensive efficacy [2-5].

Losartan (LOS), chemically known as (2-butyl-4-chloro-1-{[2'-(1H-tetrazol-5-yl)[1,1'-
biphenyl]-4-ylJmethyl}-1H-imidazol-5-yl)methanol monopotassium salt, is an orally active
non-peptide angiotensin Il receptor antagonist [6]. It has a more potent active metabolite
losartan carboxylic acid (LCA), chemically known as 2-butyl-4-chloro-1-{[2'-(1H-tetrazol-5-
yD[1,1'-biphenyl]-4-yllmethyl}-1H-imidazole-5-carboxylic acid [7-9].

Ramipril (RAM), (2S,3aS,6aS)-1-[(2S)-2-{[(2S)-1-ethoxy-1-0x0-4-phenylbutan-2-yllJamino}-
propanoyl]octahydrocyclopenta[b]pyrrole-2-carboxylic acid, is an orally active inhibitor of
angiotensin converting enzyme (ACE), which is a prodrug used in the treatment of all
forms of hypertension, heart failure, and following myocardial infarction to improve survival
in patients with clinical evidence of heart failure [10, 11]. The active diacid metabolite,
ramiprilat, (2S,3aS,7aS)-1-[(2S)-2-{[(2S)-1-ethoxy-1-oxopentan-2-yllamino}propanoyl]octa-
hydro-1H-indole-2-carboxylic acid, is formed by hydrolysis of its ethyl ester from ramipril
[12].

Hydrochlorothiazide (HCZ) is a benzathiadiazine diuretic, chemically known as 6-chloro-
1,2,3,4-tetrahydro-2,4-benzothiadiazine-7-sulfonamide 1,1-dioxide, used in hypertension
and often prescribed in combination with other antihypertensive drugs such as beta
blockers, angiotensin-converting enzyme inhibitors, or angiotensin Il receptor blockers
[13, 14].

Various analytical methods have been described for the determination of LOS and its
metabolite LCA, alone or in combination with other drugs in a biological matrix including
HPLC [15], LC-MS/MS [16-26]. Similarly, several analytical methods were reported in the
literature for RAM and its metabolite RPT, alone or in combination with other drugs in a
biological matrix, which include HPLC [27], LC-MS/MS [28-42], and UPLC-MS/MS [43].
Quantification of HCTZ in biological fluids was also reported using LC-MS/MS [45-49]. In
terms of a combination of LOS, RAM, and HCZ, there is one method that has been
reported by HPLC [50].

Due to the relatively low dosing range of LOS, RAM, and HCZ, it was necessary to
develop a simple and sensitive method for the simultaneous quantification of these
analytes and their metabolites in plasma at very low concentrations. Although, there have
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been many works reported on the quantification of these analytes alone or in combination
with other drugs in biological fluids using diverse analytical techniques. To the best of our
knowledge, there is no report on the use of LC-MS/MS for the simultaneous determination
of LOS, LCA, RAM, RPT, and HCZ in rat plasma. The main objective of our research work
was to develop a simple, sensitive, and high-throughput LC-MS/MS method for the
simultaneous estimation of these analytes in rat plasma, which has a simple extraction
procedure from small volumes of plasma, high recoveries, and a short run time. The
method was successfully applied to the preclinical pharmacokinetic studies of these
analytes after oral administration of a mixture of LOS (10 mg/kg), RAM (1 mg/kg), and
HCZ (2.5 mg/kg) in rats.

Experimental
Chemicals and Reagents

LOS (purity > 99.60%), RAM (purity > 98.90%), RPT (purity > 99.10%), HCZ (purity >
99.75%), and MET (IS) (purity > 99.7%) were obtained from Centaur Pharmaceuticals Pvt.
Ltd. (Mumbai, India). LCA (purity > 99.80%) and irbesartan (IS) (purity > 99.90%) were
obtained from Aristo Pharmaceuticals Pvt. Ltd. (Mandideep, India). HPLC grade methanol,
formic acid, ammonium formate, and orthophosphoric acid (85%) were purchased from
Merck Ltd. (Mumbai, India). Ultra-pure water (18.2 M Q cm) was obtained from a Milli-Q
water purification system (Millipore, Milford, MA, USA). The HPLC mobile phase and
sample aliquots were filtered through 0.22 um Nylon-66 filters (Agilent Technologies, USA)
before use. Oasis® HLB 30 mg/1 cc solid phase extraction cartridges were obtained from
Waters (Milford, Massachusetts, USA). Blank rat plasma with tripotassium salts of
ethylenediaminetetraacetic acid (K3EDTA) as an anticoagulant was obtained from healthy
male Wistar rats (Experimental Animal House, Department of Pharmaceutical Sciences
and Technology, Birla Institute of Technology, Mesra, Ranchi).

Instrumentation

LC-MS/MS equipment consisted of an Agilent Technologies 1200 Series liquid chromato-
graphy system equipped with a degasser (G1322A), an SL binary pump (G1312B), a high-
performance autosampler (G1357D, HiP-ALSSL+), and a thermostated column compart-
ment (G1316B SL) which was coupled with a 6460 triple-quadrupole mass spectrometer
(Agilent Technologies, USA) and was operated with an Agilent G1948B ionization source
in switching the electrospray ionization (ESI) mode during chromatography from positive to
negative. An Agilent Mass Hunter workstation was used for the control of the equipment,
data acquisition, and analysis.

Chromatography and Mass Spectrometry Conditions

Analytes and IS were separated on an Agilent Poroshell 120, EC-C18 (50 mm x 4.6, 2.7
um particle size) column at ambient temperature and under isocratic mobile phase
conditions consisting of methanol/water (85:15, v/v) containing 5 mmol/L ammonium
formate and 0.1% formic acid at a flow rate of 0.4 mL/min. The total run time was 2 min
and the injection volume was 5 pL.

The MS recordings were performed by ESI with multiple reaction monitoring (MRM) to
acquire the mass spectra of the compounds. The source-related parameters such as
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drying gas temperature (N3), 300°C; gas flow, 8 L/min (N); nebulizer pressure, 45 psi (N>)
were used to optimized the method. The capillary voltage was 4000V for positive
ionization and —3500 V for negative ionization. The optimized values of the analyte-related
parameters are summarized in Table 1.

Tab. 1. Analyte-related mass spectrometer parameters

Analytes Declustering Collision Mode of lon transition

Potential (DP) Energy (CE) analysis (Q1/Q3)
(Volts) (Volts)
LOS 15 7 Positive m/z 423.2/207.1
LCA 25 15 Positive  m/z 437.0/235.0
RAM 15 10 Positive  m/z 417.2/234.0
PRT 13 7 Positive  m/z 389.1/206.0
HCZ 60 12 Negative m/z 296.8/269.9
IBS 20 15 Positive  m/z 429.2/207.0
MET 25 10 Negative m/z 364.4/257.2

Preparation of Standards, Calibration Standards, and Quality Control Samples

The stock solutions of LOS, LCA, RAM, RPT, and HCZ that were used to make the
calibration standards and quality control (QC) samples were prepared by dissolving an
appropriate amount corresponding to 1.0 mg/mL in methanol. The stock solutions were
then serially diluted with mobile phase to provide working standard solutions at the desired
concentrations. The stock solutions of ISs (IBS and MET) were prepared by dissolving an
appropriate amount corresponding to 1.0 mg/mL in methanol and 100 ng/mL working
solutions of ISs were prepared by diluting its stock solution with mobile phase. The
calibration standards for these analytes were prepared daily by spiking 10 pyL of the
appropriate standard working solutions to 100 yL blank Wistar rat plasma to provide the
final concentrations of 3—3000 ng/mL for LOS and LCA, 0.1-200 ng/mL for RAM and RPT,
and 1-1500 ng/mL for HCZ. Quality control (QC) samples at LLOQ, low (LQC), medium
(MQC), and high (HQC) levels were prepared at the concentrations of 3, 9, 600, and
2700.00 ng/mL for LOS and LCA, 0.10, 0.30, 15, and 180 ng/mL for RAM and RPT, and 1,
3, 90, and 1200 ng/mL for HCZ. ISs stock solutions were made at an initial concentration
of 1.00 mg/mL in methanol. The ISs working solution (100 ng/mL) was made from the
stock solution using mobile phase for dilution. All solutions described above were stored at
4-8°C.

Sample Preparation

A 100 pL aliquot of a rat plasma sample was mixed with 10 yL of internal standard (I1Ss)
working solution (100 pg/mL of ISB and MET) and 50 pL 5% orthophosphoric acid (pH 3.8)
in a 2-mL polypropylene tube. The sample was briefly vortex-mixed and then centrifuged
at 5,000 rpm for 2 minutes. The pre-treated samples were loaded onto conditioned cartridges
(Oasis, HLB 30 mg/lcc, Waters Corporation, USA) that were preconditioned with methanol
followed by water and centrifuged (Eppendorf Refrigerated Centrifuge, 5810R) at 1500 rpm
for 2 min. Plasma was drained out under nitrogen pressure and the extraction cartridge
was washed with 1 mL water, 250 pL 1% orthophosphoric acid, followed by 250 uL 5%
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methanol. The sample was eluted by passing 400 uL of the methanol: acetonitrile mixture
(50:50). The eluent was evaporated to dryness at 50°C. The dried residue was reconstituted
with 250 ul of the mobile phase and transferred into an autosampler vial for injection. A 5 L
aliquot of the eluent was injected into the LC-MS/MS system for analysis.

Method Validation

The developed method was validated for selectivity, linearity, accuracy, and intra-day and
inter-day precision, recovery, matrix effects, and stability according to the Food and Drug
Administration (FDA) guidelines for bioanalytical method validation [51].

Selectivity

Selectivity is the ability of an analytical method to differentiate and quantify the analyte in
the presence of other components in the sample. The selectivity was evaluated by
analyzing blank plasma samples of six different rats, blank plasma spiked with LOS, LCA,
RAM, RPT, HCZ, and IS, and a rat plasma sample (pharmacokinetic samples).

Calibration Curve and Lower Limit of Quantification

The calibration curves of the analytes were constructed using standard plasma samples at
eight non-zero concentrations. The curves were best-fitted using a least squares linear
regression model y = mx + ¢ weighted by 1/x, in which y is the peak area ratio of the
analyte to IS, m is the slope of the calibration curve, c is the y-axis intercept of the
calibration curve, and x is the analyte concentration. The lower limit of quantification
(LLOQ) was defined as the lowest concentration point on the calibration curve with an
acceptable accuracy within £20% and the precision <20%, using the analysis of six
replicates.

Precision and Accuracy

Inter-batch precision and accuracy of the assay were evaluated by running three validation
batches on three separate days, whereas intra-batch precision and accuracy were
evaluated within a batch. Each batch consisted of one set of calibration standards and six
replicates of quality control samples at three QC levels (LQC, MQC, and HQC). Precision
was expressed as the percentage of the coefficient of variation (% CV = standard
deviation of the measured value/mean measured value x 100), and should not be greater
than 15% at each concentration level of the nominal concentration. Accuracy of the
method was determined by calculating the percentage deviation observed in the analysis
of QCs and expressed as the relative error (RE = measured value/true value -1), and
should be within 85-115%.

Extraction Recovery, Matrix Effects, and Stability

The extraction recoveries of the analytes were determined by analyzing six replicates (n =
6) of rat plasma samples at LLOQ, LQC, MQC, and HQC levels and comparing the peak
area of each analyte in the spiked rat plasma samples with those of samples to which the
analyte had been added after extraction. The matrix effects are generally due to the
influence of coeluting compounds on the actual analyte ionization process. The matrix
effect was evaluated by comparing the mean peak area of the analytes spiked in blank
extracted plasma samples (A) with the corresponding mean peak areas obtained by direct
injection of the standard solutions of analytes (B) [matrix effect = (A/B) x 100]. For a
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method to be free from the relative matrix effect, the % coefficient of variation (CV) of the
normalized matrix effect should be less than 15% [52, 53]. Extraction recovery and matrix
effects for the I1Ss were also investigated at the concentration of 100 ng/mL. Drug stability
in a biological fluid is a function of the storage conditions, the chemical properties of the
drug, the matrix, and the container system. The stability of analytes and ISs in rat plasma
was evaluated under possible conditions that should reflect situations likely to be
encountered during actual sample handling and analysis, including long-term (frozen at the
intended storage temperature and conditions) and short-term (benchtop and room
temperature conditions) storage, autosampler stability, and after going through freeze-
thaw cycles. The stability of analytes and ISs in stock solution was also evaluated.

Application to Pharmacokinetic Study

Pharmacokinetic studies were carried out using six young and healthy male Wistar rats
weighing 240-270 g. The animals were housed in polyacrylic cages and maintained under
standard laboratory conditions (temperature 25 + 2°C) with dark and light cycles for at
least seven days prior to the experiment and were given a commercial rat chow and water
ad libitum. The experimental protocol was approved (BIT/PH/IAEC/04/2013) by the
Institutional Animal Ethical Committee (621/02/Ac/CPCSEA) prior to the conduct of the
animal experiments.

After an overnight fast, the rats were given an oral administration of a mixture of LOS (10
mg/kg), RAM (1 mg/kg), and HCZ (2.5 mg/kg) dissolved in 0.1% carboxymethyl cellulose.
The animals had free access to water after 4 h of the oral administration of drugs. The
blood (~250 pL) was collected into heparinized tubes from the suborbital veniplex before
administration and at 0.08, 0.15, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0, 8.0, 12.0, 24.0, 36.0, 48.0,
and 72.0 hrs after dosing. The plasma was immediately separated by centrifugation and
stored frozen at —80°C until analysis.

Results and Discussion
Optimization of the Method

The main objective of our research work was to develop and validate a simple, sensitive,
and high-throughput LC-MS/MS method having a simple extraction procedure with high
recoveries and short analysis time, while retaining good efficiency from small volumes of
plasma.

Mass Spectrometry

The positive mode of ionization was selected for LOS, LCA, RAM, RPT, and IS (IBS)
because the relative abundance of precursor ions and product ions for these analytes
were more in positive mode. On the contrary, the negative mode of ionization was selected
for HCZ and IS (MET) because the relative abundance of precursor ions and product ions
for these analytes were more in negative mode. The chemical structures and product ion
mass spectra of LOS, LCA, RAM, RPT, HCZ, and ISs (IBS and MET) are shown in Fig. 1.
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Chemical structures and product ion mass spectra of [Losartan (LOS), (A)],

[Losartan carboxylic acid (LCA), (B)], [Ramipril (RAM), (C)], [Ramiprilat (RPT),
(D)], [Hydrochlorothiazide (HCZ), (E)], [Irbesartan (ISB, IS), (F)], and

[Metolazone (MET, 1S), (G)
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Liquid Chromatography

The feasibility of various mixture(s) of solvents such as acetonitrile and methanol using
different buffers such as ammonium acetate, ammonium formate, trifluoroacetic acid, and
formic acid along with altered flow rates (in the range of 0.4-0.8 mL/min) was tested for the
complete chromatographic resolution of analytes and IS (data not shown). The effect of
the column on the analysis of analytes and IS was also evaluated. Various columns (C8,
C18, phenyl, etc.) were tried to get better results in terms of peak shape, retention time,
and resolution. Finally, analytes and ISs were eluted on an Agilent Poroshell 120, EC-C18
(50 mm x 4.6 mm, i.d., 2.7 ym) column using an isocratic mobile phase consisting of
methanol/water (85:15, v/v) containing 5 mmol/L ammonium formate and 0.1% formic acid
at a flow rate of 0.4 mL/min. The total run time was 2 min and the injection volume was
5 uL.

Plasma Extraction

As LOS, LCA, RAM, RPT, HCZ, and ISs (IBS and MET) have significant differences in
drug—plasma binding and physicochemical properties (pKa, solubility, stability at various
pH, etc.), it was difficult to optimize the extraction procedure for these analytes from rat
plasma. Several methods were tried based on the previously reported methods such as
protein precipitation (PPT), liquid—liquid extraction (LLE), or solid phase extraction (SPE)
for the extraction of these analytes from plasma. Finally, the SPE procedure was chosen
to extract the analytes and ISs from plasma because of its high extraction efficiency, good
reproducibility, and lower interference of endogenous matrix components compared to
PPT and LLE.

Method Validation
Selectivity

The developed LC-MS/MS method demonstrated good selectivity. There were no
interferences at the retention times for LOS (0.584 min), LCA (0.580 min), RAM (0.617
min), RPT (0.588 min), HCZ (0.532 min), and ISs (IBS, 0.747 and MET, 0.697 min) as
shown in Fig. 2. These results supported the high specificity and selectivity of this method.

Extraction Recovery and Matrix Effects

The extraction recoveries (n = 6) of LOS, LCA, RAM, RPT, and HCZ from rat plasma at all
QC (LLOQ, LQC, MQC, and HQC) levels were found to be more than 70.0%. The mean
extraction recoveries (n = 6) of both ISs (ISB and MET) were > 88.20 £ 6.20%. The matrix
effects ranged from 88.99 + 6.20 to 99.64 * 3.14 at all QC levels of samples. The matrix
effects of ISs at 100 ng/mL were 99.32 = 2.89 for ISB and 98.45 + 3.80 for MET. The
matrix effect results showed that there was negligible ionization suppression or
enhancement from the plasma matrix for this method. Results of the extraction recovery
and matrix effects are shown in Supporting Information (Table S1).

Sensitivity and Linearity

The lower limit of quantitation (LLOQ) of the assay was 3 ng/mL for LOS and LCA, 0.1
ng/mL for RAM and RPT, and 1 ng/mL for HCZ with acceptable accuracy and precision.
The plasma calibration curve was constructed using eight calibration standards (viz., 3—
3000 ng/mL for LOS and LCA, 0.1-200 ng/mL for RAM and RPT, and 1-1500 ng/mL for
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HCZ). The calibration curve was prepared by determining the best fit of the peak-area
ratios (peak area analyte/peak area IS) vs. concentration, and fitted to the y = mx + ¢ using
a weighing factor (1/x). The representative regression equation for the calibration curve
was y = 0.6348x + 0.0297 for LOS; y = 0.0791x — 0.0345 for LCA; y = 6.6271x — 4.1289 for
RAM; y = 0.1463x + 0.0027 for RPT; and y = 0.0022x + 9.4470 for HCZ, with a correlation
coefficient of > 0.9995 for all analytes.
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Representative MRM chromatograms of blank rat plasma samples: LOS (A1),

LCA (A2), RAM (A3), RPT (A4), HCZ (A5), IS (IBS, A6), and IS (MET, A7).
Representative MRM chromatograms of a blank rat plasma sample spiked with:
LOS at the LLOQ of 3 ng/mL (B1), LCA at the LLOQ of 3 ng/mL (B2), RAM at
the LLOQ of 0.1 ng/mL (B3), RPT at the LLOQ of 0.1 ng/mL (B4), HCZ at the
LLOQ of 1 ng/mL (B5), IS (IBS) at 100 ng/mL (B6), and IS at 100 ng/mL (B7).
Representative MRM chromatograms of a plasma sample of LOS (C1), LCA
(C2), RAM (C3), RPT (C4), and HCZ (C5), obtained from a rat at 1.5 hr after
oral administration of a mixture of LOS (10 mg/kg), RAM (1 mg/kg), HCZ (2.5
mg/kg), IS (ISB) at 100 ng/mL (C6), and IS (MET) at 100 ng/mL

Precision and Accuracy

The precision and accuracy of the developed method were determined by analysis at three
levels of quality control (LQC, MQC, and HQC) samples. Intra-batch and inter-batch
precision were found to be less than 10% for all analytes. Accuracy was expressed as the
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percent relative error (%RE) for all analytes. The intra- and inter-run precision (RSD, %)
and accuracy (RE, %) results for all analytes are shown in Table 2.

Tab. 2. Intra- and inter-day precision and accuracy in determination of LOS, LCA, RAM,
RPT, and HCZ in rat plasma

Analyte Nominal Conc. Accuracy Precision
(ng/mL) (%, RE) (%, CV)
LOS
Intra-day (n=6) 9 1.13 4.33
600 -1.25 3.31
2700 1.68 3.55
Inter-day (n=6) 9 1.06 6.44
600 -1.13 5.99
2700 1.10 3.01
LCA
Intra-day (n=6) 9 1.80 5.85
600 -1.31 6.98
2700 -1.16 4.87
9 1.49 3.34
Inter-day (n=6) 600 1.88 3.68
2700 1.47 4.60
RAM
Intra-day (n=6) 0.30 2.16 4.67
15 -1.09 3.45
180 -1.05 3.21
Inter-day (n=6) 0.30 3.21 4.97
15 1.10 2.80
180 1.98 3.54
PRT
Intra-day (n=6) 0.30 2.15 6.41
15 -1.15 6.50
180 -1.05 3.21
Inter-day (n=6) 0.30 3.21 4.28
15 3.14 3.01
180 -1.61 2.45
HCZ
Intra-day (n=6) 3 2.89 6.54
90 2.94 2.99
1200 -1.11 3.21
Inter-day (n=6) 3 5.21 3.11
90 4.10 2.08
1200 -1.51 2.33
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Stability Studies

The stability studies of all analytes and ISs were performed at three QC concentration
(LQC, MQC, and LQC) levels in six replicates (n=6). The stability in rat plasma was
evaluated under different temperature and storage conditions, such as: short-term stability
at room temperature for 12 h (benchtop stability), long-term stability at ~80°C for 90 days,
three freeze-(—80°C)-thaw-(room temperature)-cycles on consecutive days. Post-prepara-
tive stability was evaluated by keeping extracted QC samples in the autosampler at 4°C for
24 h. The stability of stock solutions (4-8°C for 7 days) of all analytes and ISs was also
evaluated. The results of stability studies are shown in Supporting Information (Table S2).

Application to Pharmacokinetic Study

The method described above was successfully applied to study the pharmacokinetics of
MET, RAM, and RPT in six male Wistar rats after an oral administration of the mixture of
LOS (10 mg/kg), RAM (1 mg/kg), and HCZ (2.5 mg/kg). Pharmacokinetic (PK) analysis
was performed using the software Phoenix WinNonlin® software (version 6.3; Certara
USA, Inc., St. Louis, USA) on the rat plasma data of MET, RAM, and RPT, using non-
compartmental methods modified for sparse sampling which provides additional
information of standard error for the area under the curve, AUC,,s [54]. The concentrations
below quantifiable limits were converted to zeroes prior to pharmacokinetic analysis [55]. A
representative chromatogram of a post—dose sample after 1.5 hrs is shown in Fig. 2. The
resulting mean plasma concentration—time curves of LOS, LCA, RAM, RPT, and HCZ is
shown in Fig. 3. The main pharmacokinetic parameters are summarized in Table 3.

Tab. 3. Pharmacokinetic parameters of LOS, LCA, RAM, RPT, and HCZ obtained after
an oral administration of a mixture of LOS (10 mg/kg), RAM (1 mg/kg), and HCZ

(2.5 mg/kg)

PK Parameter / SE (Units) Analyte

LOS LCA RAM RPT HCZ
AUC 0-72n) (hr x ng/mL) 5198.15 12161.34 119.35 511.25 968.85
AUC;q (hr x ng/mL) 5231.20 12243.64 125.13 529.95 973.73
Chmax (Ng/mL) 1197.94 1468.23 50.45 64.05 521.26
MRT (o_72n) (hr) 5.792 7.17 3.61 16.64 2.42
Tmax (hr) 1 3 0.5 3 1.5

Conclusion

In this paper, a novel LC-MS/MS method for the simultaneous determination of LOS, LCA,
RAM, RPT, and HCZ in rat plasma is described. This method was successfully applied to
the pharmacokinetic study after an oral administration of a mixture of LOS (10 mg/kg),
RAM (1 mg/kg), and HCZ (2.5 mg/kg) in rats. The developed method has several advan-
tages as compared to the methods reported in literature such as simple sample prepara-
tion procedures by SPE, short analysis time (2 min per sample), and high sensitivity which
rendered the method fitting for the purpose of its application to measure concentration-
time profiles for bioavailability, pharmacokinetic, bioequivalence, and drug—drug interaction
studies of LOS, LCA, RAM, RPT, and HCZ for routine therapeutic drug monitoring.

Sci Pharm. 2015; 83: 107-124



118 R. Dubey and M. Ghosh:

500

LOS Mean Plasma concentration (ng/mL] £ SO
g H
3 Z
g- //F_"
LCA Mean Plasma concentration (ng/mL) £ SD
2 2
2 ]
»> »
3

T e T T 1
T o 20 40 60 -1
40 &0 L]
Time (hr) Tirwa (he)

C D

80+

604

404

20

RAM Mean Plasma concentration (ng/mL) £ SD
RPT Mean Plasma concentration (ng/mL) £ SD

60
40
20
O L
4004
200
3
0

Fig. 3. Mean plasma concentration vs. time curve of LOS (A), LCA (B), RAM (C), RPT

(D), and HCZ (E) after oral administration of a mixture of LOS (10 mg/kg), RAM
(1 mg/kg), and HCZ (2.5 mg/kg) in rats

A— A T A 1 T T T 1
40 &0 B0 20 40 80 80
Time (hr) Time (hr)

E

800

HCZ Mean Plasma concentration (ngimlL) £ SD

T T T J
Fo) 40 60 8o
Time (hr)

Sci Pharm. 2015; 83: 107-124



Simultaneous Determination and Pharmacokinetic Study of Losartan, Losartan Carboxylic Acid, ... 119

Acknowledgement

The authors would like to thank the Head of the Department of Pharmaceutical Sciences
and Technology, Birla Institute of Technology, Mesra, Ranchi, India; Vice Chancellor,
Bharati Vidyapeeth, Deemed University, Pune and the Management of Bio-analytical
Technologies (India) Pvt. Ltd., for providing the necessary facilities for carrying out this
research work. The authors would like to thank Dr. Eswari Muthukrishnan for her help in
Pharmacokinetic data analysis. The authors would also like to thank Dr. Manohar Potdar
for his constant support and encouragement.

Supporting Information

Data of the extraction recovery and matrix effects (Table S1) as well as the results of the
stability studies (Table S2) are available in the online version (Type: PDF, Seize: < 0.1
MB): http://dx.doi.org/10.3797/scipharm.1410-15.

Authors’ Statements
Competing Interests
The authors declare no conflict of interest.

Animal Rights

The institutional and international ethical guidelines for the Care and Use of Laboratory
Animals were followed. See ‘Experimental’ for details.

References

[1]  Volpe, M, Tocci G.
Rationale for triple fixed-dose combination therapy with an angiotensin Il receptor blocker, a calcium
channel blocker, and a thiazide diuretic.
Vasc Health Risk Manag. 2012; 8: 371-380.
http://dx.doi.org/10.2147/VHRM.S28359

[2] Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, 1zzo JL Jr, Jones DW, Materson BJ,
Oparil S, Wright JT Jr, Roccella EJ.
Seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure.
Hypertension. 2003; 42: 1206-1252.
http://dx.doi.org/10.1161/01.HYP.0000107251.49515.c2

[8] Mancia G, Fagard R, Narkiewicz K, Redén J, Zanchetti A, Bohm M, Christiaens T, Cifkova R,
De Backer G, Dominiczak A, Galderisi M, Grobbee DE, Jaarsma T, Kirchhof P, Kjeldsen SE,
Laurent S, Manolis AJ, Nilsson PM, Ruilope LM, Schmieder RE, Sirnes PA, Sleight P, Viigimaa M,
Waeber B, Zannad F.
2013 ESH/ESC Guidelines for the management of arterial hypertension: the Task Force for the
management of arterial hypertension of the European Society of Hypertension (ESH) and of the
European Society of Cardiology (ESC).
Hypertension. 2013; 31: 1281-1357.
http://dx.doi.org/0.1097/01.hjh.0000431740.32696.cc

[4] Gradman AH.
Strategies for combination therapy in hypertension.
Curr Opin Nephrol Hypertens. 2012; 21: 486-491.
http://dx.doi.org/10.1097/MNH.0b013e328356¢551

Sci Pharm. 2015; 83: 107-124


http://dx.doi.org/10.2147/VHRM.S28359
http://dx.doi.org/10.1161/01.HYP.0000107251.49515.c2
http://dx.doi.org/0.1097/01.hjh.0000431740.32696.cc
http://dx.doi.org/10.1097/MNH.0b013e328356c551

120 R. Dubey and M. Ghosh:

[5] Channer KS, McLean KA, Lawson-Matthew, Richardson M.
Combination diuretic treatment in severe heart failure: a randomised controlled trial.
Br Heart J 1994; 71: 146-150.
http://dx.doi.org/10.1136/hrt.71.2.146

[6] Timmermans PB, Carini DJ, Chiu AT, Duncia JV, Price WA, Wells GJ, Wong PC, Wexlen RR,
Johnson AL.
Angiotensin |l receptor antagonists. From discovery to antihypertensive drugs.
Hypertension. 1991; 18 (Suppl): 111136-11142.
http://dx.doi.org/10.1161/01.HYP.18.5_Suppl.Il1136

[71 Wong PC, Price WA, Chiu AT, Duncia JV, Carini DJ, Wexler RR, Johnson AL, Timmermans PB.
Nonpeptide angiotensin Il receptor antagonists. XI. Pharmacology of EXP3174: an active metabolite of
DuP 753, an orally active antihypertensive agent.
J Pharmacol Exp Ther. 1990; 255: 211-217.
http://www.ncbi.nlm.nih.gov/pubmed/2213556

[8] Sachinidis A, Ko Y, Weisser P, Meyer zu Brickwedde MK, Dising R, Christian R, Wieczorek AJ,
Vetter H.
EXP3174, a metabolite of losartan (MK 954, DuP 753) is more potent than losartan in blocking the
angiotensin ll-induced responses in vascular smooth muscle cells.
J Hypertens. 1993; 11: 155-162.
http://www.ncbi.nlm.nih.gov/pubmed/8385175

[91] Reynold JF.
Martindale the Extra Pharmacopocia.
31st ed., The Royal Pharmaceutical Society, London, 1996.

[10] Campbell DJ, Duncan A, Kladis A, Harrap SB.
Angiotensin Peptides in Spontaneously Hypertensive and Normotensive Donryu Rats.
Hypertension. 1995; 22: 513-522.
http://dx.doi.org/10.1161/01.HYP.25.5.928

[11] Sweetman SC.
Martindale the Complete Drug Reference.
36th ed., Pharmaceutical Press, London, 2009, pp. 1307-1308.

[12] Brunton LL, Parker K, Blumenthal D, Buxton I.
The Goodman and Gilman’sManual of Pharmacological Therapeutics.
McGraw-Hill Professional, New York, 2007.

[13] LantA.
Diuretics. Clinical pharmacology and therapeutic use (Part II).
Drugs. 1985; 29: 162-188.
http://dx.doi.org/10.2165/00003495-198529020-00003

[14] Trenkwalder P.
Combination therapy with AT(1)-receptor blockers.
J. Hum. Hypertens. 16 (2002) S17.
http://dx.doi.org/10.1038/sj.jhh.1001435

[15] Iwasa T, Takano T, Hara K, T Kamei.
Method for the simultaneous determination of losartan and its major metabolite, EXP-3174, in human
plasma by liquid chromatography—electrospray ionization tandem mass spectrometry.
J Chromatogr B. 1999; 734: 325-330.
http://dx.doi.org/10.1016/S0378-4347(99)00358-8

[16] Yasar U, Bergengren CF, Tybring G, Dorado P, Lierena A, Sjoqvist F, Eliasson E, Dahl ML.
Pharmacokinetics of losartan and its metabolite E-3174 in relation to the CYP2C9 genotype.
Clin Pharmacol Ther. 2002; 7: 89—-98.
http://dx.doi.org/10.1067/mcp.2002.121216

Sci Pharm. 2015; 83: 107-124


http://dx.doi.org/10.1136/hrt.71.2.146
http://dx.doi.org/10.1161/01.HYP.18.5_Suppl.III136
http://www.ncbi.nlm.nih.gov/pubmed/2213556
http://www.ncbi.nlm.nih.gov/pubmed/8385175
http://dx.doi.org/10.1161/01.HYP.25.5.928
http://dx.doi.org/10.2165/00003495-198529020-00003
http://dx.doi.org/10.1038/sj.jhh.1001435
http://dx.doi.org/10.1016/S0378-4347(99)00358-8
http://dx.doi.org/10.1067/mcp.2002.121216

Simultaneous Determination and Pharmacokinetic Study of Losartan, Losartan Carboxylic Acid, ... 121

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

Polinko M, Riffel K, Song H, Lo MW.

Simultaneous determination of losartan and EXP3174 in human plasma and urine utilizing liquid
chromatography/tandem mass spectrometry.

J Pharm Biomed Anal. 2003; 33: 73-84.

http://dx.doi.org/10.1016/S0731-7085(03)00348-0

Baguet JP, Durgeat SN, Mouret S, Asmar R, Mallion JM.

A placebo-controlled comparison of the efficacy and tolerability of candesartan cilexetil, 8 mg, and
losartan, 50 mg, as monotherapy in patients with essential hypertension, using 36-h ambulatory blood
pressure monitoring.

Int J Clin Pract. 2006; 60: 391-398.

http://dx.doi.org/10.1111/j.1368-5031.2006.00903.x

Prasad SV, Shivakumar S, Sudhir T, Mital R, Rao GD.
LC/MS/MS method for the simultaneous estimation of losartan potassium and irbesartan in rat plasma.
Int. J Pharm Pharm Sci. 2009; 1: 206-215.

Prasaja B, Sasongko L, Yahdiana H, Hardiyanti, Lusthom W, Grigg M.

Simultaneous quantification of losartan and active metabolite in human plasma by liquid
chromatography—tandem mass spectrometry using irbesartan as internal standard.

J Pharm Biomed Anal. 2009: 49: 862—-867.

http://dx.doi.org/10.1016/j.jpba.2009.01.007

Shah HJ, Kundlik ML, Patel NK, Subbaiah G, Patel DM, Suhagia BN, Patel CN.

Rapid determination of losartan and losartan acid in human plasma by multiplexed LC-MS/MS.
J Sep Sci. 2009; 32: 3388—3394.

http://dx.doi.org/10.1002/jssc.200900287

Rao RN, Raju SS, Vali RM, Sankar GG.

Liquid chromatography—mass spectrometric determination of losartan and its active metabolite on
dried blood spots.

J Chromatogr B. 2012; 902: 47-54.

http://dx.doi.org/10.1016/j.jchromb.2012.06.013

Liu S, Bu FL, Wei CM, Yuan GY, Wang BJ, Guo RC.

Pharmacokinetics of Hydrochlorothiazide, Losartan and E3174 after Oral Doses of Losartan and
Losartan/Hydrochlorothiazide in Healthy Chinese Male Volunteers.

Pharmacol Pharm. 2012; 3: 7-14.

http://dx.doi.org/10.4236/pp.2012.31002

Karra VK, Pilli NR, Inamadugu JK, Rao JS.

Simultaneous determination of losartan, losartan acid and amlodipine in human plasma by LC-MS/MS
and its application to a human pharmacokinetic study.

Pharm Methods. 2012; 3: 18-25.

http://dx.doi.org/10.4103/2229-4708.97711

Yuan Y, Zhang H, Ma W, Sun S, Wang B, Zhao L, Zhang G, Chai Y.

Influence of compound danesh tablet on losartan and its active metabolite EXP3174 by liquid
chromatography coupled with mass spectrometry.

Biomed Chromatogr. 2013; 27: 1219-1224.

http://dx.doi.org/10.1002/bmc.2930

Zhu Z, Vachareau A, Neirinck L.

Liguid chromatography—mass spectrometry method for determination of ramipril and its active
metabolite ramiprilat in human plasma.

J Chromatogr B. 2002; 779: 297-306.

http://dx.doi.org/10.1016/S1570-0232(02)00398-7

Sci Pharm. 2015; 83: 107-124


http://dx.doi.org/10.1016/S0731-7085(03)00348-0
http://dx.doi.org/10.1111/j.1368-5031.2006.00903.x
http://dx.doi.org/10.1016/j.jpba.2009.01.007
http://dx.doi.org/10.1002/jssc.200900287
http://dx.doi.org/10.1016/j.jchromb.2012.06.013
http://dx.doi.org/10.4236/pp.2012.31002
http://dx.doi.org/10.4103/2229-4708.97711
http://dx.doi.org/10.1002/bmc.2930
http://dx.doi.org/10.1016/S1570-0232(02)00398-7

122 R. Dubey and M. Ghosh:

[27] Lu X, Shen-Tu J, Liu J.
High-performance liquid chromatography—mass spectrometric analysis of ramipril and its active
metabolite ramiprilat in human serum: Application to a pharmacokinetic study in the Chinese
volunteers.
J Pharm Biomed Anal. 2006; 40: 478-483.
http://dx.doi.org/10.1016/}.jpba.2005.07.054

[28] Mendes GD, Dantas AT, Borges NC, Cavedal LE, Sverdloff C, Prado GM., Modolo JH, De NG.
Comparative bioavailability of two ramipril formulations after single-dose administration in healthy
volunteers.

Int J Clin Pharmacol Ther. 2006; 44: 93-98.
http://www.ncbi.nIm.nih.gov/pubmed/16502769

[29] Gowda KV, Mandal U, Selvan, PS, Solomon WD, Ghosh A, Sarkar AK, Agarwal S, Rao TN, Pal TK.
Liquid chromatography tandem mass spectrometry method for simultaneous determination of
metoprolol tartrate and ramipril in human plasma.

J Chromatogr B. 2007; 858: 13-21.
http://dx.doi.org/10.1016/j.jchromb.2007.07.047

[30] Shafig S, Shakeel F, Talegaonkar S, Ahmad FJ, Khar RK, Ali M.
Development and bioavailability assessment of ramipril nanoemulsion formulation.
Eur J Pharm Biopharm. 2007; 66: 227-243.
http://dx.doi.org/10.1016/j.ejpb.2006.10.014

[31] Desmoulins PO, Burgaud S, Horspool LJ.
Pharmacokinetics and pharmacodynamics of ramipril and ramiprilat in healthy cats.
J Vet Pharmacol Therap. 2008; 31: 349-358.
http://dx.doi.org/10.1111/j.1365-2885.2008.00959.x

[32] Yuan B, Wang X, Zhang F, Jia J, Tang F.
Simultaneous determination of ramipril and its active metabolite ramiprilat in human plasma by LC—
MS-MS.
Chromatographia. 2008; 68: 533-539.
http://dx.doi.org/10.1365/s10337-008-0757-5

[33] Tan A, Jin W, Deng F, Hussain S, Musuku A, Masse R.
Bioanalytical method development and validation using incurred samples—Simultaneous quantitation
of ramipril and ramiprilat in human EDTA plasma by LC-MS/MS.
J Chromatogr B. 2009; 877: 3673—-3680.
http://dx.doi.org/10.1016/j.jchromb.2009.09.017

[34] Pilli NR, Inamadugu JK., Mullangi R, Karra VK, Vaidya JR, Rao JV.
Simultaneous determination of atorvastatin, amlodipine, ramipril and benazepril in human plasma by
LC-MS/MS and its application to a human pharmacokinetic study.
Biomed Chromatogr. 2011; 25: 439-449.
http://dx.doi.org/10.1002/bmc.1462

[35] Gupta VK, Jain R, Lukram O, Agarwal S, Dwivedi A.
Simultaneous determination of ramipril, ramiprilat and telmisartan in human plasma using liquid
chromatography tandem mass spectrometry.
Talanta. 2011; 83: 709-716.
http://dx.doi.org/10.1016/j.talanta.2010.10.011

[36] Sompura BD, Patel KV, Gandhi, TR, Sharma, N, Prasad A.
Simultaneous estimation of ramipril and its active metabolite ramiprilat in human plasma by ESI-LC-
MS/MS.
J Drug Deliv Ther. 2012; 2:153-158.

[87] Azizi M, Blanchard A, Charbit B, Wuerzner G, Peyrard S, Ezan E, Funck-Brentano C, Ménard J.
Effect of contrasted sodium diets on the pharmacokinetics and pharmacodynamic.
J Hypertension. 2013; 61: 1239-1245.
http://dx.doi.org/10.1161/HYPERTENSIONAHA.113.01196

Sci Pharm. 2015; 83: 107-124


http://dx.doi.org/10.1016/j.jpba.2005.07.054
http://www.ncbi.nlm.nih.gov/pubmed/16502769
http://dx.doi.org/10.1016/j.jchromb.2007.07.047
http://dx.doi.org/10.1111/j.1365-2885.2008.00959.x
http://dx.doi.org/10.1365/s10337-008-0757-5
http://dx.doi.org/10.1016/j.jchromb.2009.09.017
http://dx.doi.org/10.1002/bmc.1462
http://dx.doi.org/10.1016/j.talanta.2010.10.011
http://dx.doi.org/10.1161/HYPERTENSIONAHA.113.01196

Simultaneous Determination and Pharmacokinetic Study of Losartan, Losartan Carboxylic Acid, ... 123

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Macha S, Sennewald R, Rose P, Schoene K, Math D, Pinnetti S, Woerle HJ, Broed| UC.
Lack of clinically relevant drug—drug interaction between empagliflozin, a sodium glucose
cotransporter 2 inhibitor, and verapamil, ramipril, or digoxin in healthy volunteers.

Clin Ther. 2013; 35: 226-235.

http://dx.doi.org/10.1016/j.clinthera.2013.02.015

Lawson G, Cocks E, Tanna S.

Bisoprolol, ramipril and simvastatin determination in dried blood spot samples using LC—HRMS for
assessing medication adherence.

J Pharm Biomed Anal. 2013; 81-82: 99-107.

http://dx.doi.org/10.1016/j.jpba.2013.04.002

Patel JR, Pethani TM, Vachhani AN, Sheth NR, Dudhrejiya AV.

Development and validation of bioanalytical method for simultaneousestimation of ramipril and
hydrochlorothiazide in human plasmausing liquid chromatography-tandem mass spectrometry.
J Chromatogr B. 2014; 970: 53-59.

http://dx.doi.org/10.1016/j.jchromb.2014.08.023

Pudageand A, Kamat S.

Development and validation of UPLC tandem mass spectrometry assay for separation of a phase I
metabolite of ramipril using actual study samples and its application to a bioequivalence study.
Biomed Chromatogr. 2011; 25: 664—673.

http://dx.doi.org/10.1002/bmc.1500

Takubo T, Okada H, Ishii M, Hara K, Ishii Y.

Sensitive and selective liquid chromatography—electrospray ionization tandem mass spectrometry
analysis of hydrochlorothiazide in rat plasma.

J Chromatogr B. 2004; 806: 199-203.

http://dx.doi.org/10.1016/j.jchromb.2004.03.060

Song M, Hang T, Zhao H, Wang L, Ge P, Ma P.

Simultaneous determination of amiloride and hydrochlorothiazide in human plasma by liquid
chromatography/tandem mass spectrometry with positive/negative ion-switching electrospray
ionization.

Rapid Commun Mass Spectrom. 2007; 21: 3427-3434.

http://dx.doi.org/10.1002/rcm.3235

Mazzarino M, Torre X, Botre F.

A screening method for the simultaneous detection of glucocorticoids, diuretics, stimulants, anti-
oestrogens, beta-adrenergic drugs and anabolic steroids in human urine by LC-ESI-MS/MS.
Anal Bioanal Chem. 2008; 392:681-698.

http://dx.doi.org/10.1007/s00216-008-2292-5

Shah HJ, Kataria NB, Subbaiah G, Patel CN.

Simultaneous LC-MS-MS analysis of valsartan and hydrochlorothiazide in human plasma.
Chromatographia. 2009; 69: 1055-1060.

http://dx.doi.org/10.1365/s10337-009-0950-1

Gonzalez O, Iriarte G, Rico E, Ferreiros N, Maguregui MI, Alonso RM, Jimenez RM.

LC-MS/MS method for the determination of several drugs used in combined cardiovascular therapy in
human plasma.

J Chromatogr B. 2010; 878: 2685-2692.

http://dx.doi.org/10.1016/j.jchromb.2010.07.026

Wasfi |1A, Katheeri NA.

The pharmacokinetics of hydrochlorothiazide in the camel.
J Vet Pharmacol Therap. 2010; 34, 518-520.
http://dx.doi.org/10.1111/j.1365-2885.2010.01257.x

Sci Pharm. 2015; 83: 107-124


http://dx.doi.org/10.1016/j.clinthera.2013.02.015
http://dx.doi.org/10.1016/j.jpba.2013.04.002
http://dx.doi.org/10.1016/j.jchromb.2014.08.023
http://dx.doi.org/10.1002/bmc.1500
http://dx.doi.org/10.1016/j.jchromb.2004.03.060
http://dx.doi.org/10.1002/rcm.3235
http://dx.doi.org/10.1007/s00216-008-2292-5
http://dx.doi.org/10.1365/s10337-009-0950-1
http://dx.doi.org/10.1016/j.jchromb.2010.07.026
http://dx.doi.org/10.1111/j.1365-2885.2010.01257.x

124 R. Dubey and M. Ghosh:

[48] Bharathi DV, Hotha KK, Chatki PK, Satyanarayana V, Venkateswarlu V.
LC-MS/MS method for simultaneous estimation of candesartan and hydrochlorothiazide in human
plasma and its use in clinical pharmacokinetics.
Bioanalysis. 2012; 4: 1195-1204.
http://dx.doi.org/10.4155/bi0.12.83

[49] Gadepalli SG, Deme P, Kuncha M, Sistla R.
Simultaneous determination of amlodipine, valsartan and hydrochlorothiazide by LC-ESI-MS/MS and
its application to pharmacokinetics in rats.
J Pharm Anal. 2014; 4: 399-406.
http://dx.doi.org/10.1016/j.jpha.2013.12.003

[50] Baing MM, Vaidya VV, Sane RT, Menon SN, Dalvi K.
Simultaneous rp-lc determination of losartan potassium, ramipril, and hydrochlorothiazide in
pharmaceutical preparations.
Chromatographia. 2006; 64: 293—-296.
http://dx.doi.org/10.1365/s10337-006-0008-6

[51] Food and Drug Administration.
Bioanalytical Method Validation, 2001.
http://www.fda.gov/downloads/Drugs/Guidances/ucm070107.pd (15.05.14 date last accessed)

[52] Matuszewski BK, Constanzer ML, Chavez-Eng CM.
Strategies for the assessment of matrix effect in quantitative bioanalytical methods based on HPLC-
MS/MS.
Anal Chem. 2003; 75: 3019-3030.
http://dx.doi.org/10.1021/ac020361s

[53] Tudela E, Munoz G, Munoz-Guerra JA.
Matrix effect marker for multianalyte analysis by LC—MS/MS in biological samples.
J Chromatogr B. 2012; 901: 98-106.
http://dx.doi.org/10.1016/j.jchromb.2012.06.007

[54] Nedelman JR, Jia X.
An extension of satterth waite's approximation applied to pharmacokinetics.
J Biopharm Stat. 1998; 8: 317-328.
http://dx.doi.org/10.1080/10543409808835241

[55] Holder DJ.
Comments on nedelman and jia's extension of satterthwaite's approximation applied to
pharmacokinetics.
J Biopharm Stat. 2001; 11: 75-79.
http://dx.doi.org/10.1081/BIP-100104199

Sci Pharm. 2015; 83: 107-124


http://dx.doi.org/10.4155/bio.12.83
http://dx.doi.org/10.1016/j.jpha.2013.12.003
http://dx.doi.org/10.1365/s10337-006-0008-6
http://www.fda.gov/downloads/Drugs/Guidances/ucm070107.pd
http://dx.doi.org/10.1021/ac020361s
http://dx.doi.org/10.1016/j.jchromb.2012.06.007
http://dx.doi.org/10.1080/10543409808835241
http://dx.doi.org/10.1081/BIP-100104199

