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A sensitive ultra-performance liquid chromatography tandem mass spectrometry method with elec-
trospray ionisation (UHPLC-ESI-MS/MS) was developed for the simultaneous determination of 52
compounds: [3-blockers, polyphenols (antioxidants) and their metabolites in mixture of standards and
after addition the 52 standard solutions to human urine samples. The analyses of urine samples obtained
from patients treated with (3-blockers were also carried out.

The separation of analytes was performed on a Hypersil GOLD™ column (100 mm x 2.1 mm, 1.9 wm)

Selfl’l;/r_%r—dl;;l-MS/Ms using a gradient elution profile for 10 min and mobile phase consisting of 0.1% formic acid in water and
Drugs acetonitrile. In these conditions, some of the tested compounds were not separated, but this was compen-
Polyphenols sated by the use of MS/MS detection. The drugs, polyphenols and their metabolites were detected with a
Metabolites tandem mass spectrometer after being ionised positively or negatively (depending on the molecule) using

an electrospray ionisation (ESI) source. The MS system was operated in the selected reaction monitoring
(SRM) mode, where one quantitation and one confirmation transition was done for each analyte.

The quantitative method was validated for selectivity, linearity, low limits of quantitation, accuracy,
precision, recovery, matrix effect and analyte stability. The LLOQ varied from 0.01 to 0.40ngmL~! for
B-blockers and from 0.05 to 40.0ng mL~! for polyphenols. The linear range was 0.08-1000 ng mL-! for
the drugs and 0.10-2300 ng mL~"! for the polyphenols. Intra-day and inter-day precision was less than 8%,
and the accuracy ranged from —4.40 to 2.23% for all analytes. The average recoveries for all compounds
analysed were better than 90%.

The developed method can be successfully used to monitor cardiovascular drugs and their metabolites
inurine samples of patients treated with 3-blockers and can also be used to study the effect of polyphenols
on the metabolism of drugs.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The aetiology and pathophysiology of cardiovascular diseases is
complex, but it is known that major risk factors include unhealthy
lifestyles and behaviours and a complex interaction between
environmental and genetic factors. Cardiovascular diseases are
increasing in almost all developing countries as the population ages
and lifestyles change rapidly [1].

[3-Blockers play a crucial role in the treatment of cardiovascu-
lar disease, and they are also recommended as a primary therapy
for other diverse medical conditions that, present problems with
other treatments [2]. Interest in the possible health benefits of
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polyphenols has increased due to their potent antioxidant and
free-radical scavenging activities observed in vitro. However, epi-
demiological studies exploring the role of polyphenols in human
health have been inconclusive. Some studies support a protective
effect of polyphenol in cardiovascular disease and cancer, while
other studies demonstrate no effect, and a few studies actually sug-
gest that polyphenols can potentially be harmful [3-5]. There is
growing evidence from human studies suggesting that the absorp-
tion and bioavailability of specific polyphenols is much higher than
originally believed [6].

The use of dietary supplements enriched with antioxidants
is becoming increasingly popular, which raises concerns about
the possible interactions of polyphenols with therapeutic drugs,
because both are xenobiotics and share at least partially the same
metabolic pathways. A number of in vitro studies have shown
the effects of polyphenols on cytochrome P450 monooxygenases,
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phase II conjugation enzymes, and membrane transporters
involved in drug excretion [7,8]. Some investigations have also
reported that flavonoids and drug-flavonoid interactions can
change drug bioavailability. Thus, the uncontrolled intake of antiox-
idants in the form of dietary supplements or plant extracts is a
serious concern for consumer safety [9]. Because there are many
biological activities attributed to the polyphenols, some of which
could be beneficial or detrimental depending on specific circum-
stances, further laboratory and clinical studies are warranted.

Therefore, there is a need for a rapid and sensitive analyti-
cal method that can simultaneously quantify both [3-blockers and
polyphenols in biological samples.

Different analytical methods have been reported for the analysis
of some cardiovascular drugs in biological samples such as plasma,
urine, and body tissue. These methods include high performance
liquid chromatography (HPLC) coupled to mass spectrometry (MS)
[10-12]; tandem MS/MS [13-15]; diode array detection (DAD)
[16,17]; fluorimetric (FLD) [17] and electrochemical detection
(ECD)[18]; gas chromatography (GC) although this technique often
requires derivatisation [19,20]; and capillary electrophoresis (CE)
[21].

There are several reports of analytical techniques used for the
quantification of polyphenols in biological samples. HPLC with
UV [22,23] or electrochemical [24,25] detection has been used,
in addition to capillary electrochromatography for the deter-
mination of trace polyphenols in biological samples [26]. Gas
chromatography-mass spectrometry (GC-MS) has been used as
a sensitive analytical technique for polyphenol analysis [27], but
LC-MS/MS has become the method of choice due to its high sensi-
tivity, selectivity and easy sample preparation [28-30].

Initially a quantitative ultra-performance liquid chromatogra-
phy method with UV detection (UHPLC-UV) for the simultaneous
determination of 5 [3-blockers, 6 isoflavones and 11 metabolites
[31] and gas chromatography method with MS detection (GC-MS)
[32] was developed, as an alternative analytical method for deter-
mination of drugs, polyphenols and metabolites. However, this
method is not sufficient as an ever-increasing number of com-
pounds need to be analysed in the laboratory.

Therefore, the aim of this study is the development of an
analytical method for the simultaneous determination of drugs
and polyphenols and their metabolites in human urine. Lig-
uid chromatography-tandem mass spectrometry (LC-MS/MS) was
selected as the analytical method of choice due to the need for sensi-
tivity and selectivity and the fact that LC-MS/MS offers convenient
sample preparation without derivatisation. In this study a rapid
UHPLC-MS/MS method for the simultaneous quantification of 52
compounds in urine was described, making this assay suitable for
the high-throughput analysis of 3-blockers and polyphenols and
their metabolites.

2. Experimental
2.1. Chemicals and reagents

The polyphenols used were chrysin (CHS) (internal standard;
IS), (&)-catechin hydrate ((£)-CA), (—)-epicatechin ((—)-EC), rutin
(RUT), hesperetin (HST), quercetin dihydrate (QUE), quercitrin
(QUR), (&)-naringenin ((£)-NAR), hesperidin (HSD), neohes-
peridin (NHSD), kaempferol (KAM), apigenin (AP), isorhamnetin
(ISO), (—)-epigallocatechin gallate (EGCG), (—)-epicatechin gal-
late (ECG), pinocembrin (PIN), myricetin (MYR), puerarin (PUR),
genistein (GT), daidzein (DA), biochanin A (BIO), glycitin (GLY),
3-hydroxybenzoic acid (3-HBA), benzoic acid (BA), caffeic acid
(CA), 3,4-dihydroxybenzoic acid (3,4-DHBA), hippuric acid (HA),
a-hydroxyhippuric acid (a-HHA), 4-hydroxybenzoic acid (4-HBA),

3,4-dihydroxy-phenylacetic acid (DOPAC), 3-hydroxyphenylacetic
acid (3-HPA), p-coumaric acid (p-COA), vanillic acid (VA), 4-
hydroxy-3-methoxyphenylacetic acid (HVA), and ferulic acid
(FA); these were purchased from Sigma Chemicals (St. Louis,
MO, USA) and Aldrich Chemicals (Milwaukee, WI, USA). The
[3-blockers used were milrinone (MIL), sotalol hydrochloride
(IS) ((£)-SOT), metoprolol (+)-tartrate salt ((+)-MET), propra-
nolol hydrochloride ((£)-PRO) and -glucuronidase/sulfatase
(crude solution from Helix pomatia, type HP-2, G7017), and
they were purchased from Sigma Chemicals (St. Louis, MO,
USA) and Aldrich Chemicals (Milwaukee, WI, USA). Carvedilol
(CAR) and the [-blocker metabolites 4-hydroxypropranolol
hydrochloride (4-HPRO), «a-hydroxymetoprolol (a-HMET),
O-desmethylmetoprolol  (O-DMMET), 0O-desmethylcarvedilol
(O-DMCAR), and 5’-hydroxycarvedilol (5-HCAR) were pur-
chased from Toronto Research Chemicals (North York, Canada).
Glycitein (GLC) and some metabolites, including dihydrogenistein
(DHGT), dihydrobiochanin A (DHBIO), dihydrodaidzein (DHDA),
desmethylglycitein (DMGLC), 8-hydroxydaidzein (8-HDA), 8-
hydroxygenistein (8-HGT), 2’-hydroxybiochanin A (2’-HBIO),
and daidzein-7,4'-diglucoside (Glu-DA) were purchased from
PLANTECH (UK, England). The sodium acetate buffer (pH 4.66),
ascorbic acid, phosphate buffer (pH 2.4), formic acid, hypergrade
acetonitrile, water and methanol for LC-MS were obtained from
Merck (Darmstadt, Germany).

2.2. Preparation of the standard solution and quality control
samples

Standard stock solutions at a concentration of 1 mgmL~! were
prepared in methanol for each analyte separately. From these stock
solutions, a working solution containing adequate concentrations
of all the analytes in methanol was spiked into the urine samples.

The calibration standards (CS) and quality control (QC) sam-
ples were prepared by spiking a pool of drugs and polyphenols
(the working solution) into human urine and diluting it sev-
eral times to make standards covering the desired concentration
range. The calibration standards were made at a concentration
of 0.08-1000ng mL~! for the drugs and 0.1-2300ngmL~! for the
polyphenols. The quality controls (QC) were prepared at four
different concentration levels: the lower limit of quantification
(LLOQ) (0.01-0.40ngmL-! for the drugs and 0.05-40.0ngmL~!
for the polyphenols), the low concentration quality control (LQC)
(0.1-0.8ngmL-! for the drugs and 0.8-80.0ngmL-! for the
polyphenols), the medium concentration quality control (MQC)
(10.0-60.0ng mL~! for the drugs and 60.0-300.0ngmL~! for the
polyphenols) and the high concentration quality control (HQC)
(250.0-500.0 ng mL~! for the drugs and 500.0-1000.0 ng mL~! for
the polyphenols).

2.3. Instrumentation and analytical conditions

The analysis was performed using a Dionex UHPLC system
(Dionex Corporation, Sunnyvale, CA, USA) consisting of an UltiMate
3000 RS (Rapid Separation) pump, an UltiMate 3000 autosampler,
an UltiMate 3000 column compartment with a thermostable col-
umn area, and an UltiMate 3000 variable wavelength detector, all
of which were operated using the Dionex Chromeleon™ 6.8 soft-
ware. Chromatographic separations were performed on a Hypersil
GOLD™ (Thermo Scientific) column (100 mm x 2.1 mm, 1.9 um)
with a guard column of the same material (4 mm x 2.1 mm). The
column was thermostated at 25 °C, and samples were kept at 5°C
in the autosampler. The mobile phase consisted of acetonitrile
(solvent A) and 0.1% aqueous formic acid (solvent B) using a gra-
dient elution with the following parameters: 0-1min, 5-15% A
(0.65mLmin~1); 1-2.5min, 25% A (from 0.65 to 0.7 mLmin~1);
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2.5-3min, 25% A (from 0.7 to 0.65mLmin~!); 3-4min, 30% A
(0.65mLmin~1); 4-5min, 35% A (0.65mLmin~'); 5-6 min, 38% A
(from 0.65 to 0.7 mLmin~!); 6-8 min, 70% A (0.7 mLmin~'); or
8-10min, 5% A (from 0.7 to 0.65 mLmin—1).

The UHPLC system was connected to a 4000 Q TRAP triple
quadrupole linear ion trap mass spectrometer (Applied Biosys-
tems/MDS SCIEX, Foster City, CA, USA), controlled by the Analyst
1.4 software. The TurbolonSpray source system equipped with an
electrospray ionisation source (ESI) was operated in negative- and
positive-ion mode.

The operating parameters of the ion source, including the
source-dependent and the compound-dependent ones, were opti-
mised to obtain the best performance from mass spectrometer for
the analysis of drugs, antioxidants and metabolites. The source-
dependent parameters for all analysed compounds were consisted
of the nebulizer gas, the curtain gas, the collision gas, the ion-
spray voltage, and the temperature of the heater gas. The detector
conditions were as follows: ion spray voltage at 4000V, source
temperature at 650°C, ion source gas 1 (GS1) at 90psi and ion
source gas 2 (GS2) at 60 psi, and curtain gas at 10 psi. High-pressure
nitrogen was used as the ion source gas, curtain gas, and colli-
sion gas. The collision activated dissociation (CAD) gas was set
at medium using nitrogen as the collision gas. The compound-
dependent parameters were also tuned for individual analytes to
achieve the highest instrument response. Compound-dependent
parameters were established using the injection of various stan-
dard solutions at a concentration of 300 ng mL~! into the ion source
using a Harvard syringe pump at a flow rate of 10 wL min—!. Contin-
uous mass spectra were obtained by scanning from 50 to 800 m/z.
To get good sensitivity and peak shape, a product ion was selected
for the optimisation of the MS parameters (i.e., declustering poten-
tial (DP), entrance potential (EP), collision energy (CE), and collision
cell exit potential (CXP)).

Analysis was performed in selected reaction monitoring mode
(SRM), using the precursor ions and the corresponding product
ions. Three transitions were chosen for each drug, polyphenol and
metabolite according to the European Union (EU) criteria of one
precursor ion and two product ions. One of two product ions is
the quantitative ion and the other is the qualitative ion for each
compound.

2.4. Sample preparation

Urine samples were obtained from 32 patients who were on a
diet rich in antioxidants and who were treated with propranolol or
metoprolol. This study was approved by the Institutional Review
Board of Regional Specialist Hospital (Wroclaw, Poland). The blank
urine sample was collected before the patients had taken the drugs.
Urine samples were stored in the freezer at —20°C.

2mL sample of the human urine was transferred to a 10 mL
Eppendorf cup and spiked with 10 wL of 2.5 wgmL~! IS solution
(sotalol and chrysin). Protein precipitation was carried out using
1.5mL acetonitrile and 1.5mL methanol, and a universal cen-
trifuge Z 323K (Hermle Labortechnik GmbH, Germany) was used
for centrifugation of the urine samples. After vortexing, mixing, and
centrifugation for 15min at 6500 rpm at room temperature, the
supernatant was transferred to a glass vial and incubated with a
mixture of 100 L sodium acetate buffer (pH 4.66), 100 L 0.1 M
ascorbic acid and 50 wL B-glucuronidase/sulfatase (crude prepara-
tion from H. pomatia) for 18 h at 37 °C [23]. Next, the sample was
diluted with 0.5 mL phosphate buffer (pH 2.4) and filtered through
a 0.2-pm membrane filter. Afterwards, the sample was transferred
to a 5mL volumetric flask, filled with a mixture of 0.1% formic
acid:acetonitrile (95:5, v/v) to the mark and vortexed. From this

solution, 5 pL of aliquots were injected into the UHPLC-ESI-MS/MS
system for analysis.

2.5. Method validation

A full validation according to FDA guidelines and matrix effect
were performed for the assay in human urine [33,34].

To investigate the selectivity of this method, blank urine sam-
ples from six volunteers were pre-treated and analysed. The
chromatogram from each blank urine sample was compared with
that of the corresponding urine sample spiked with drugs, polyphe-
nols and metabolites. For method to be sensitive enough, the
response from the different analytes in the spiked urine samples
at the LLOQ concentration should be at least five times that of the
baseline noise in the blank urine samples.
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Fig. 1. Proposed structures for ions formed during MS/MS experiments on: (A)
propranolol (PRO) [30] and (B) quercetin (QUE) [31].
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Linearity was assessed by assaying calibration curves in
urine at eight concentration levels (concentration of [3-blockers
and their metabolites in range: (1) 1000-800ngmL~!, (2)
700-600ngmL~!, (3) 500-400ngmL-!, (4) 250-200ngmL~!,
(5) 100-50ngmL-!, (6) 10-5ngmL-!, (7) 1-0.5ngmL-!,
and (8) 0.15-0.08ngmL-!; concentration of polyphenols
and their metabolites in range: (1) 2300-2000ngmL-!, (2)
1900-1500 ng mL-1, (3) 1400-800 ng mL~1, (4) 500-250 ng mL™1,

(5) 100-40ngmL-!, (6) 20-5.0ngmL~!, (7) 3-0.8ngmL~!, and
(8) 0.7-0.1 ngmL~1). Calibration curves were built by plotting the
corrected areas (analyte area/IS area) for each concentration level
versus the nominal concentration of each calibration standard.
Considering the large concentration ranges for several analytes,
a 1/x statistical weight was applied to obtain the most reliable
calibration curves. The acceptance criteria for a calibration curve
were a correlation coefficient (r2) of 0.992 or better and each

Table 1

Selected reaction monitoring (SRM) analysis conditions for the determination of drugs and polyphenols and their metabolites.
Analyte t:2 (min) Q1° (m/z) Q3¢ (m/z) DP4 (V) EPe (V) CEf (V) CXP8 (V)
Drugs and their metabolites
MIL 0.61 209.9 165.6 -125 -5 -38 -9
SOT (IS) 1.69 273.1 255.0 56 -3 17 8
a-HMET 2.19 284.1 116.0 71 -5 27 8
O-DMMET 2.28 254.0 116.1 66 -5 27 8
MET 3.36 268.1 116.1 61 -5 27 8
4-HPRO 349 275.8 116.0 41 -3 25 8
PRO 5.06 259.9 116.1 66 -3 27 8
5-HCAR 5.20 423.0 99.9 86 -5 43 6
0-DMCAR 5.86 393.0 209.9 81 -5 31 10
CAR 6.40 407.1 99.9 76 -5 43 6
Polyphenols and their metabolites
3,4-DHBA 1.51 152.9 108.9 —45 -3 -20 -7
a-HHA 1.68 193.9 72.7 -25 -5 -12 -1
DOPAC 1.82 166.9 122.7 -25 -5 -12 -9
Glu-DA 2.07 613.0 414.7 -60 -5 -26 -9
4-HBA 2.15 136.9 92.8 —45 -3 -18 -5
(£)-CA 2.25 288.9 108.8 -70 -5 -34 -3
HA 2.30 177.9 133.7 -50 -3 -16 -7
VA 2.39 166.8 122.7 -50 -3 -16 -7
CA 2.46 178.9 135.2 -60 -3 -20 -3
PUR 247 4154 294.8 —-60 -5 -32 -3
HVA 2.57 180.8 136.8 -35 -5 -10 -9
3-HBA 2.58 136.9 92.6 -55 -3 -18 -5
3-HPA 2.60 150.9 107.7 -25 -5 -10 -5
(—)-EC 2.64 288.9 108.8 -70 -5 -34 -5
(—)-EGCG 2.69 456.9 168.7 -75 -5 -26 -3
GLY 2.93 445.0 281.5 -80 -9 -36 -5
p-COA 3.01 162.9 118.6 -50 -5 -18 -5
RUT 3.21 609.0 299.7 -70 -5 -56 -5
FA 3.26 192.9 134.2 —45 -5 -22 -7
(—)-EGC 3.34 441.0 168.6 -75 -5 -26 -3
8-HDA 3.37 268.9 168.8 -70 -5 -34 -5
DHDA 3.39 254.9 148.8 -70 -5 -28 -1
QUR 3.73 446.9 300.2 -70 -5 -36 -5
BA 3.78 120.9 76.8 —40 -15 -16 -1
HSD 3.84 609.0 300.7 -70 -5 -38 -7
MYR 3.98 316.8 150.7 -60 -5 -36 -7
NHSD 4.02 609.0 300.6 -80 -7 -40 -7
DMGLC 4.05 268.9 239.9 -60 -5 -40 -5
8-HGT 4.13 284.9 240.8 -70 -5 -26 -9
DA 4.64 2529 1323 -60 -3 —46 -3
GLC 4.92 2829 267.7 -70 -5 -26 -5
QUE 5.06 300.9 150.7 -70 -5 -32 -5
GT 5.85 268.9 132.7 -60 -3 —42 -3
(£)-NAR 5.87 270.9 118.7 -60 -10 -28 -3
DHGT 5.88 270.9 164.7 -70 -5 -32 -7
AP 5.91 269.0 116.6 -60 -5 —48 -3
KAM 6.03 284.8 117.1 -60 -3 -38 -3
HST 6.14 300.9 163.7 -70 -10 -34 -3
1SO 6.16 314.9 299.6 -60 -5 -32 -3
2'-HBIO 6.77 298.9 283.6 -70 -5 -30 -9
DHBIO 7.74 2849 150.9 -70 -5 -36 -9
CHS (IS) 7.80 252.9 142.8 -60 -5 -40 -3
PIN 7.91 254.6 150.7 -65 -3 -30 -3
BIO 7.98 282.9 267.9 -70 -5 -32 -3

2 Retention time.

b Precursor ion.

¢ Fragment ion.

d Declustering potential.
¢ Entrance potential.

f Collision energy.

& Cell exit potential.
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back-calculated standard concentration being within 15% devia-
tion from the nominal value except at the LLOQ concentration, for
which the maximum acceptable deviation was set at 20%.

The sensitivity was expressed as the LLOQ and defined as the
lowest concentration on the calibration curve. The signal to noise
ratio corresponding to the LLOQ was required to be higher than 10.

Accuracy and precision were assessed by analysing QC sam-
ples using six replicates at the LLOQ and low, middle and
high concentration levels (LLOQ: 0.01-0.40ngmL~! for the drugs
and 0.05-40.0ngmL-! for the polyphenols, LQC: 0.1-0.8 ng mL~!
for the drugs and 0.8-80.0ngmL-! for the polyphenols, MQC:
10.0-60.0ngmL-! for the drugs and 60.0-300.0ngmL-! for
the polyphenols, HQC: 250.0-500.0ngmL~! for the drugs and
500.0-1000.0 ng mL~! for the polyphenols). Precision is expressed
by the relative standard deviation (RSD) between the replicate mea-
surements. Accuracy is defined as the relative error (RE), which is
calculated using the formula RE(%) = [(measured value — theoretical
value)/theoretical value] x 100. Intra-day precision and accuracy
were assessed by processing the aforementioned samples (n=6)
and analysing them on the same day. Inter-day precision and accu-
racy were assessed by processing the aforementioned samples
(n=6) on five different days.

Extraction recoveries of the analytes at the LLOQ and the three
QC levels (low, medium, and high - the same concentration lev-
els which were used for determining the accuracy and precision)
were evaluated by determining the peak area ratios of the ana-
lytes in the post-extraction spiked samples to those acquired from
the pre-extraction spiked samples. Matrix effects were measured
by comparing the peak areas of the analytes dissolved in the pre-
treated blank urine with those from the pure standard solution
containing equivalent amounts of the analytes. The LLOQ sample
and the three QC samples of different compounds were evaluated
by analysing six samples at each level for both the extraction recov-
ery and the matrix effect.

The stability of the analytes in human urine was assessed by
analysing QC samples at four concentration levels under four dif-
ferent conditions. The short-term stability was determined by
analysing untreated QC samples stored for 12 h at room temper-
ature. The long-term stability was assessed after the untreated QC
samples were stored at —20°C for 30 days. The freeze-thaw sta-
bility was determined after three freeze-thaw cycles (—20°C to
room temperature as one cycle). The post-preparative stability was
measured by analysing QC samples kept under the autosampler
conditions (5°C) for 24 h. All the stability studies were done with
six replicates.

3. Results and discussion
3.1. Optimisation of UHPLC-MS/MS condition

UHPLC with MS/MS detection was selected as the method of
choice for assaying drugs and polyphenols and their metabolites
simultaneously in human urine. Main challenge was developing a
simple and reproducible method that gave good peak shapes with
low baseline noise and a high recovery. To meet this challenge, the
mass spectrometry parameters and chromatographic conditions
had to be adjusted.

The mass spectrometric behaviour of all analytes was studied
using both positive- and negative-ion ESI. Optimisation of the mass
spectrometric conditions was carried out by injecting the standard
solutions and manually increasing the sample collision energy to
achieve maximised sensitivity for the molecular ions [M—H]~ of
polyphenols and [M—H]* of drugs. On average, positive-ion ESI
showed 2-3 times better sensitivity than negative-ion ESI for of
[3-blockers and their metabolites; thus, the positive-ion mode was

used for the detection of these drugs. In this experiment, was dis-
covered that the negative-ion mode was more sensitive for the
detection and analysis of polyphenols and their metabolites. The
positive-ion mode was also tested, but the sensitivity obtained
was not satisfactory for all polyphenols and their metabolites.
Polyphenols do not contain nitrogen atoms, and for this reason, the
formation of protonated molecules [M+H]* is lower in positive-ion
ESI than in negative-ion ESI.

Crucial parameters such as temperature, voltage, ionisation
mode, nebulizer gas, heater gas, declustering potential, entrance
potential, collision energy (CE) and collision cell exit potential (CXP)
were optimised by flow injection analysis (FIA) to obtain better ion-
isation. The selected reaction monitoring mode (SRM) was used to
enhance the sensitivity and selectivity of detection and to monitor
each compound. Table 1 shows the optimum MS/MS conditions for
all analytes.

As an example, the fragmentation pattern of PRO is shown in
Fig. 1A. Under conditions two of the most abundant product ions
observed were m/z 116 and m/z 183, with the former corresponding
to the side chain with the loss of 1-naphthol and the latter resulting
from neutral losses of water and C3HgN, the chemical formula of
isopropylamine. Further fragmentation of PRO leads to the forma-
tion of ions withm/z 165, m/z 155 and m/z 141, corresponding to the
loss of water, carbon monoxide and ketene, respectively. Another
product ion from the fragmentation of the unlabeled PRO ion had
am/z of 157, indicating that the C3 of the side chain and the ether
oxygen must be retained in this fragment [35].

The MS/MS product ions obtained from the [M-H]~ ion
of QUE are presented in Fig. 1B. Losses of carbon monoxide
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Fig. 2. UHPLC-MS/MS chromatograms obtained from a mixed standards solution
containing: (A) drugs and their metabolites and (B) polyphenols and their metabo-
lites, based on quantifying MS-MS transitions. Positive (A) and negative (B) ion
electrospray ionisation tandem mass spectrometry was applied for detection of
selected analytes in mixture 52 compounds (retention times of all analytes were
placed in Table 1).
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[M—H-CO]~ (m/z273) and carbon dioxide [M—H—-CO, ]~ (m/z257)
were observed. Further losses of CO, and CO from [M—-H-CO]~ and
[M—H-CO,], respectively, gave rise to the resonance-stabilised
ion [M-H-CO,-CO]~ (m/z 229). For QUE, the proposed fragmenta-
tion scheme shows that the retrocyclisation pathway affects bonds
1 and 2, leading to 2A~ and 2B~ fragments at 179 and 121 m/z.

A
) 4 004,
BLANK URINE SAMPLE
mfz269.9 — miz116.0
2
g
2
4 2.004]
]
E
ool ’
-0 .0 20 30 40_ 50 60 70 80 90 100
Time, min
(B) 1,404
BLANK URINE SAMPLE
o miz259.9 — miz 116.0
g
&
7 7.0e3
@
E
L 1.0 20 30 40_ 50 60 70 80 90 100
Time, min
(€)4.6e3
BLANK URINE SAMPLE
" mE2309.9 — miz163.7
-3
@
g
@ 8.0e2]
@
£
.,,.,.MAMMMM
10 20 30 40 Y 60 7.0 €0 90 10.0
Time, min
(D)Uie:i
BLANK URINE SAMPLE
" miz3149 — m/iz299.6
a
)
&
@ 8.0e2
@
E
0.0 AR AM. A
b 10 20 30 40_ 50 60 70 80 90 100
Time, min
(B) 2. 6e5
BLANK URINE SAMPLE
w mfz 166.9 — mf2122,7
a
g
&
£ 1.2e5
E
o0 AN Aa
- 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Time, min
(F) 5504
BLANK URINE SAMPLE
" miz 180.8 — miz 136.6
a
]
2
E?.Uﬂ
=
0.0 —.A

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Time, min

This '2A- diagnostic ion undergoes further loss of CO, giving rise to
a 2A- —COion at an m/z of 151. Another further loss of CO, leads
toa 12A- -CO-CO, ion at an m/z of 107 [36].

Different dwell times (from 50 to 250 ms) were used to find
the best detection parameters for obtaining a sufficient number
of data points across the peak. Negligible differences were found
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Fig. 3. Typical SRM chromatograms of: (A-F) blank urine sample and (A’-F’) analytes in human urine samples collected after the oral administration of propranolol and of

antioxidants with diet and supplements.
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at low dwell times. An optimum dwell time of 75 ms was selected,
resulting in at least 10 points per peak, and using this dwell time
gavereproducible results for determination and confirmation. Fig. 2
shows a representative chromatogram obtained from the mixture
of 52 standards, using the conditions described in Section 2. The
positive ion mode was used for the detection of selected drugs
and their metabolites (Fig. 2A), while negative ion mode for detec-
tion of antioxidants and their metabolites (Fig. 2B) in the mixture.
Complete resolution between the [(3-blockers, and polyphenols
and their metabolites was not achieved in the chromatogram,

Table 2

but this can be resolved using MS/MS detection due to its high
specificity.

To separate the selected compounds and allow for an optimum
response during MS/MS detection, a gradient elution was used,
using acetonitrile and an aqueous solution of formic acid (0.1%) as
mobile phase components. Concentrations of formic acid additive
from 0.05% to 0.30% (v/v) were evaluated. When formic acid is less
than 0.1% (v/v), the formation of [M+formate]~ adducts is difficult.
However, higher formic acid concentrations can cause ion-masking
and suppress the ionisation efficiency. Mobile phases consisting

Calibration curves and the LLOQs, precision (intra-day and inter-day), accuracy (intra-day and inter-day), recovery (Rec.), and matrix effects (M.E.) for the determination of
drugs and antioxidants and their metabolites in urine (values obtained from three different concentrations and shown as the average +SD?; n=6).

Analyte Linear range (ng mL~1) LLOQ (ngmL~') Intra-day Inter-day Rec. (%) M.E. (%)
RSDP (%) REC (%) RSDP (%) RE€ (%)
Drugs and their metabolites
MIL 0.50-1000 0.40 4.06 + 1.86 —2.65+1.13 443 £0.76 -1.71+1.39 92.69 + 1.02 11.70 + 4.76
o-HMET 0.08-500 0.01 2.82 +1.74 —0.67 + 0.41 4.08 £3.32 -2.20+491 95.13 + 3.42 4.56 + 2.02
O-DMMET 0.10-500 0.03 3.35+ 048 0.83 + 3.12 348 £ 059 —-1.49 +£2.93 94.10 + 3.30 —0.80 + 1.27
MET 0.08-400 0.01 2.46 + 0.71 —0.23 £ 1.66 3.02+0.58 1.99 + 5.56 97.50 + 3.51 11.47 £ 0.05
4-HPRO 0.15-650 0.04 2.89 + 0.42 -1.83 £2.76 3.48 + 2.56 1.04 +2.47 96.68 + 1.74 13.54 +2.34
PRO 0.08-450 0.02 3.20 £ 0.19 1.52 + 1.74 3.45 + 0.80 1.53 +£1.58 96.90 + 0.80 —7.47 + 0.62
5-HCAR 0.15-650 0.03 2.76 £ 1.08 1.61 +£ 1.54 3.96 + 245 1.73 £ 1.77 96.13 + 1.76 11.86 £ 045
O-DMCAR 0.12-600 0.02 2.04 +1.29 1.35 £ 1.30 2.75 + 0.88 1.29 £ 1.24 102.72 + 4.48 9.02 + 0.13
CAR 0.10-500 0.02 492 +0.73 0.55 + 2.25 5.14 + 1.83 2.23 +£ 231 102.18 + 2.78 0.57 + 1.30
Polyphenols and their metabolites
3,4-DHBA 0.80-1100 0.60 218 +£ 1.11 -1.05 + 1.28 4.22 +2.55 0.59 + 3.21 91.76 + 1.11 3.67 + 1.26
a-HHA 8.0-1900 5.00 4.59 + 2.21 -2.19 £ 1.54 479 £0.76 —-4.21+1.69 94.65 + 1.31 —3.10 + 2.56
DOPAC 20.0-2000 10.00 3.46 + 2.57 —-0.91 £ 0.79 500 +0.13 -1.06 +1.20 91.98 + 2.01 029 + 242
Glu-DA 0.90-1500 0.60 3.09 + 1.54 -0.08 + 1.76 4.08 £1.90 -0.89 +0.37 93.06 + 1.86 6.03 + 2.05
4-HBA 8.00-1000 5.00 3.83 +1.89 —2.70 + 2.07 4.50 £ 0.61 -1.81+0.68 91.77 + 0.62 521+ 023
(£)-CA 0.40-1100 0.30 244 +£1.12 -1.45+1.92 516 £ 031 —-4.07 +£1.51 92.25 + 2.17 14.70 + 2.58
HA 1.00-1200 0.80 4.84 + 1.96 -1.94 + 1.87 476 £0.94 -271+1.35 92.61 + 1.81 1.13 £ 0.89
VA 60.0-2100 40.00 3.52 +2.03 —2.60 + 1.58 633 +£0.88 -2.12+0.77 91.54 £ 0.11 0.11 + 1.78
CA 1.20-1000 1.00 3.55+2.13 —1.46 + 1.81 462 +£234 -228+232 91.80 + 0.81 2.07 £0.17
PUR 0.16-1200 0.12 324+ 1.84 -1.99 + 1.83 7.86 £522 -1.88 +3.85 93.82 + 0.62 5.80 + 1.38
HVA 20.0-2300 15.00 3.00 + 1.09 -1.66 + 0.60 4.02 +£0.24 -1.52+1.09 90.29 + 0.17 0.17 + 3.35
3-HBA 1.00-1000 0.80 3.53 +2.21 —2.22 £ 0.38 431 +1.84 -1.65+2.23 92.16 + 2.05 2.02 +£0.18
3-HPA 60.0-2200 40.00 237 £1.01 —-1.35 +0.99 5.54 +0.33 1.57 + 4.86 91.34 + 0.81 032 + 4.76
(—)-EC 0.16-1000 0.10 1.89 £ 0.61 0.14 + 1.96 413 £0.96 -0.10 &+ 1.77 91.80 + 2.74 5.84 + 1.78
(—)-EGCG 0.50-1300 0.40 2.13 £ 0.81 —0.76 + 1.94 427 £1.42 -0.37 £+ 2.00 92.42 + 0.65 —3.44 + 4.08
GLY 0.50-1200 0.40 4.10 + 2.70 -2.07 £2.77 510 +243 -128+1.21 90.87 + 0.38 14.98 + 1.05
p-COA 8.00-1000 5.00 443 +2.65 —2.80 +2.46 475 £2.06 -2.79 +2.77 92.72 + 2.09 3.10 + 1.58
RUT 0.16-1000 0.10 1.93 £ 1.36 -0.23 +2.67 482 +£2.53 -219+0.52 92.64 + 1.73 311 +1.17
FA 0.40-1300 0.20 4.01 + 1.84 -1.13 £ 1.40 529+ 156 -1.37 +1.97 92.91 + 0.66 3.43 + 0.87
(-)-EGC 0.50-1400 0.40 3.30 £ 2.11 —2.66 + 2.86 454 £2.05 -1.60+3.11 91.53 + 145 -7.14 £ 0.76
8-HDA 0.30-1000 0.20 332+ 1.17 -1.06 + 0.48 4.18 £1.60 —1.08 + 3.02 92.18 + 1.01 6.35 + 0.53
DHDA 0.10-900 0.08 4.79 + 2.28 —2.76 £ 2.17 599 +229 440+ 0.92 92.91 + 0.94 1.92 + 0.58
QUR 0.16-1000 0.12 247 +£1.82 0.12 + 0.97 449 +£1.12 -0.93 +£ 0.59 92.89 + 0.59 7.02 £1.23
BA 1.00-1700 0.80 3.70 + 2.59 —2.62 + 2.68 483 +£235 -1.59+1.33 90.26 + 0.18 2.75 + 1.56
HSD 0.12-1000 0.08 3.37 £ 1.34 0.20 + 1.61 560+ 134 -0.17 +1.74 93.23 + 1.32 3.23 £ 0.56
MYR 0.40-1000 0.30 229 +£0.98 -3.23 £230 432 +152 -312+1.58 91.94 + 0.48 —8.97 £ 048
NHSD 0.12-1000 0.08 2.56 + 0.90 -1.13 £ 1.22 548 £1.70 -038 +3.23 94.27 + 1.83 2.43 + 0.97
DMGLC 0.70-1500 0.50 4.61 + 1.87 —2.31 £ 1.62 545 +090 —-2.49 + 230 90.93 + 1.35 6.68 + 1.17
8-HGT 0.50-1100 0.30 3.46 + 2.46 0.25 + 1.06 471 £156 -0.26 + 2.35 91.07 + 1.05 13.18 + 1.08
DA 0.20-1100 0.15 3.41 + 1.65 —1.62 +3.32 394 +1.73 -2.38 £4.09 91.46 + 1.50 2.86 + 1.60
GLC 0.80-1200 0.60 427 + 1.76 -1.72 £ 0.94 469 +£1.42 -270+2.22 92.12 + 2.44 10.61 + 2.41
QUE 0.40-1000 0.25 1.98 £ 0.90 —0.07 £ 2.73 3.44 £ 034 -0.25 + 3.06 94.73 + 0.92 9.54 + 1.06
GT 0.10-1000 0.08 3.30 + 2.84 -333+223 517 £239 -1.90 + 1.68 91.09 + 0.67 9.36 + 0.14
(£)-NAR 0.10-950 0.05 3.13 +1.63 —241 £ 1.61 576 +£ 147 -1.42+239 93.60 + 1.98 2.82 + 1.15
DHGT 0.16-850 0.12 3.05 +2.15 —0.30 + 2.89 3.89 +2.16 0.34 + 2.01 92.36 + 0.67 1.21 £0.33
AP 0.12-1000 0.08 3.79 +2.38 -1.11 £ 1.88 4.01+212 -094+1.93 92.67 + 1.14 6.68 + 0.30
KAM 0.16-1000 0.10 2.86 + 1.27 -1.79 £ 2.24 441 +£276 -142+134 92.58 + 0.74 431 +0.14
HST 0.16-1000 0.12 2.83 + 1.79 -2.32 +£3.36 376 +£1.62 —-1.84 +2.67 96.05 + 1.13 11.20 + 0.17
ISO 0.30-1100 0.20 341 + 141 —2.29 +£2.80 449 +£1.46 -3.33+1.93 93.12 + 1.50 16.53 £ 0.72
2'-HBIO 0.12-1000 0.08 4.85 +2.93 —242 +1.83 537 £253 -1.04 +0.64 91.52 + 0.95 5.54 + 0.09
DHBIO 0.10-800 0.07 440 +2.23 0.66 + 1.39 5.00 + 2.34 0.60 + 2.09 91.50 + 1.36 2.08 + 0.24
PIN 0.12-1000 0.08 312+ 1.74 —2.07 £ 1.37 518 £3.15 -0.15+ 1.38 93.24 + 0.76 441 +2.27
BIO 0.10-800 0.05 3.84+ 123 -276 £1.15 407 £131 -2.98 + 0.90 91.38 + 0.43 7.84 £ 6.55

2 Standard deviation.

b Relative standard deviation.

¢ Relative error.
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of methanol, acetonitrile and different proportions of methanol
and acetonitrile were tested. A significantly higher response and
sharper peak shapes were obtained with an acetonitrile/water
mobile phase than with a methanol/water mobile phase. Therefore,
amixture of acetonitrile and water containing 0.1% (v/v) formic acid
was selected as the mobile phase. Other parameters such as flow
rate, column temperature, and injection volume were optimised
to achieve fast and reliable separation. A flow rate of 0.65-0.75 mL
min—! was used, with 25°C as the column temperature and 5 L
as the injection volume. Under these conditions, retention times
of the compounds in urine matrices were constant, ranging from
0.61 min for milrinone to 7.98 min for biochanin A, with a relative
standard deviation lower than 0.25%.

3.2. Method validation

Selectivity was studied by analysing six blank urine samples
from healthy volunteers. Method selectivity was determined by
comparing the SRM chromatograms of blank samples with those
from the spiked samples. The chromatograms did not show inter-
fering signals within the retention time of the chromatographic
peaks of the analytes and the internal standards, which could be
misinterpreted as the target compounds or could affect the bias of
the method (Fig. 3A). The results indicated that the method exhib-
ited good specificity and selectivity.

The calibration curve was linear over the concentration range
of 0.08-1000ngmL~! for B-blockers and their metabolites and

Table 3

Stability of drugs and antioxidants and their metabolites (values obtained from three different concentrations and shown as the average +SD?, n=6).
Analyte REP (%)

Autosampler Short-term Long-term Freeze-thaw cycles

Drugs and their metabolites
MIL —0.65 + 4.19 -3.52 + 3.08 -5.04 + 1.79 -4.78 £2.13
o-HMET -1.20 £ 0.92 -2.43 £ 0.51 —-1.68 + 3.60 —0.86 + 2.59
O-DMMET -1.03 + 1.50 -1.35 + 1.59 —3.85 +3.30 —2.80 +£ 048
MET -0.42 + 3.05 -1.68 + 1.99 -4.70 +£2.32 —1.86 + 0.89
4-HPRO 0.21 £ 0.70 -0.42 £ 0.94 -4.21 4+ 2.83 -1.71 £ 191
PRO -0.24 £ 1.74 -1.79 £ 0.34 -4.99 + 1.12 —-4.12 £ 1.49
5'-HCAR 0.89 + 1.23 -1.04 + 3.08 5.10 + 2.50 -1.17 £ 1.56
O-DMCAR -1.13 £ 1.93 1.22 £ 1.82 —2.65 + 2.09 1.29 + 1.67
CAR 1.58 + 2.50 -0.88 + 3.20 —4.64 + 3.42 1.89 + 6.37
Polyphenols and their metabolites
3,4-DHBA -1.62 £ 3.36 -2.78 £ 1.20 -6.99 + 1.58 —5.82 £ 0.80
a-HHA -3.19 £ 143 -3.50 + 1.92 -4.21 + 1.09 —4.50 + 1.34
DOPAC -1.17 £ 2.11 -1.90 + 3.74 -2.85+0.34 -3.84 £ 0.78
Glu-DA -1.87 + 3.67 -4.16 + 3.33 -6.12 £ 1.28 —6.49 + 1.47
4-HBA —1.06 + 1.96 —-2.78 + 1.49 —6.44 + 1.45 —6.76 + 1.39
(£)-CA -372+124 -2.50 +2.74 —7.93 + 3.05 -739 +1.42
HA -1.11 £ 2.14 -1.92 £ 2.94 —7.40 + 0.36 —3.98 £ 0.87
VA -1.63 £ 1.72 -2.33 £ 0.11 -5.24 + 1.83 —6.53 £ 2.07
CA —-1.30 £ 4.32 -1.52 £ 0.57 —6.03 + 1.87 —-3.99 + 1.88
PUR -3.36 + 1.89 -3.49 + 2.85 —3.81 +£ 2.05 —6.40 + 0.23
HVA -2.25+3.18 -3.13 £ 0.30 —6.27 + 0.61 —5.68 £ 1.99
3-HBA -1.19 £3.32 -3.17 £2.18 -3.38 £ 0.79 —4.90 + 1.18
3-HPA 0.17 £+ 3.06 -4.92 +1.20 —5.86 + 0.61 -4.56 + 1.74
(—)-EC -2.79 + 1.66 -0.95 + 3.78 -5.66 + 1.21 -6.37 £ 1.77
(—)-EGCG 1.18 + 1.98 1.93 + 3.07 —5.65 + 3.38 -7.17 £1.43
GLY -225+1.20 -2.61 +1.98 —5.06 + 0.53 -5.13 £ 045
p-COA -0.13 £ 2.56 -0.32 + 2.07 -6.42 + 0.95 —6.06 + 1.96
RUT -2.88 £ 2.57 -2.62 £ 2.55 —4.27 + 0.95 —7.83 £ 0.66
FA -1.73 £1.20 -2.10 £ 0.53 —5.86 + 2.54 —4.17 £ 1.68
(—)-EGC 0.93 + 4.58 -4.30 + 2.56 -4.39 + 0.82 -5.83 £ 1.87
8-HDA -1.76 £ 043 -2.07 £ 0.34 -2.82 £ 2.04 -5.48 £ 1.61
DHDA -1.27 £3.19 -3.83 £ 1.99 —6.65 + 2.87 —4.66 + 2.53
QUR 0.52 + 3.03 1.65 + 4.67 -3.45 +0.94 —6.86 + 1.56
BA —2.30 + 4.81 -3.64 + 2.02 -6.71 £ 1.36 —4.50 + 1.64
HSD -3.10 £ 2.94 -2.63 +3.27 —-7.80 + 1.81 —5.76 £ 1.56
MYR -212+1.30 -2.94 + 045 —6.64 + 2.01 —6.04 + 1.08
NHSD 1.01 £ 2.75 -1.07 £ 2.20 -5.31 £ 0.73 -7.30 £ 0.72
DMGLC -1.67 £5.18 —2.39 + 3.46 -4.21+1.71 -538 £2.18
8-HGT 0.69 + 2.65 —2.76 £ 2.59 —4.65 +2.17 —5.06 + 1.87
DA —0.68 + 3.22 -0.77 £ 3.76 -4.44 + 239 —7.22 £ 1.40
GLC -1.94 £ 3.71 -3.23 £ 2,51 -4.19 £ 2.53 -4.68 +2.21
QUE -2.56 + 3.11 -1.27 £ 2.80 —2.60 + 2.00 -5.81 £ 0.61
GT 0.86 + 2.63 -1.98 + 1.11 -4.64 +1.78 —6.39 + 0.59
(£)-NAR 0.60 + 4.61 1.51 + 445 —5.80 + 3.60 -7.53 £1.95
DHGT 0.56 + 4.58 —5.06 + 2.28 —6.88 + 1.49 -5.03 +2.27
AP 0.72 £ 2.24 2.59 +4.13 —3.26 + 1.85 —6.20 + 1.96
KAM —0.87 £ 2.43 0.96 + 1.86 -7.19 £ 1.58 —6.47 + 2.46
HST -1.38 £3.19 -1.51 £ 3.59 -3.95 + 1.13 —6.59 + 2.40
1SO -3.13 £ 1.63 -3.38 £2.79 -3.71 £ 1.16 -6.31 £ 1.05
2'-HBIO -2.26 + 1.68 -4.76 + 1.76 —8.48 + 0.95 -7.56 + 1.67
DHBIO -1.18 £2.35 -2.78 £ 3.44 -4.39 + 0.34 -338 £ 191
PIN —0.90 + 2.75 -2.05 + 1.37 -5.91 +£2.37 -6.14 £ 1.13
BIO -0.91 + 2.89 -3.62 + 2.62 —4.86 + 2.61 -5.10 + 1.86

@ Standard deviation.
b Relative error.
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0.10-2300 ng mL~" for polyphenols and their metabolites. The cor-
relation coefficients (r2) of the calibration curves were greater than
0.993. The LLOQ, defined as the lowest concentration analysed,
had an accuracy of 15% and precision of 15%. The results for the
LLOQ sample and the linearity of calibration curves for drugs and
polyphenols and their metabolites in human urine are summarised
in Table 2.

The intra-day precision ranged from 1.89 to 4.92%, and the mean
accuracy values ranged from —3.33 to 1.61% at the four concentra-
tion levels of the analysed compounds. The inter-day precision and
accuracy for the QC samples ranged between 2.75 and 7.86% and
—4.40and 2.23%, respectively. The results obtained for the intra-day
and inter-day accuracy (RE) and precision (RSD) are summarised
in Table 2 as the average values with the corresponding standard
deviations obtained for the four different concentration levels. The
data indicated that developed method has satisfactory accuracy,
precision and reproducibility.

The extraction recovery was determined in six replicates by
comparing the peak areas of the extracted urine at the LLOQ and the
low, medium and high concentrations with those obtained from a
direct injection of the standard solutions at the same concentra-
tions without extraction. The extraction recoveries of drugs and
their metabolites varied from 92.69 to 102.72%, and that of the
polyphenols and their metabolites ranged from 90.26 to 96.05%.
These data are summarised in Table 2. The extraction recovery of
[3-blockers and polyphenols and their metabolites in human urine
was consistent, precise and reproducible.

At the LLOQ and low, medium and high concentration levels,
the matrix effects on the analytes ranged from —8.97 to 16.53%.
The matrix effects from urine on each analyte are listed in Table 2.
These results indicated that there were minor to moderate matrix
effects for the analysis of compounds in urine.

The stability of drugs and polyphenols and their metabolites in
human urine at different temperatures for different durations was
evaluated. QC samples were subjected to short-term room temper-
ature conditions, long-term storage conditions (—20°C), and three
freeze-thaw cycles. All the stability studies were conducted at four
different concentration levels with six replicates each. The stabil-
ity results are summarised in Table 3. The data showed that there
was no significant degradation of the analysed compounds in urine
at room temperature for 12 h, during the three freeze-thaw cycles
and during storage in the autosampler for 24 h at 5°C. However,
[3-blockers and polyphenols and their metabolites were only sta-
ble in urine for approximately 30 days at —20°C. In all cases, the
concentrations of stored samples deviated from freshly prepared
samples by less than 8.5%.

3.3. Application to real samples

Following the optimisation and validation of the UHPLC-MS/MS
method, it was successfully used to analyse of cardiovascular drugs
and polyphenols and their metabolites in human urine samples col-
lected from 32 patients treated with metoprolol or propranolol and
after the ingestion of a food containing antioxidants. The samples
were analysed six times.

The metabolism of (3-blockers and polyphenols involves the
action of intestinal microflora (hydrolysis; demethylation) as well
as the modification by conjugating enzymes (phase II) and/or phase
I enzymes (reduction, hydroxylation). To obtain the free form of the
phase Il metabolites present in the human urine samples, hydrol-
yses were carried out. For this step, enzymatic hydrolysis with
B-glucuronidase/sulfatase (from H. pomatia) in an acetate buffer
(pH 4.66) was chosen.

Concentrations of the analysed compounds were calculated
using the relative calibration curves. The mean concentrations

Table 4

Concentration values for urine samples obtained from patients who were treated
with cardiovascular drugs and who consumed a food containing antioxidants
(shown as the average +SD?, n=6).

Concentration + SD? (ngmL~")

Drugs Their metabolites
PRO 25.72 + 0.041 4-HPRO 26.6 £ 9.9
MET 55.38 & 0.038 a-HMET 165 £ 7.8
O-DMMET 23.8 £2.0
Polyphenols Their metabolites
PUR 1.31 + 0.089 8-HDA 540 £ 1.2
GT 0.18 £ 0.011 8-HGT 332 +0.15
DA 0.21 £ 0.012 Glu-DA 2.50 £ 0.17
(£)-CA 18.17 £ 0.40 3-HBA 350+ 1.1
(—)-EC 21.85 +0.14 CA 231+£12
HST 1.22 + 0.041 3,4-DHBA 343 £20
QUE 12.76 £ 0.12 p-COA 492 £+ 0.16
ISO 7.27 £0.012 FA 27.32 +£0.20
a-HHA 7.90 £+ 0.35
BA 930 £ 29
HA 447.8 x 102 + 4.4 x 10?
4-HBA 278 £ 12
3-HPA 67.9 x 10% + 1.9 x 10?
VA 1183 £ 92
DOPAC 198 + 11
HVA 479 £ 30

@ Standard deviation.

of propranolol and metoprolol in human urine were
25.72+0.04ngmL-! and 55.38+0.04ngmL-!, respectively.
The urinary excretions for the metabolites of propranolol
were 26.56+9.88ngmL-! for 4-HPRO and for the metabo-
lites of metoprolol were 16.46+7.76ngmL~! for a-HMET and
23.85+1.99ngmL~! for O-DMMET. The urine samples were also
tested for antioxidants, which are components of supplements
and soy products, fruits, vegetables, tea. The mean concentrations
of polyphenols were summarised in Table 4. Representative SRM
chromatograms of an extract of a urine sample obtained after the
oral dosing of propranolol (10 mg) to a human are shown in Fig. 3.

These results demonstrate the importance of the developed
LC-MS/MS method for the quantification of [-blockers and
flavonoids and their metabolites in urine and can be used in
large population-based studies. The developed UHPLC-ESI-MS/MS
method can be used to monitor bioavailability of any of the stud-
ied drugs in the presence of antioxidants, which are components of
a diet and supplements. This method might provide a convenient
index of metabolism of compounds in urine and could be used to
explore the effect of dietary antioxidants on pathways involved in
drug metabolism.

4. Conclusions

In the present study, a UHPLC-ESI-MS/MS method has been
established, optimised, and validated for the reliable determina-
tion of B-blockers and polyphenols and their metabolites in human
urine. After optimisation of the MS/MS and chromatographic con-
ditions, the 52 compounds were separated and determined in less
than 10 min, and the developed method gave narrow peaks with
good peak symmetry. This method was successfully applied to the
detection and quantitation of the studied analytes in urine sam-
ples obtained from patients treated with of cardiovascular drugs
who have a diet rich in polyphenols and took orally administrated
polyphenol tablets.

Of course there is no need for the simultaneous determination
of all studied cardiovascular drugs because they are not simul-
taneously administered to the patient. However, thanks to this
method in the laboratory there will be no need to use differ-
ent methods, because application of this method makes possible
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of separation and determination of several cardiovascular drugs,
polyphenols and metabolites in the mixture in the same chro-
matography system. The developed UHPLC-ESI-MS/MS method
appears to be the first direct method for the analysis of the stud-
ied B-blockes and antioxidants and their metabolites. This method
can be applied in clinical and toxicological studies. Furthermore,
this new UHPLC-MS/MS method may be extended to determine
the pharmacokinetics of drugs and polyphenols and also to exam-
ine the interaction of (3-blockes and polyphenols in combination
therapy. Further study of these subjects is essential and will be
performed in laboratory in the future.

Acknowledgements

This project was supported from funds from the National
Science Centre (Poland). The research work was performed
with UHPLC-MS/MS equipment purchased under the BIO-FARMA
Project (Poland).

References

[1] G. De Backer, E. Ambrosioni, K. Borch-Johnsen, C. Brotons, R. Cifkova, ]. Dal-
longeville, S. Ebrahim, O. Faergeman, I. Graham, G. Mancia, V.M. Cats, K.
Orth-Gomér, J. Perk, K. Pyorild, J.L. Rodicio, S. Sans, V. Sansoy, U. Sechtem, S.
Silber, T. Thomsen, D. Wood, Atherosclerosis 170 (2003) 145-155.

[2] S.Bangalore, F.H. Messerli, ].B. Kostis, C.J. Pepine, J. Am. Coll. Cardiol. 50 (2007)
563-572.

[3] A. Scalbert, C. Manach, Ch. Morand, Ch. Rémésy, Crit. Rev. Food Sci. Nutr. 45
(2005) 287-306.

[4] M. Lépez, F. Martinez, C. Del Valle, M. Ferrit, R. Luque, Talanta 60 (2003)
609-616.

[5] S.Buratti, S. Benedetti, M.S. Cosio, Talanta 71 (2007) 1387-1392.

[6] B.H. Havsteen, Pharmacol. Ther. 96 (2002) 67-202.

[7] R.M. De Busk, Curr. Atheroscler. Rep. 2 (2000) 508-514.

[8] R. Cermak, Expert Opin. Drug Metab. Toxicol. 4 (2008) 17-35.

[9] R. Cermak, S. Wolffram, Curr. Drug Metab. 7 (2006) 729-744.

[10] E. Badaloni, I. D’Acquarica, F. Gasparrini, S. Lalli, D. Misiti, F. Pazzucconi, C.R.
Sirtori, J. Chromatogr. B 796 (2003) 45-54.

[11] S.Kawano, H. Murakita, E. Yamamoto, N. Asakawa, J. Chromatogr. B 792 (2003)
49-54.

[12] L. Kristoffersen, E.L. @iestad, M.S. Opdal, M. Krogh, E. Lundanes, A.S. Christo-
phersen, ]. Chromatogr. B 850 (2007) 147-160.

[13] R.S. Kadam, U.B. Kompella, J. Chromatogr. B 877 (2009) 253-260.

[14] O. Gonzalez, R.M. Alonso, N. Ferreirés, W. Weinmann, R. Zimmermann, S.
Dresen, ]. Chromatogr. B 879 (2011) 243-252.

[15] K.V. Gowda, U. Mandal, P.S. Selvan, W.D.S. Solomon, A. Ghosh, A.K. Sarkar, S.
Agarwal, T.N. Rao, T.K. Pal, ]. Chromatogr. B 858 (2007) 13-21.

[16] I. Baranowska, P. Markowski, J. Baranowski, Anal. Sci. 25 (2009) 1307-1313.

[17] 1. Baranowska, A. Wilczek, Anal. Sci. 25 (2009) 769-772.

[18] M. Maguregui, R.M. Alonso, R.M. Jiménez, ]. Chromatogr. B 674 (1995) 85-91.

[19] W. Liu, L. Zhang, Z. Wei, S. Chen, G. Chen, J. Chromatogr. A 1216 (2009)
5340-5346.

[20] L. Amendola, F. Molaioni, F. Botré, J. Pharm. Biomed. Anal. 23 (2000)
211-221.

[21] F. Behn, S. Michels, S. Léer, G. Blaschke, J. Chromatogr. B 755 (2001) 111-117.

[22] K.O.Chu, Ch.Ch. Wang, M.S. Rogers, K.W. Choy, Ch.P. Pang, Anal. Chim. Acta 510
(2004) 69-76.

[23] F.I Kanaze, E. Kokkalou, M. Georgarakis, I. Niopas, ]. Chromatogr. B 801 (2004)
363-367.

[24] B. Klejdus, J. Vacek, V. Adam, J. Zehndlek, R. Kizek, L. Trnkova, V. Kuban, J.
Chromatogr. B 806 (2004) 101-111.

[25] A.Bolarinwa, J. Linseisen, J. Chromatogr. B 823 (2005) 143-151.

[26] J.A.Starkey, Y. Mechref, Ch.K. Byun, R. Steinmetz, ].S. Fuqua, O.H. Pescovitz, M.V.
Novotny, Anal. Chem. 74 (2002) 5998-6005.

[27] K. Zhang, Y. Zuo, ]. Agric. Food Chem. 52 (2004) 222-227.

[28] ]J.K. Prasain, A. Arabshahi, D.R. Moore, G.A. Greendale, ].M. Wyss, S. Barnes, J.
Chromatogr. B 878 (2010) 994-1002.

[29] K. Duan, Z. Yuan, W. Guo, Y. Meng, Y. Cui, D. Kong, L. Zhang, N. Wang, J.
Ethnopharmacol. 135 (2011) 201-208.

[30] P.B. Grace, N.S. Mistry, M.H. Carter, A.J.C. Leathem, P. Teale, J. Chromatogr. B
853 (2007) 138-146.

[31] L. Baranowska, S. Magiera, J. Baranowski, ]. Chromatogr. B 879 (2011) 615-627.

[32] S. Magiera, C. Uhlschmied, M. Rainer, Ch.W. Huck, I. Baranowska, G.K. Bonn, J.
Pharm. Biomed. Anal. 56 (2011) 93-102.

[33] Guidance for Industry: Bioanalytical Method Validation, FDA, US Department
of Health and Human Services. 2001.

[34] B.K. Matuszewski, M.L. Constanzer, C.M. Chavez-Eng, Anal. Chem. 75 (2003)
3019-3030.

[35] A.L. Upthagrove, M. Hackett, W.L. Nelson, Rapid Commun. Mass Spectrom. 13
(1999) 534-541.

[36] N. Fabre, L. Rustan, E. De Hoffmann, J. Quetin-Leclercq, J. Am. Soc. Mass Spec-
trom. 12 (2001) 707-715.



	Development and validation of UHPLC–ESI-MS/MS method for the determination of selected cardiovascular drugs, polyphenols a...
	1 Introduction
	2 Experimental
	2.1 Chemicals and reagents
	2.2 Preparation of the standard solution and quality control samples
	2.3 Instrumentation and analytical conditions
	2.4 Sample preparation
	2.5 Method validation

	3 Results and discussion
	3.1 Optimisation of UHPLC–MS/MS condition
	3.2 Method validation
	3.3 Application to real samples

	4 Conclusions
	Acknowledgements
	References


