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Drug metabolism in liver microsomes was studied in vitro using liquid
chromatography-tandem mass spectrometry (LC-MS/MS). Relevant drug was
incubated with dog, human and rat liver microsomes (DLMs, HLMs, RLMs) along
with NADPH, and the reaction mixture was analyzed by LC-MS/MS to obtain
specific metabolic profile. GRACE analytical C18 column, Vision HT (50 X 2 mm,
1.5 um) was implemented with acetonitrile and water (+ 5 mM ammonium acetate)
in a gradient mode as the mobile phase at a flow 0.4 mL.min. Different phase |
and phase Il metabolites were detected and structurally described. The metabolism
of the studied drugs occurred via oxidation, hydroxylation and oxidative
deamination processes. Conjugates with the glucuronic acid and sulfate were also
observed as phase Il biotransformation. The central composite design (CCD)
showed that factors, such as time incubation, liver microsomal enzymes
concentration and NADPH concentration, along with drying gas temperature,
nebulizer gas pressure and capillary voltage significantly affected the final response
of the method. This study describes the novel information about the chemical
structure of the potential metabolites of selected biologically active compounds,
which provide vital data for further pharmacokinetic and in vivo metabolism studies.

© University of SS. Cyril and Methodius in Trnava

Introduction

Furthermore, as chromatographic techniques have
been developed and combined with sensitive

In recent years there has been a growing interest
in research which improves our understanding
of pathological phenomena responsible for the
development and progression of various illnesses.
With new diagnostic tools, the background
of the most complex anomalies can be discovered
(Li 2001; Bussiere 2008). Huge progress has also
been made in the therapy of many illnesses, which
measurably translates into the extended overall
survival of the patient (Wrighton et al. 1995; Jia
et al. 2007; Rostami-Hodjegan et al. 2007).
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detection methods, the use of metabolomics has
increased in the recent years (Goldman et al. 2004;
Persell 2011). This made it possible to determine
and identify substances in biological samples with
the view to clinical diagnosing of illnesses and their
stages as biomarkers of various human diseases
have been discovered (Ingelman-Sundberg 1999,
2004; Zisaki et al. 2015). An important trend
in a pharmaceutical analysis is determining
metabolic profiles after administering the drug
to investigate what happens to it in the organism.
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Currently  the  most  popular  technique
in the analysis of drugs and their metabolites is
high-performance liquid chromatography combined
with mass spectrometry. This combination is used
most often because of its very low limit
of  detection, good selectivity, accuracy
and the precision of quantification. The information
obtained can be used to identify and quantitatively
determine the studied compounds (Xu et al. 2007;
Lietz et al. 2013).

The determination of metabolites requires the use
of  multidimensional  separation  techniques.
Therefore the LC/MS analysis of selected drugs
and their metabolites is to evaluate their
concentration in real time (Wicha et al. 2018;
Zhang et al. 2018). There are drug metabolites
whose structures may resemble the structure
of the parent drug to a lesser or greater degree
and which also show a pharmaceutical activity
resembling that of the parent drug; this creates
a significant problem in therapeutic drug
monitoring (TDM) (Kang et al. 2009). Monitored
therapy is a useful tool in the process
of personalizing treatments with drugs of varied
pharmacological activity, because drug
pharmacokinetics can differ significantly from
patient to patient, which results from the influence
of numerous interactions, comorbidities, genetic
polymorphism or patients failing to adhere to
the prescribed dose schedule (Guengerich 2000).
The monitoring of drug concentrations in blood is
widely used in selected clinical specializations,
e.g. neurology, cardiology and psychiatry.
The most often monitored types of drugs include
antibiotics, anti-seizure medicines, anti-arrhythmic
medicines, painkillers, immunosuppressant
substances, anti-cancer drugs and tricyclic
antidepressants (Cholerton et al. 1992; Nicholson
et al. 1999; Yan et al. 2001).

The enzyme family of cytochromes P450 are
membrane proteins present mostly
in the microsomes of endoplasmic reticulum
and in membrane structures of mitochondrion
(Lamb et al. 2007). Microsomes are closed vesicles
in the membrane of endoplasmic reticulum in liver
cells (coming from mice, rats and humans) which
contain a number of phase | and Il metabolic
enzymes, including the monooxygenase enzymatic
complex that comprises cytochrome P450 and its
NADPH-dependent reductase (Isin et al. 2007).
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Among the numerous microsomal fraction enzymes
in liver cells, the ones that are most involved
in biotransformation reactions of exogenous
substances are isoenzymes of cytochrome P450.
There have been discovered more than a dozen
of cytochrome P450 isoenzymes that participate
in the oxidation of many drugs used in medicine.
Each isoenzyme is coded by a different gene
(Degtyarenko et al. 1993). The so-called gene
superfamily that codes the various isoenzymes
of cytochrome P450 has been classified into
families and sub-families depending on the degree
of similarities in the amino acid sequence
of particular isoenzymes. Approximately 95 %
of the currently used medicines are metabolized by
this enzymes group (Houston 1994; Wiekers et al.
2005; Sahi et al. 2010).

Here we report the successful application
of the optimized procedure and analysis method
to determine and identify the selected
cardiovascular and adrenolytic drugs (aliskiren,
metoprolol, mexiletine, oxprenolol, prasugrel,
propafenone, propranolol and rivaroxaban) and
their potential metabolites found in different
microsomal liver fractions (dog, human and rat).
Conventional triple quadrupole mass spectrometer
(MS/MS) are the most popular analytical tools due
to its excellent quantitative sensitivity, stability
and low cost. However, it is not suitable for drug
metabolite profiling since their full-scan sensitivity
is rather poor. To overcome this problem, a set
of predicted precursor-product ion pairs instead
of full-scan mode to search for the potential
metabolites was used. To the best of our
knowledge, no detailed information regarding
the structure of their potential metabolites via
in vitro studies has been  published.
Transformations were investigated in the presence
of NADPH/UDPGA-P450 oxidoreductase. Central
composite face-centered design with fractional
factorial design was used in order to evaluate
the significance of selected factors. In addition,
the composite design helped us to find the optimal
values for each factor using the response surface
method. Additionally, the results obtained were
compared to in vivo experiments, by analyzing
plasma  samples from  patients differing
in the level of cytochrome P450 isoenzymes after
relevant cardiovascular or adrenolytic drug
delivery.



Experimental

Chemicals and materials

Aliskiren (ALI), metoprolol (MET), mexiletine
(MEX), oxprenolol (OXP), prasugrel (PRA),
propafenone (PRF), propranolol (PRO)
and rivaroxaban (RIV) were obtained from Sigma-
Aldrich  (Schelldorf, Germany).  Glucose-6-
phosphate, B-NADP™, glucose-6-phosphate
dehydrogenase and uridine 5’-diphosphoglucuronic
acid triammonium salt (UDPGA) were obtained
from Sigma-Aldrich (Schnelldorf, Germany). Other
chemicals of analytical quality (acetonitrile, formic
acid, ammonium acetate) were purchased from
Merck (Darmstadt, Germany). Microsomes derived
from dog, human and rat liver cells (DLMs, HLMs,
RLMs) were wused in enzymatic studies.
The microsomal fractions were stored at — 80 °C
and thawed immediately before each experiment.
The water was obtained by means of Milli-Q RG
apparatus by Millipore (Millipore Intertech,
Bedford, MA, USA) in our laboratory. Assay
incubation was done in the thermomixer
(Eppendorf, Hamburg, Germany). The evaporation
of samples was done on a ScanVac speed vacuum
concentrator (Kansas City, USA). Drug-free
plasma samples were kindly provided by Nicolaus
Copernicus University, Collegium Medicum, Torun
(Poland) upon the permission of the Bioethical
Commission (no. 585/2017).

Microsomal incubations

The research on discovering the mechanism
of metabolic transformations of selected bioactive
compounds was carried out in model conditions
with their standard solutions in the presence
of microsomal enzyme fraction (coming from dog,
human and rat). The incubation of the selected
drugs with liver cell microsomal fraction enzymes
was to be performed in appropriate reaction buffer
(PBS, pH 7.4). After initial pre-incubation
in a heated bath (37 °C), enzymatic reaction co-
factor NADPH/UDPGA was added to the mixture
of the  particular  bioactive = compound
and microsome (enzyme). The obtained reaction
mixture was subjected to further incubation
at the same temperature for a specific period (15,
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25 and 35 min). Then the resulting solution was
cooled in ice bath and an equivalent amount
of cooled methyl alcohol was added to stop
the reaction. This mixture was centrifuged (5 —
15 min; 5,000 rpm). The resulting supernatant was
analyzed by RP-HPLC with ESI-MS/MS.
Glucuronidation was studied by the incubation
of the model drug with DLMs, HLMs and RLMs.
The test and blank samples were prepared
analogously to phase | metabolism samples,
the exception being that 10 pl of PBS contained
the UDPGA co-factor which mediated the relevant
reaction. Beside the above mentioned batches,
incubations without NADPH, microsomal protein,
target compound, respectively, were analyzed
as negative controls.

High performance liquid chromatography tandem
mass spectrometry instrumentation and analytical
conditions

The HPLC system consisted of an Agilent 1100
series  (Agilent  Technologies,  Waldbronn,
Germany) autosampler, binary pump, degasser
and column  compartment.  Chromatograph
separation was performed on a GRACE analytical
C18 column, Vision HT (50 X 2 mm, 1.5 pm),
which was protected by a HPLC Guard (2.1 x
5mm, 1.8 um) at 21 °C. The column was operated
gradiently at a flow rate of 0.4 mL.min? with
mobile phase composed of 0.1 % ammonium
acetate (A) and acetonitrile (B): 0 — 2 min, 15 % B;
2 — 5 min, linear to 95 % B; 5 — 10 min, 95 % B;
and 10 — 12 min, return to initial conditions.
The stop time was 15 min, followed by a 3 min
post-time. The injection volume was 10 pl.

A 6410 triple quadrupole LC/MS (Agilent
Technologies, Waldbronn, Germany) equipped
with electrospray ionization (ESI) source was
controlled by Mass Hunter workstation data
acquisition software and Qualitative Analysis
software (version B.01.00). The source temperature
was maintained at 290 — 350 °C, and the ionization
voltage was set at 3,500 — 4,500 V. The nebulizer
gas was set at 35 — 45 psi. The detection of the ions
was performed in the multiple reaction monitoring
(MRM) mode. Optimization of the compound-
dependent parameters were performed by the direct
infusion of a standard solution into the ion source

181



Nova Biotechnol Chim (2019) 18(2): 179-194

8E9L'T- 0 0 F1
T1- 1 T L
0 0 0 (@91
T1- I- I- T
T1- 1 I- €
8E'T 0 0 cl
0 0 8¢'1 T1
I 1 I- 14
I 1 T 8
0 0 0 (@6
T1- I- T <
0 0 8€9L°T- o1
0 8E9L° T~ 0 Cl
I I- I- <
I I- T 9
0 SE'T 0 €1
[9.¢ X X sumy
0 0 ST 01 < [IWw] uonenuasuos HIQWN (£X)
T 0 {0 90 0 T.\..—SWQQ SSUIOSOTIOTUT JIAT] JO UOMEIUDUOD ANMAW
ot < cg T <1 [urw] woneqnout awm (1X)
HODGRIUL [DULOSOLIIT
000§ 000€ 00S¥ 000% 00S€ [A] a8ejoa Lreqides (£X)
0s 0€ St or 43 [1sd] amssoid sed rezInqau (7X)
08¢ 09T 0s¢ 0zg 06T [D.] smyeredursy ses Sudip (1X)
SIW-0T
q 0 (1+) uStH (0) Tenu) (1-) Mo
=2 J01IE
W:mww wﬁm SIPAYT 4
‘ugrsep 211sodurod [BNUAD €7 91 10 X1NEBW USISOP ITa S[2AJ] J18Y) PUE SI0JOE] *T 1qBL
I18°¢C 00&v <91 06T 8T ‘1¢ v1¢ Sl 9ty QANISOd AT UBQEXOIEATR]
Al 000¥ o1 01¢€ g€ ¢ €L1 911 097 aAmIsod o¥d [ojouexdorg
Tl 000% SEl 0T¢ S€0¢ §9T 9T¢ 443 aanisod Tdd auouajedord
I8°¢C 005y S 06T 8T ‘1€ LLT 90¢ vLE SANISOd Vid [ERE AN
651 00S¥ 91 067 0€ ‘67 911 L 997 aAmIsod dxo Jojoua1dxQ
vI'T 000% el 0TE S€ ‘6T €ET 911 897 SANISOd LN Toroadoly
€11 000% 61 0S¢ YT LT 1Z1 ) 081 aamsod XAN AUNAIXIN
€71 00S¢€ €01 06T 9¢ ‘TT L11 9ty 4% 2ANIsod v TS Y
[26 AD [Al [D.] JH+ml
‘ueaui] ase)oa armeradura) €O ‘10 ‘a2l 2t *[£0] [z 1] [z ‘1] apow
onel \RAIN  Arepde)  IoymowiSeld  SeS SUWIAK]  ASIDU WOISHO)D) U0l DIEnd) ol Jagnuend) JuaIe g uoy UONRIAIqQ Y NA[RTY

"SAWOSOIDIW JAI] UBHBWLIRW Ul sSSP J1A[OUIPE PUE JB[IDSBAOIPIED PIIII[AS JO UOHBUIULIALAP JOJ PAST SUOLIPUOd SIN/SIN T AqeL

182

Bereitgestellt von Slovenska polnohospodarska kniznica | Heruntergeladen 28.02.20 12:44 UTC



using a syringe pump (Table 1). The studied target
compounds were identified by MRM transitions
of the compounds searched for using a dwell time
of 100 ms and product ion scan MS/MS
experiments. The MS/MS conditions were
optimized as well. All the compounds were tested
in both positive and negative ion modes. MS/MS
parameters were optimized in a continuous flow
mode using an integrated syringe pump
at a flow rate 5 pL.min? of standard solutions.
The nebulizer gas and dry gas was nitrogen,
and helium (99.999 %) was used as the collision
gas in the ion trap. After the best conditions
for isolating the precursor on (proton adduct
of the analyte) had been determined, full scan
MS/MS mode was used to record product ions from
the standard solution of each target compound.
For each analyte, the fragmentation amplitude
and isolation width were also optimized manually
to increase the selectivity and sensitivity
of the method and to select the most intensive
and characteristic fragmentation ions
for a qualitative analysis and one of the highest

Nova Biotechnol Chim (2019) 18(2): 179-194

intensity for the quantitative analysis.

Application to patient samples

A 100 pL volume of plasma was transferred
to a disposable 2 mL centrifuge tube. Subsequently,
350 puL of water and 150 pL of methanol were
added, and the tube contents were then mixed
gently. 900 mL of acetonitrile was added to this
solution, and the sample was mixed vigorously
for few seconds. After a standing time of 15 min,
the mixture was centrifuged at 5,000 rpm for 5 min,
and 100 pL of the clear supernatant was mixed
with 900 mL of 10 % methanol.

Results and Discussion

Optimization of the LC-MS/MS parameters

The determination of analytes with a mass
spectrometer was carried out in positive
polarization (ESI+) in the following modes: full

Table 3. Analysis of variance (ANOVA) for fit of conversion efficiency from central composite design (for PRO).

Source of variation Sum of square Df? Mean square F-value® P-value
X1 6183693 1 6183693 25.60267 0.002311
Xi? 1471186 1 1471186 6.09123 0.048587
Xz 1024 1 1024 0.00424 0.950191
X2? 832855 1 832855 3.44831 0.112697
X3 2744578 1 2744578 11.36352 0.015024
X3? 490002 1 490002 2.02878 0.204213
X1 X2 3583529 1 3583529 14.83707 0.008441
X1 X3 8270401 1 8270401 34.24238 0.001099
X2 X3 625918 1 625918 2.59152 0.158563
Lack of fit 1449152 6 241525

Total SS 38000000 15

@ Df, degrees of freedom;

b Test for comparing model variance with residual (error) variance.

scan (FS), single ion monitoring (SIM), product ion
scan (PI), and multiple reaction monitoring
(MRM). Scanning in the full mode was performed
to determine the m/z ratio value of the pseudo-
molecular ion (an analyte molecule with its mass
enlarged by the mass of the attached proton).
Single ion monitoring mode was applied to allow
us to select the voltage at the fragmentor
(the voltage at the end of the capillary directing
ions to the analyzer Q1). Product ion mode was
to make it possible to obtain product ions for each

Bereitgestellt von Slovenska polnohospodarska kniznica | Heruntergeladen 28.02.20 12:44 UTC

parent ion through its fragmentation. This step was
to use the previously chosen fragmentor voltage,
and appropriate values of collision energy were
selected for individual studied compounds.

MS/MS transitions form the precursor ion to two
of its main fragment ions were registered for each
target compound. Only one MRM transition was
selected for each at least. Selected MRM transitions
for each analyte and the optimal instrumental
conditions set for their analysis are summarized
in Table 1.
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Central composite design

Statistica software designed 16 experiments
in accordance with the CCD; the levels examined
and the experimental results are listed in Table 2.
The analysis of variance (ANOVA) was used
to assess the significance of each factor
and interaction term. The significance of each

16 000
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Nebulizer gas pressure (psi)

coefficient was checked wusing an F test
and by determining the p value. The p value was
used to check the significance of each coefficient,
which indicated the strength of the interaction
between each independent variable. ANOVA
of the quadratic regression model showed that
the model was significant (p < 0.0001/0.0005)
and that the lack-of-fit was not significant
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Fig. 1. Three-dimensional surface for the LC-MS analyses using Box-Wilson procedure obtained by plotting. Response surface

plots showing the effects of drying gas temperature, nebulizer
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gas pressure and capillary voltage on the intensity of PRO.



(p > 0.05), indicating that the quadratic model was
valid for this study (Table 3). The coefficient
of determination (R?) is a measure of the global fit
of the model. In our analyses, R? was higher than
0.9860 for all the target compounds, which means
that the obtained model could explain
the  variability in response. Based on
the experimental data, a second-order polynominal
model was constructed by CCD; where Y is
the predicted response value, and X1, X2, and Xs are
the coded values of drying gas temperature,
nebulizer gas pressure and capillary voltage,
respectively.

In the optimum design process, response surface
curves were not only plotted to investigate
the relationship between responses and each
variable and the interactions of two variables,
but the optimal level of each variable was also
determined for the maximum response. The typical
three-dimensional response surface plots for PRO
are shown in Fig. 1. As can be seen, drying gas
temperature, nebulizer gas pressure and capillary
voltage had quadratic effects on the PRO response.
Based on the plotted surfaces, the response value
reached a maximum when drying gas temperature,
nebulizer gas pressure and capillary voltage was
around the central points. After the results had been
analyzed, the HPLC-MS analysis conditions
(X1 =310 °C, X2 = 40 psi, X3 = 4,000 V for PRO)
were obtained.

Fig. 1a illustrates the effects of drying gas
temperature and nebulizer gas pressure (psi)
on the signal intensity during LC-MS analyses.
The maximum value was obtained with the drying
gas temperature located between 300 and 330 °C
and nebulizer gas pressure (psi) located between 37
and 43. Higher drying gas temperature and higher
nebulizer gas pressure tended to result in a decrease
of signal intensity. This also could be due to
the fact that the decreasing intensities result from
ion suppression effects in the electrospray. Fig. 1b
shows the effects of drying gas temperature
and capillary voltage on the signal intensity during
LC-MS analyses. The maximum efficiency could
be obtained with 310 °C and capillary voltage
equaling 4,000 V. This drying gas temperature
and capillary voltage resulted in the increase
in the signal intensity during LC-MS analyses.
In the range of 300 — 330 °C signal intensity
increased, while above the wvalue of 330 °C
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no increase in the intensity was observed.
A higher drying gas temperature and capillary
voltage resulted in medium signal intensity,
which would result in a small number of ions
to the mass spectrum originating from precursor
ion.

Fig. 1c shows the effects of nebulizer gas pressure
(psi) and capillary voltage on the signal intensity
during LC-MS analyses. It was observed that
in the nebulizer gas pressure range of 38 — 42 psi
and in capillary voltage range of 3,600 — 4,200 V
signal intensity increased, while above those values
no incrementation was observed. The maximum
predicted value of signal intensity during LC-MS
analyses was under the conditions presented
in Table 1.

.

* .
.
" .

%
%

KXy

2 7
.

xé

p=0.05
Standardized Effect Estimate (Absolute Value)

Fig. 2. Pareto chart of the standardized main effect
for the CCD design for LC-MS method. The vertical line
defines the 95 % confidence level.

The plot of experimental values of efficiency
of conversion versus those calculated from
equation indicated a good fit, as presented
in Fig. 2 (for PRO). As result of the full factorial
design, Pareto chart was drawn for each studied
cardiovascular drug in order to visualize
the estimated effects of the main variables and their
interactions. Pareto chart gives a graphical
presentation for these effects and it allows looking
at both the magnitude and the importance
of an effect. In the above mentioned Pareto charts,
the bars (variables) that graphically overpass
the significance line exert a statistically significant
influence on the results obtained.
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In vitro incubation of selected cardiovascular
and adrenolytic drugs with mammalian liver
microsomes

There are a large number of components
in the HLM, among which many compounds may
elute in the same time with the target compounds
during the analysis. In order to solve this problem,
we performed using a Mass Hunter Metabolite 1D
software; peaks present in the analyte were
evaluated in relation to control samples
by comparing their retention time in post-
acquisition analyses, MS spectra and peak area.
In order to identify the potential metabolites
of selected cardiovascular and adrenolytic drugs,
their possible structures were assumed according
to the known common metabolic pathways
and the structures of parent drugs. Then the total
ion chromatogram (TIC) of the liver microsomal
solution after incubation with a relevant drug was
compared with that of blank liver microsomal
solution (without NADPH) to find the possible
metabolites. Finally, the potential metabolites were
identified by comparing their LC-MS and MS2
spectra with those of target compounds.

In the case of RIV 6 metabolites were found
and identified in all in vitro incubations. Metabolite
structures were first elucidated by liquid
chromatography-mass spectrometry with a detailed
analysis of the changes in molecular mass
and interpretation of the fragmentation patterns,
compared with those of the parent drug.
The product ion spectra of metabolites M1, M2,
M3, M5 and M6 exhibited losses of 18 amu
corresponding to H20 molecule, 46 amu
(HCOOH), 58 amu (HOCCOH) and 72 amu
(CO2+CO0O), indicating that metabolism occurred
at the morpholinone moiety. The hydroxylated
metabolite M4 showed a product ion spectrum that
was different from that for the other hydroxylated
metabolites, namely M1, M2 and M3. In the case
of M4, fragmentation at the oxazolidinone moiety
indicated that the hydroxylation had taken place
at the oxazolidinone ring. Hydroxylation occurred
at the morpholinone moiety, leading to metabolites
M1, M2 and M3 and at the oxazolidinone moiety,
leading to metabolite 4. In the case of M5 and M6,
combinations of morpholinone and oxazolidinone
hydroxylation were also identified. Among all
oxidative reactions, the hydroxylation leading
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to M1 was the major primary pathway identified
in incubations with liver microsomes across all

the species.
In the case of PRA 4 metabolites were found
and identified in all in vitro incubations.

One of them was characterized for thiolactone
metabolite M1 (in the literature named
as R-95913). Then thiolactone metabolite was
oxidatively metabolized by hepatic cytochrome
P450 to the compound M2 containing a thiol group
(in the literature named as R-138727), which was
further metabolized to its S-methyl analogue M3
(in the literature named as R-106583). The analytes
were analyzed by an LC-MS/MS in the multiple
reaction monitoring mode using the respective
[M+H]+ ions, m/z 332 — 109 for M1, m/z 498 — 206
for M2, m/z 364 — 316 for M3 and m/z 390 — 318
for M4.

In the case of ALI 4 metabolites were found
and identified in all in vitro incubations. The mass
spectra of metabolites M1 and M2 showed
molecular ions at m/z 538, indicating that they are
demethylated metabolites. O-demethylation was
assigned to the region of fragment C in the two
possible positions for methoxy groups. The mass
spectrum of metabolite M3 showed a molecular ion
at m/z 480. O-dealkylation was assigned to
the region of fragment C, indicating oxidation
of ALI, with loss of the propoxy side chain.
Hence, compound M3 could be the methoxy phenol
derivative. Metabolite M4 was identified
as a glucuronic acid conjugate of M3.

In the case of PRO 7 metabolites were found
and identified in all in vitro incubations.
This molecule IS interesting because
of the availability of numerous oxidation sites
present on the structure. Hence, the first step was
to identify hydroxylated metabolites. The presence
of monohydroxylated (m/z at 276)
and dihydroxylated propranolol (m/z at 292)
metabolites was observed. The abundance
of m/z 260, the parent ion, was low, demonstrating
that the drug was extensively metabolized.
During the study also the  presence
of hydroxypropranolol glucuronide (m/z 452)
and dihydroxypropranolol glucuronide (m/z 468)
was observed.

In the case of OXP 2 metabolites were found
and identified in all in vitro incubations.
The  proposed  microsomal  transformation
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of oxprenolol (m/z 224) include N-dealkylation
and ring-hydroxylation (O gain) as well as
the combination of these two pathways. During
the study also the presence of hydroxyoxprenolol
glucuronide (m/z 571) was observed.

In the case of MET 2 metabolites were found and
identified in all in vitro incubations. The proposed
microsomal conversion of metoprolol include
benzylic hydroxylation or aromatic hydroxylations
(m/z 284) and demethylation (m/z 254).

In the case of MEX 2 metabolites were found
and identified in all in vitro incubations.
The proposed microsomal conversion of mexiletine
include aliphatic (m/z 178) and aromatic (m/z 196)
hydroxylation.

In the case of PRF 2 metabolites were found
and identified in all in vitro incubations.
For propafenone (m/z 342) with a known
metabolism, the only product characterized
for phase | that was observed and identified was
single O gain at various positions. In other words,
the only metabolic pathways that was mimicked
with the wuse of microsomal fraction was
the hydroxylation (m/z 358). During the study also
the presence of hydroxypropafenone glucuronide
(m/z 647) was observed.

To elucidate the structures of the unknown
metabolites, we studied the fragmentation
of the [M+H]+ ions of MET and its metabolites
using LC/ESI/MS/MS  experiments.  Major
metabolites were compared with the retention time
of the commercial reference  standards.
The postulated major metabolic pathways
of incubated cardiovascular and adrenolytic drugs
with  DLMs, HLMs and RLMs is presented
in Table 4. These pathways show that the hydroxyl
moiety, carbon-carbon double bond, and carbon-
oxygen double bond are the metabolic sites in vitro.
The hydroxyl groups is the primary metabolic sites
with  further formation through reduction
and  oxidation to  generate  dehydrated
and hydrogenated metabolites, which is similar to
the investigated in vivo metabolism in real
biological samples. The production of potential
metabolites of target compounds was all increased
with the prolongation of the incubation time.
Among them, the demethylated metabolites were
the major metabolites, while the hydroxylated were
the minor metabolites; glucuronidated constituted
the fewest of target compounds. Based on
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the above discussion, the selected chromatograms
of ALI in 3 kinds of liver is presented in Fig. 3.
This may be due to the different genotype
and activity of hepatic metabolic enzymes
in different species. The detailed proposed

fragmentation for all potential metabolites is
presented in Table 5.
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Fig. 3. HPLC-chromatograms of ALI potential metabolites
(M1 — M4) in three types liver microsomes: (A) DLMs,
(B) HLMs and (c) RLMs.

metabolic
catalyzed

All the postulated phase | and Il
reactions are typical of processes
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by isoenzymes of the cytochrome P450 group.
It may be concluded that the mammalian liver
microsomes having enzymatic activity may be very
useful in the study of the metabolism
of cardiovascular and adrenolytic drugs.

Analysis of biological samples from patients

In order to examine the proposed metabolic
pathways of target compounds, the data coming
from the suggested method with the use of liver
microsomes fractions were studied in detail
and were compared with the results obtained from
biological samples originating from patients
receiving cardiovascular and adrenolytic drugs.
The presence of drug and its potential metabolites
in samples from the patients were additionally
confirmed by MS/MS spectra. The abundance
of relevant parent ion, was low, demonstrating that
the drug was extensively  metabolized.
Applying the developed LC-MS/MS method
in plasma samples were identified: metoprolol
and its two metabolites O-demethylated metoprolol
(m/z = 254) and hydroxylated metoprolol
(m/z = 284); propranolol and hydroxylated
propranolol (m/z = 276) was observed; mexiletine
and hydroxylated mexiletine (m/z = 196);
oxprenolol N-dealkylated oxprenolol (m/z = 224)
and propafenone and hydroxylated propafenone
(m/z = 358), respectively.

Conclusions

In this study, we applied LC-MS/MS to identify
phase | and phase Il metabolites of selected
cardiovascular and adrenolytic drugs as a model
compounds detected after in vitro incubation
of the studied drug with dog, human and rat liver
microsomes fraction. To the best of our knowledge,
no detailed information regarding the structure
of their potential metabolites via in vitro studies has
been published. The results obtained show
the similarity among analyzed mammalian species.
The main biotransformation route of the studied
compounds was identified as reduction, oxidation,
dehydroxylation and glucuronic acid conjugation.
As a result, the presented approach with in vitro
and in vivo studies can be helpful in prognosing
the influence of the selected drugs and their
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metabolites from different therapeutic groups
on the activity of metabolizing enzymes; it may
also be used in planning a targeted therapy.
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