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Background. Analytical method is increasingly implemented into fundamental pharmaceutical chemistry
and analysis, considering their high sensitivity, accuracy, specificity and expressiveness.

Objective. Metoprolol's analytical method development was the research goal.

Methods. The sources were world recognized journals (1990-2019) and key words used as filter were
“metoprolol”, “spectrophotometry” “high-performance liquid chromatography, HPLC”, “quantitative analysis”,
“validation”.

Results. Chromatographic methods of analysis have the highest specificity and objectivity and allow
qualitative and quantitative determination of Active Pharmaceutic Ingredient (API) in combined dosage forms
and biological fluids without prior components separation. The main disadvantage of the described API analysis
methods is long terms from the beginning of chromatography to API release and specific solvents used as the
mobile phase in HPLC. New methods development and selection such chromatographic conditions that provide
high speed and high efficiency at lower pressure of the system are essential. Also, the reduction of analysis time
is achieved by simplifying the conditions for sample preparation.

Conclusions. Analysts are constantly working on developing new analysis methods and their optimization
in order to save time and consumables, which also ensures the efficiency of the developed method. There is no
monograph on the substance or dosage forms of metoprolol in SPhU. Therefore, some of the developed methods
should be suggested for the SPhU monograph, which is important for ensuring pharmacopoeial quality control
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of medicines in Ukraine.

KEY WORDS: metoprolol; spectrophotometry; high-performance liquid chromatography;
quantitative analysis; method development; validation.

Introduction

The quality of treatment depends much on
the bioavailability of the medicinal product,
which in turn is influenced by the correct and
effective pharmaceutical development. Antihy-
pertensive drugs are currently the most widely
used medicines, which is associated with in-
crease in the population with high blood
pressure and those at risk for stroke and other
serious diseases of the cardiovascular system.
Considerable demand for antihypertensive
drugs in tablet form is a prerequisite for inclu-
sion of a large number of generic drugs in the
range of industrial enterprises. The main task
of pharmaceutical development for such drugs
is to develop a composition that will provide
bioavailability comparable to the original. The
efficacy and correctness of pharmaceutical
development must be confirmed by bioequi-
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valence studies by in vivo and in vitro methods.
For these purposes, effective and reliable
methods for detection of APIin biological fluids
should be developed. It is generally accepted
to use chromatographic methods for this
purpose that can provide sufficient selectivity
and accuracy of determination even at relatively
low doses. It should be noted that today the
requirements for bioanalytical techniques are
framework and too broad to be universal.
Therefore, making proposals for the study of
individual validation characteristics for phar-
macokinetic purposes is very important. There
are currently no systematic studies of meto-
prolol.

Metoprolol succinate is a betal-selective
(cardioselective) adrenoceptor blocking agent,
for oral administration, available as extended-
release tablets. Metoprolol succinate extended-
release tablet has been formulated to provide
a controlled and predictable release of meto-
prolol for once-daily administration. The tablets
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comprise a multiple unit system containing
metoprolol succinate in a multitude of controlled
release pellets. Each pellet acts as a separate
drug delivery unit and is designed to deliver
metoprolol continuously over the dosage
interval. The tablets contain 23.75, 47.5, 95 and
190 mg of metoprolol succinate equivalent to
25, 50, 100 and 200 mg of metoprolol tartrate,
USP, respectively. Its chemical name is
(£)1-(isopropylamino)-3-[p-(2-methoxyethyl)
phenoxy]-2-propanol succinate (2:1) (salt)
(Fig.1). Metoprolol is a propanolamine that is
1-(propan-2-ylamino)propan-2-ol substituted
by a 4-(2-methoxyethyl)phenoxy group at
position 1. It acts as a beta-adrenergic anta-
gonist, an antihypertensive agent, a xenobiotic
and an environmental contaminant. It is a
propanolamine, an aromatic ether, a secondary
alcohol and a secondary amino compound.
Metoprolol is used for a number of conditions,
including hypertension, angina pectoris, acute
myocardial infarction, different types of ta-
chyarrythmia, congestive heart failure, and
prevention of migraines. Due to its selectivity,
metoprolol is also prescribed for off-label use
for anxiety disorders. Metoprolol blocks 31
drenergic receptors in cardiomyocytes, thereby
decreasing the slope of phase 4 in the nodal
action potential (reducing Na* uptake) and
prolonging repolarization of phase 3 (slowing
down K-release). It suppresses the norepin-
ephrine-induced increase in the sarcoplasmic
reticulum Ca% leak and the spontaneous SR Ca?*
release, which are the major triggers for atrial
fibrillation.
OH
H
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Fig. 1. Chemical structure of metoprolol.

Within the UK, metoprolol is classified as a
prescription-only drug in the beta blocker class
and is regulated by the Medicines and Health-
care Products Regulatory Agency (MHRA). The
MHRA is a government body set up in 2003 and
is responsible for regulating medicines, medical
devices, and equipment used in healthcare. In
the U.S. use of beta blockers such as metoprolol
was approved by the Food and Drug Admi-
nistration (FDA) in 1967 for the treatment of
cardiac arrhythmias, hypertension, migraines,
and others. Prescribers may choose to prescribe
beta blockers for other treatments if there is

just cause even though it is not approved by
the FDA. Drug manufacturers, however, are
unable to advertise beta blockers for other
purposes that have not been approved by the
FDA. Since the FDA does not regulate the
practice of medicine after the drug has been
approved, it is legal to prescribe beta blockers
for other treatments such as performance
anxiety. In man, absorption of metoprolol is
rapid and complete. Plasma levels following
oral administration of conventional metoprolol
tablets, however, approximate 50% of levels
following intravenous administration, indicating
about 50% first-pass metabolism. Metoprolol
crosses the blood-brain barrier and has been
reported in the CSF in a concentration 78% of
the simultaneous plasma concentration.
Plasma levels achieved are highly variable after
oral administration. Only a small fraction of the
drug (about 12%) is bound to human serum
albumin. Metoprolol is a racemic mixture of
R- and S-enantiomers, and is primarily meta-
bolized by CYP2D6. When administered orally,
it exhibits stereoselective metabolism that is
dependent on oxidation phenotype. Elimination
is mainly by biotransformation in the liver, and
the plasma half-life ranges from approximately
3 to 7 hours. Less than 5% of an oral dose of
metoprolol is recovered unchanged in the
urine; the rest is excreted by the kidneys as
metabolites that appear to have no beta-
blocking activity. Following intravenous admi-
nistration of metoprolol, the urinary recovery
of unchanged drug is approximately 10%. The
systemic availability and half-life of metoprolol
in patients with renal failure do not differ to a
clinically significant degree from those in
normal subjects. Consequently, no reduction
in dosage is usually needed in patients with
chronic renal failure. Metoprolol is metabolized
predominantly by CYP2D6, an enzyme that is
absent in about 8% of Caucasians (poor
metabolizers) and about 2% of most other
populations. CYP2D6 can be inhibited by a
number of drugs. Concomitant use of inhibiting
drugs in poor metabolizers will increase blood
levels of metoprolol several-fold, decreasing
metoprolol’'s cardioselectivity. Metoprolol has
a very low melting point; around 120 °C (248 °F)
for the tartrate, and around 136 °C (277 °F) for
the succinate. Because of this, metoprolol is
always manufactured in a salt-based solution,
as drugs with low melting points are difficult to
work with in a manufacturing environment.
The free base exists as a waxy white solid, and
the tartrate salt is finer crystalline material.
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Metoprolol contains a stereocenter and consists
of two enantiomers. Metoprolol succinate is a
white crystalline powder with a molecular
weight of 652.8. It is freely soluble in water;
soluble in methanol; sparingly soluble in
ethanol; slightly soluble in dichloromethane
and 2-propanol; practically insoluble in ethyl-
acetate, acetone, diethylether and heptane.
Inactive ingredients: silicon dioxide, cellulose
compounds, sodium stearyl fumarate, poly-
ethylene glycol, titanium dioxide, paraffin.
Physico-chemical analysis methods are increa-
singly introduced into fundamental pharma-
ceutical research and pharmaceutical analysis
practice, taking into account their high sensi-
tivity, accuracy, specificity and expressiveness.

Objective was analytical method develop-
ment for metoprolol.

Methods

Literature survey has been done in range
of years 1990-2019 to make the review updated
and comprehensive and to show the new
approaches to development of the methods of
metoprolol analysis. The sources were world
recognized journals and key words used as filter
were metoprolol, spectrophotometry, high-
performance liquid chromatography, quan-
titative analysis, method development, vali-
dation [1-5].

Results

Pharmacopeian methods of analysis of
metoprolol are presented in Fig. 2. The State
Pharmacopoeia of Ukraine (SPhU) has not
developed a monograph on the substance of
metoprolol or on the prepared medical form
yet. However, the United States Pharmacopoeia
regulates the determination of metoprolol
succinate in extended-release tablets. For
identification, IR-spectroscopy and HPLC are
suggested; for quantitative determination of
metoprolol succinate in tablets in assay and
dissolution test - HPLC, respectively. Chroma-
tographic conditions for determination of
metoprolol succinate in tablets are specified in
the monograph of the United States Pharma-
copoeia, which are used the chromatographic
column 4-mmx12.5-cm; 5-pm packing L7 and
mobile phase consisting of acetonitrile and
buffer (25:75). Mobile phase rate - 1 ml/min,
detection wavelength - 280 nm, tailing factor -
NMT 2.0, relative standard deviation - NMT
2.0%.

The suggested method of the United States
Pharmacopeia requires a long sampling. The
European Pharmacopeia has a monograph on
metoprolol tartrate tablets. Identification of
metoprolol tartrate of the European Pharma-
copeia regulates the absorption spectropho-
tometry in the infrared region, UV-spectropho-

United States Pharmacopoeia
regulates the determination of
metoprolol succinate in extended-
release tablets. For identification,
IR-spectroscopy and HPLC are
proposed. For quantitative
determination of metoprolol
succinate in tablets in assay and
dissolution test — HPLC,
respectively

European Pharmacopeia has a
monograph on metoprolol
tartrate tablets. Identification of
metoprolol tartrate of the
European Pharmacopeia
regulates the absorption
spectrophotometry in the
infrared region, UV-
spectrophotometry and HPLC,
quantitative determination —
HPLC/UV.

Pharmacopeian
methods of
analysis

The State Pharmacopoeia
of Ukraine (SPhU) does
not have a monograph on
the substance of
metoprolol or on the
prepared medical form

Fig. 2. Pharmacopeian methods of analysis of metoprolol.
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tometry and HPLC, quantitative determination -
HPLC/UV. As a solvent, a mixture of methanol
and 0.1 M hydrochloric acid is used, mobile
phase - solution of 1-pentanesulfonic acid
sodium salt (monohydrate), anhydrous sodium
acetate in mixture of methanol and water and
adding glacial acetic acid. Mobile phase rate -
1.0 ml/min, detection wavelength - 254 nm.

Historical development of methods for the
qguantitative determination of metoprolol in
substances and drugs is related to the develop-
ment of analytical methods only and phar-
maceutical analysis in general. Nowadays the
literature contains a large number of scientific
papers devoted to the quantitative deter-
mination of metoprolol and other APIs in one
medical form, since metoprolol is used in com-
bination with different APIs for the treatment
of hypertension. According to the literature
data, spectrophotometry [6-11], HPLC [12-21],
gas chromatography [22] are the most widely
used techniques for the determination of
metoprolol tartrate.

Mustafa Cesme et al. suggested spectro-
photometric determination of metoprolol
tartrate in pharmaceutical dosage forms on
complex formation with Cu(II). Spectropho-
tometric method has been developed for the
assay of metoprolol tartrate, which is based on
the complexation of drug with copper(II)
[Cu(I1)] at pH 6.0, using Britton-Robinson buffer
solution, to produce a blue adduct. The latter
has a maximum absorbance at 675 nm and
obeys Beer’s law within the concentration
range 8.5-70 ug/mL. Regression analysis of the
calibration data showed a good correlation
coefficient (r=0.998) with a limit of detection of
5.56 pg/mL. The suggested procedure has been
successfully applied to the determination of this
druginits tablets. In addition, the spectral data
and stability constant for the binuclear
copper(Il) complex of metoprolol tartrate
(Cu,MPT,Cl,) have been reported [6].

Two simple and selective spectrophotometric
methods are described for determination of
metoprolol tartar as base form metoprolol in
bulk drug, and in tablets and capsules by
Nabil A.F., Eman M.S. The methods are based
on the molecular charge transfer complexation
of metoprolol base metoprolol with Bromothy-
mol blue (BTB) or 2,3-Dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ). The yellow and orange
colored radical anions formed on dissociation,
are quantitated at 413 nm (BPB method) or 457
nm (DDQ method). The assay conditions were
optimized. Beer’s law is obeyed in the concen-

tration ranges 2.0-40.0 yg mL" in BPB method
and 5.0-25.0 pyg'mL"'in DDQ method, with
respective molar absorptivity values of 5.78x103
and 4.05x103 L mol'-cm™. The reaction stoichio-
metry in both methods was evaluated by Job’s
method of continuous variations and was found
to be 1:1 MPT-BPB, MPT-DDQ. The developed
methods were successfully applied to the de-
termination of metoprolol in pure form and
commercial tablets with good accuracy and
precision. Statistical comparison of the results
was performed using Student’s t-test and Fratio
at 95% confidence level and the results showed
no significant difference between the reference
and suggested methods with regard to accuracy
and precision. Further, the accuracy and relia-
bility of the methods were confirmed by recovery
studies via standard addition technique [7].

Ukrainian scholars Anastasiia Donchenko
and Svitlana Vasyuk suggested spectropho-
tometric determination of metoprolol tartrate
in pure and dosage forms. This method is based
on the reaction between metoprolol tartrate
and 2,3-dichloro-1,4-naphthoquinone in di-
methylformamide (DMF) medium to form the
colored reaction product with maximum ab-
sorption at 493 nm. Optimum conditions to
carry out the reaction such as concentration of
reagent, temperature and heating time were
carefully studied and optimized. Beer’s law was
performed at the concentration range of 18.00-
28.00 mg/100 ml. The suggested method is
valid according to the validation requirements
of SPhU [8].

Turkish scientist Yilmaz B. developed deter-
mination of metoprolol in pharmaceutical pre-
parations by zero-, first-, second- and third-
order derivative spectrophotometric method.
Zero-, first-, second- and third-order derivative
spectrophotometry methods were developed
for determination of metoprolol in pharma-
ceutical preparations. In zero order spectropho-
tometry, absorbance values were measured at
276 nm in zero order spectra of solution of
metoprolol in methanol in the range of 240-
310nm.Inthefirstderivative spectrophotometry,
absorbance values were measured at 265, 278
and 285 nm.Inthe second derivative spectropho-
tometry, absorbance values were measured at
276,279, 287 and 282 nm. In the third derivative
spectrophotometry, absorbance values were
measured at 275, 278 and 281 nm. Parameters
such as linearity, precision, accuracy, specificity,
stability, limit of detection and limit of quan-
titation were studied according to the Inter-
national Conference on Harmonization Guide-
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lines. All the methods developed were
successfully applied to two tablet formulation
and the results were compared statistically with
each other [9].

Jadhav A.S. et al. suggested UV spectropho-
tometric methods for estimation of metoprolol
succinate from bulk and tablet formulation in
phosphate buffer 6.8. The drug obeyed the
Beer’s law with correlation coefficient 0.9999
and 0.9979 respectively for method I and
method II. It showed absorption maxima at
223 nm and 226 nm respectively for method I
and method II; in phosphate buffer 6.8. The
linearity was observed between 5 and 25 pg/mL.
The results of analysis were validated by
recovery studies, accuracy, precision, LOD, LOQ
and ruggedness. The method was found to be
simple, accurate, precise, economical and
robust [10].

Rahman N. et al. have developed validated
kinetic spectrophotometric method for deter-
mination of metoprolol tartrate in pharma-
ceutical formulations. The method is based on
reaction of the drug with alkaline potassium
permanganate at 25+/-1 degrees C. The reac-
tion is followed spectrophotometrically by
measuring the change in absorbance at610 nm
as a function of time. The initial rate and fixed
time (at 15.0 min) methods are utilized for
constructing the calibration graphs to determine
the concentration of the drug. Both the calib-
ration graphs are linear in the concentration
range of 1.46x10-8.76x10¢ M (10.0-60.0 microg
per 10 ml). The calibration data resulted in the
linear regression equations of log (rate)=3.634+
0.999 log C and A=6.300 x 10“+6.491x102C for
initial-rate and fixed time methods, respectively.
The limits of quantitation for initial rate and
fixed time methods are 0.04 and 0.10 microg ml,
respectively. The activation parameters such as
E(a), DeltaH(double dagger), DeltaS(double
dagger) and DeltaG(double dagger) are also
evaluated for the reaction and found to be
90.73 kJemol ', 88.20 k) mol, 84.54 )-K-"*mol"* and
63.01 kJ-mol’, respectively. The results are
validated statistically and through recovery
studies. The method has been successfully
applied to the determination of metoprolol
tartrate in pharmaceutical formulations. Sta-
tistical comparison of the results with the
reference method shows excellent agreement
and indicates no significant difference in
accuracy and precision [11].

The HPLC method is widely used in the
analysis of metoprolol both in substance and
in mono-and combined drugs. Simple, precise,

sensitive methods are developed today: liquid
chromatography, combination of TLC with den-
sitometric determination, HPLC/UV, HPLC/
DMD, HPLC/MS. A reverse phase HPLC method
has been developed for the quantitative esti-
mation of amlodipine besylate and metoprolol
tartrate in tablet by Hussain S. et al. The quanti-
fication was carried out using RP stainless steel
column ODS C18 250x4.6x 5 p L1 packing in
isocratic mode with mobile phase containing
0.03 M phosphate buffer and acetonitrile in the
ratio of 32: 68 (pH 3.5). Flow rate of 1.2 ml/min
and the detection wavelength were set at
230 nm and the linearity was found to be in the
range of 8-12ig/ml for amlodipine besylate and
metoprolol tartrate. The suggested method
was found to be simple, precise, accurate, and
reproducible for the estimation of amlodipine
besylate and metoprolol tartrate [12].

Singh Brijesh et al. suggested Reverse-
Phase HPLC method for simultaneous analysis
of metoprolol succinate and hydrochlorothiazide
in a tablet formulation. The drugs were ana-
lyzed by a reverse phase C-18 column using
50 mM di-sodium hydrogen phosphate:me-
thanol:acetonitrile in a ratio of 525:225:250 as
mobile phase. The flow rate was 1 ml/min and
the compounds were detected by a UV-detector
at 222 nm at a column temperature of 24+2 °C,
The method was statistically validated for
linearity and accuracy. The retention time and
drug content of metoprolol succinate and
hydrochlorothiazide were 5.38 min, 96.05% and
3.04 min., 97.64%, respectively [13].

Simultaneous estimation of metoprolol
tartrate and chlorthalidone by using RP-HPLC
and method development as per ICH guidelines
has been suggested by P. Hari Prasad et al. The
chromatographic analysis was performed on a
C18column grace smart RP18 (250%x4.6 mm,
5 pm) in isocratic mode, the mobile phase
consisted of methanol, acetonitrile and 0.05 M
phosphate buffer (adjusted topH 4.5 with ortho-
phosphoric acid) at a ratio of 60:20:20 v/v/v,
and a flow rate of 1.0 mL/min and the ASPD
detector was used. The eluents were monitored
at 254 nm. The retention time of lamivudine
and stavudine were found to be 2.50 min and
4.25 min, respectively. The linear ranges were
found to be 10-602 2 pg/mL (r=0.9992) for
lamivudine and 10-60 pg/mL (r=0.999) for
stavudine. The suggested method is also found
to be accurate, precise and robust. The method
could be applied to routine quality control of
pharmaceutical formulations containing meto-
prolol tartrate and chlorthalidone [14].

N

M.M. Horyn et al.

ISSN 2413-6077. JMMR 2019 Vol. 5 Issue 2



Asimple, rapid, accurate, precise, selective,
and reproducible stability-indicating HPLC
method has been developed for simultaneous
estimation of metoprolol succinate and telmi-
sartan using a mobile phase consisting mixture
of Methanol: 10 mM potassium dihydrogen
phosphate buffer: 10 mM hexane sulphonic
acid (80:10:10,v/v/v) at the flow rate of 1 mL/min
and detection wavelength at 223.0 nm by S. P.
Mahaparale et al.. HiQ Sil C,, (250x4.6 mm,
5 pm) column was used as stationary phase.
The retention time for metoprolol succinate and
telmisartan were 3.067 min and 5.653 min,
respectively. Linearity was observed in the
concentration range of 5-80 pug/mL for meto-
prolol succinate and 5-60 pg/mL for telmisartan.
The coefficient of correlation for metoprolol
succinate and telmisartan was found to be
0.9990 and 0.9980, respectively. The results of
analysis have been validated statistically and
by recovery studies. Both the drugs were
subjected to acid, alkali and neutral hydrolysis,
oxidation, dry heat, and photolytic degradation.
The degradation products of telmisartan and
metoprolol succinate were well resolved from
the pure drugs with significant differences in
the retention time values. This method can be
successfully implemented for simultaneous
quantitative analysis of metoprolol succinate
and telmisartan in bulk drugs and formulations
[15].

Braza AJ. et al. suggested development,
validation and analytical error function of two
chromatographic methods with fluorometric
detection for determination of bisoprolol and
metoprolol in human plasma, which describes
two high-performance liquid chromatographic
methods for the individual determination of
bisoprolol and metoprolol in human plasma.
Analytical methods involve two different liquid-
liquid extractions of human plasma, with diethyl
ether for bisoprolol and with dichloromethane
for metoprolol, coupled with a similar Nucleosil
C(18) reversed-phase HPLC column. Fluorimetric
detection was used to identify both beta-
blockers. Retention times for bisoprolol and
metoprolol were 8.7 and 3.2 min, respectively.
Linear regressions for the calibration curves
were linear at a concentration range of 6.25-
200 ng/mL. Intra- and inter-day precision coef-
ficients of variations and accuracy bias were
acceptable (within 15%) over the entire range
for both drugs. Average recovery was 89% for
metoprolol and 98% for bisoprolol. Once the
methods had been validated, analytical error
functions were established as standard devia-

tion (SD; ng/mL)=2.216+3.608x10C? (C=theo-
retical concentration value) and SD-(ng/mL)=
0.408+0.378x10°'C for bisoprolol and metoprolol,
respectively. The developed methods and their
associated analytical error functions would be
suitable for pharmacokinetic studies and for
determination of plasma concentration if poso-
logy individualization of these drugs is needed
[16].

Chiu F.C. et al. have developed efficient
high-performance liquid chromatographic
assay for the simultaneous determination of
metoprolol and two main metabolites in human
urine by solid-phase extraction and fluorescence
detection. The simultaneous analysis of the
zwitterionic metoprolol acidic metabolite (III,
H117/04) with the basic metabolites alpha-
hydroxymetoprolol (I, H119/66), metoprolol (I)
and guanoxan (IV, internal standard) was
achieved employing solid-phase extraction and
isocratic reversed-phase HPLC. The analytes
were extracted from urine (100 microliters)
using C18 solid-phase extraction cartridges
(100 mg), and eluted with aqueous acetic acid
(0.1%, v/v)-methanol mixture (40:60, v/v,
1.2 ml). The eluents were concentrated (250
microliters) under vacuum, and aliquots (100
microliters) were analyzed by HPLC with
fluorescence detection at 229 nm (excitation)
and 309 nm (emission) using simple isocratic
reversed-phase HPLC (Novapak C18 radial
compression cartridge, 4 microns, 100x5 mm
I.D.). Acetonitrile-methanol-TEA/phosphate
buffer pH 3.0 (9:1:90, v/v) was employed as the
eluent (1.4 ml/min). All components were fully
resolved within 18 min, and the calibration
curves for the individual analytes were linear
(r,20.996) within the concentration range of
0.25-40.0 mg/ml. Recoveries for all four analytes
were greater than 76% (n=4). The assay method
was validated with intra-day and inter-day
variations less than 2.5% [17].

Scientists Johnson R.D. and Lewis R.J. have
developed a liquid chromatography with mass
spectrometric detection (LC/MS) method for
the simultaneous quantitation of three com-
monly prescribed beta-blockers, atenolol,
metoprolol and propranolol. One advantage of
the LC/MS method is the specificity provided
by anion trap MS. Utilizing anion trap MS were
able to conduct MS/MS and MS/MS/MS on each
analyte. This method also eliminates the time-
consuming and costly derivitization step neces-
sary during GC/MS analysis. Additionally, by
utilizing this novel method, any concerns about
beta-blocker metabolite and/or sample matrix
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interference are eliminated. The limits of de-
tection for this method ranged from 0.39 to
0.78 ng/mL and the linear dynamic range was
generally 1.6-3200 ng/mL. The extraction effi-
ciencies for each analyte ranged from 58% to
82%. This method was successfully applied to
postmortem fluid and tissue specimens obtai-
ned from victims of three separate aviation
accidents [18].

A stereoselective liquid chromatography-
tandem mass spectrometry assay was deve-
loped and validated for quantification of S- and
R-metoprolol at concentrations of 0.5-50 mic-
rog/L in human plasma by Jensen B.P et al.
Metoprolol was extracted from plasma by
liquid-liquid extraction with ethyl acetate (82%
recovery). Chromatographic separation of the
enantiomerswas achieved on a chiral Chirobiotic
T column using an isocratic mobile phase
consisting of methanol/acetic acid/ammonia
(100/0.15/0.15, v/v/v). An ion trap mass
spectrometer with an electrospray interface
was used for detection in the positive mode,
monitoring the m/z transition 268-->191 for
metoprolol. Standard curves for S- and R-meto-
prolol fitted quadratic functions (r(2)>or=0.9995)
over the range of 0.5-50 microg/L in plasma,
with 0.5 microg/L representing the limit of
quantification. In this range, relative standard
deviations were <6% for intra-day precision and
<10% for inter-day precision. The accuracy was
within the range of 92-105% [19].

Asimple, rapid, sensitive and specific liquid
chromatography-tandem mass spectrometry
method has been developed and validated for
quantification of metoprolol tartrate and
ramipril in human plasma by Gowda K.V. et al.
Both the drugs were extracted by liquid-liquid
extraction with diethyl ether-dichloromethane
(70:30, v/v). The chromatographic separation
was performed on a reversed-phase C8 column
with a mobile phase of 10 mM ammonium
formate-methanol (3:97, v/v). The protonated
analyte was quantitated in positive ionization
by multiple reaction monitoring with a mass
spectrometer. The method was validated over
the concentration range of 5-500 ng/ml for
metoprolol and ramipril in human plasma. The
precursor to product ion transitions of m/z
268.0-103.10 and m/z 417.20-117.20 were used
to measure metoprolol and ramipril, respectively
[20].

Albers S. et al. have developed HPLC
quantification of metoprolol with solid-phase
extraction for the drug monitoring of pediatric
patients. Chromatographic analysis was per-

formed on a Spherisorb C(6) column (5 microm
particle size) at ambient temperature and
fluorimetric detection with an excitation wave-
length of 225 nm, and emission wavelength of
310 nm. The mobile phase [30% acetonitrile and
70% 0.25 m potassium acetate buffer (pH 4)]
was pumped with 1 mL/min. Metoprolol reco-
very was determined at 73.0 +/- 20.5%, and the
limit of quantitation was 2.4 ng/mL. Precision
values of intra- and inter-assay were below
15.5% and those for accuracy were between 90
and 110%. This method was developed for
monitoring and determination of pharma-
cokinetic parameters of metoprolol in pediatric
patients and therefore metoprolol plasma
concentrations in a 2-year-old child with
ventricular tachycardia were reported [21].

Angier M.K. et al. suggested gas chroma-
tographic-mass spectrometric differentiation
of atenolol, metoprolol, propranolol, and an
interfering metabolite product of metoprolol.
Atenolol, metoprolol, and/or propranolol, with
their possible metabolite(s), were re-extracted
from the selected case specimens, derivatized
with pentafluoropropionic anhydride (PFPA),
and analyzed by gas chromatography-mass
spectrometry (GC-MS). The MS spectra of these
three antihypertensives and a metoprolol
metabolite were nearly identical. All of the PFPA
derivatives had baseline GC separation, with
the exception of a metoprolol metabolite
product, which co-eluted with atenolol. There
were four primary mass fragments (m/z 408,
366, 202, and 176) found with all of the PFPA-
beta-blockers and with the interfering meta-
bolite product. However, atenolol had three
unique fragments (m/z 244, 172, and 132),
metoprolol had two unique fragments (m/z 559
and 107), propranolol had four unique frag-
ments (m/z 551, 183, 144, and 127), and the
metoprolol metabolite product had two unique
fragments (m/z 557 and 149). These distinctive
fragments were further validated by using a
computer program that predicts logical mass
fragments and performing GC-MS of deuterated
PFPA-atenolol and PFPA-propranolol and of the
PFPA-alpha-hydroxy metabolite of metoprolol.
By using the unique mass fragments, none of
the pilot fatality cases were found to contain
more than one beta-blocker. Therefore, these
mass ions can be used for differentiating and
simultaneously analyzing these structurally
similar beta-blockers in biological samples [22-
24].

From the above-mentioned, chromato-
graphic methods of analysis amongst others
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have the greatest specificity and objectivity and
allow qualitative and quantitative determination
of APIin combinate dosage forms and biological
fluids without prior separation of the compo-
nents. We can conclude that analysts are
constantly working on developing new methods
of analysis and their optimization in order to
save time and consumables, which also ensures
the efficiency of the developed method. The
main disadvantage of the described methods
of API analysis can be considered long term
from the beginning of chromatography to API
release and specific solvents used as the mobile
phase in HPLC. It is necessary to develop
methods and to select such chromatographic

by simplifying the conditions for sample pre-
paration.

Conclusions

Thus, analysts are constantly working on
developing new methods of analysis and their
optimization in order to save time and consu-
mables, which also ensures efficiency of the
developed method. There is no monograph on
the substance or dosage forms of metoprolol
in SPhU. Therefore, it would be appropriate to
recommend some of the developed methods
for the SPhU monograph, which is important
for ensuring pharmacopeial quality control of
medicines in Ukraine.

conditions that provide high speed and high
efficiency at lower pressure of the system. This
reduces the amount of used mobile phase,
which reduces cost analysis accordingly, while
at the same time providing the necessary
specificity, accuracy and reproducibility of the
results of the analysis during quality control.
Also, the reduction of analysis time is achieved
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METO/H AHAJII3Y METOIIPOJIOJY V JIKAPCBKHX 3ACOBAX TA
BIOJIOITYHHUX PIAMHAX: OIJIA/A JIITEPATYPHU TA MO>XK/INBI IIVIAXHW
3ACTOCYBAHHAA

3 . B M.M. FopwuH, N1.C. Nloroiiga
TEPHOITLIbCbKNV HALIOHAJIbHUN MEAVYHUN YHIBEPCUTET IMEHI I. 5. TOPBAYEBCHKOIO,
TEPHOI[L/Ib, YKPAIHA

BcTtyn. Po3pobka aHanimu4yHUx Memoodie ece binbwe 8npoe8ad#YyEMbCA y OCHOBHI NpaKMuUKU
papmayesmuyHoI Ximii ma papmayeemuyHo20 aHANI3Y 3 YPAXYBAHHAM iX 8UCOKOI Yymau8ocmi, mo4YHoOCMmi,
cneyugiyHocmi ma eidmeoprosaHocM.

MeTa po6oTu. Kpumepiamu nowyky 6yaa po3pobKa aHAAIMU4YHO20 MeMOJy Memonpoaoy.

MeTtopwn. 02150 imepamypu 6yn0 npogedeHo ynpodosxc 1990-2019 pokis, ujob 3pobumu 02150 0HO8AEHUM
ma 8CeocAXCHUM Ma NoKa3amu Hogi nidxoou 0o po3pobku Memodie aHanizy Memonponony. Axcepenamu byau
BU3HQOHI 8CECBIMHBO HCYPHAAU, O KNHYOBUMU C/1080MU, AKI BUKOPUCMOBYBA/UCH AK pinbmp, 6yau Memonpoo,
cnekmpogomomempisi, 8UCOKOepeKmuUBHA PiOUHHA XpoMamozpadis, KinbkicHUl aHani3, po3pobka Memodis,
sanioayis.

PesynbTaTtn. XpomamozpagiyHi memoou aHanizy, ceped iHWuUX, Maromes Halbinswy cneyudiky ma
06'eKmugHicmb ma 00380/1410Mb AKICHO MA KifIbKICHO 8U3HAYUMU aKMuUeHUU ¢papmayesmudHull iH2pedieHm
(A®I) 8 KOMBIHOBAHUX N1IKAPCLKUX pOpMAX Ma 6ion02i4HUX piOUHAX 6€3 NonepedHb020 p030ieHHS KOMNOHeHMI8.
MosxHa 3pobumu 8UCHOBOK, W0 GHANIMUKU NOCMIUHO npayrorome Had Po3pPobKOH HOBUX Memoodis aHANI3y
ma ix onmuMmi3ayi€ro 3 Memoro eKoHOMIi Yacy ma sUMPAMHUX Mamepiasnie, o MaKox« 3abe3neyye epekmusHicme
po3pobaeHo20 memody. OCHOBHUM Hed0iKOM ONUCAHUX Memodig aHanizy API MoXHa 8saxcamu mpusanuli
4ac 8i0 NOYaMKy xpomMamoz2padysaHHs 0o suxody A®I ma cneyudiyHi po34YUHHUKU, U0 BUKOPUCMOBYHOMbLCA
K MobinbHa pa3za 8 BEPX. HeobxioHO po3pobumu memodu ma nidibpamu maki xpoMamozpagiyHi ymosu, Aki
3a6e3ne4ame 8UCOKY WeUOKICMb ma 8UCOKY ePekmueHiCMe Npu HUXCYOMY MUCKy cucmemu. Lje 3meHwye
KinbKicms 8UKOpUCMO8Y8AHOI MOb6INbHOI Pa3u, ujo 8i0N0BIOHO 3MeHWYE aHANI3 8BUMPAM, 00HOYACHO
3a6e3neyyroyu HeobXiOHy cneyudiyHicms, MOYHICMb Ma 8idMeopr8aHICMbL pe3yasmamie aHani3y nid 4ac
KOHMPOo/t0 AKOCMI. TAKOMC CKOPOYEHHS 4acy aHAMi3y 00CA20€EMbCA WASAXOM CNPOUWEHHS YMO8 nid20mosKu
npobu.

BUCHOBKU. MoxHa 3p06umu 8UCHOBOK, U0 XiMIKU-QHAAIMUKU NnocmiliHoO npayroromes HOO po3pobKoro
HOBUX MEMOOUK aHAI3Y MA iX ONMUMI3AYiEr0 3 Memoro eKOHOMII 4acy ma 8UMPAMHUX MAmMepianie, ujo MAKox
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3a6e3neyye egpekmusHicmb po3pobneHo2o0 Memody. Ha 0aHull Yyac He Mae MOHo2pAdii Ha cybcmaHyito a6o
nikapcoki popmu memonposnony 8 A®Y. Tomy 6ysn0 6 doyinbHO pekomeHAysamu OesKi po3pobseHi Memoouku
0418 MoHozpaii ADY, wjo € saxuiusum 0414 3a6e3nedeHHs papmMakoneliHo20 KOHMPOO AKOCMI NiKAPCbKUX

PHARMACY

3aco6ie 8 YKpaiHi.

K/TKOHOBI CJ/TOBA: MeTonposio; cneKTpopoToMeTpifA; BUCcoKoedpeKTUBHa piANHHA XpoMaTorpadis;

KinbKicHMiA aHanis; po3po6ka meToay; Banigauis.
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