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Metoprolol tartrate (MPT) is a selective Pl receptor blocker drug mostly
administered in cardiovascular diseases. Due to the highly probable over
dosage, a rapid and easy to perform method for the quantitative
determination of MPT in biological matrices would be useful in its
therapeutic monitoring as well as in intoxication cases. The study presents a
validated method for the U.V.-VIS quantitative assay of MPT in bulk and
tablet formulations at Amax of 625 n.m. with molar absorptivity of 1.705 x
10° L. mole™ cm™. The parameters targeted for the validation were: linearity,
sensitivity, accuracy and precision. The presence of secondary amine group
in MPT molecule is the basis for the proposed visible spectrophotometric
method. Cobalt Thiocyanate (CTC) has been proved to be a valuable
chromogenic reagent for the detection and determination of amino
compounds. The coloured species formed is the coordination complex of the
drug and the central metal atom of CTC, which is extractable into
nitrobenzene from aqueous solution. Formation of blue coloured complex
when MPT is treated with CTC due to the presence of secondary amine
group in it is the basis in the present investigation. The developed method is
more selective, sensitive, reproducible, rapid, cheap and simple than in most
of the analogous methods. For these reasons, it can be used in routine
analysis and can be applied for the determination of MPT in pharmaceutical
formulations and biological samples.
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Introduction:

Metoprolol tartrate (MPT) is a cardio selective Bl
mainly used in

adrenergic  receptor antagonist

freely soluble in water with elimination half-life of
3-7hrs™®.

hypertension, angina pectoris, cardiac arrhythmia,
congestive  heart failure, myocardial infarction,
supraventricular tachycardia, ventricular tachycardia and
prevention of migraine headaches.  * * Chemically
MPT is Di [RS]-3-[4-(2-methoxy ethyl) phenoxy-1-
(isopropyl amino) propan-2-ol] tartrate (Figure I). It is a
white crystalline powder with molecular formula
(C1sH2sNO3), C4HgOs and molecular mass 684.82.1tis
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Figure: 1.Structure of MPT
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Mode of action of MPT is by reducing agonistic
effect of catecholamine’s on the heart (which is released
during physical and mental stress). This means that the
usual increase in heart rate, cardiac output, cardiac
contractility and blood pressure, produced by the acute
increase in catecholamine’s is reduced’. The drug is
quite sensitive, even small amount of drug doses giving
significant blockade of Bladreno receptors.®  However,
the B-Blockers are also misused as doping agents in
sports and therefore these drugs have been added to the
list of forbidden drugs by the International Olympic
Committee.’? Therefore the development of an
analytical method for the determination of MPT is of
great significance.

The drug is officially listed in Martindale The Extra
Pharmacopoeia.’* The recommended assay of the drug is
listed in the British Pharmacopoeia, which describes a
potentiometric titration method.* The various analytical
methods such as thin layer chromatography, *> 4 Mo
performance  liquid  chromatography, '’ gas
chromatography, *® capillary electrophoresis, *° infrared
spectroscopy, © and electrochemical methods®* have
been described for its determination. The above
mentioned techniques are good and sensitive but require
a laborious clean up procedure prior to analysis of the
drug. Spectrophotometry in the visible region is
attractive because of its speed, no pretreatment steps and
simplicity.

In the present study, a successful attempt has been
made to estimate the drug by U.V. spectrophotometric
analysis which is simple, rapid, accurate, reproducible
and economical method which has been described for
the determination of MPT in bulk as well as in tablet
formulations. The validation was performed in respect
of the ICH Q2 R1 regulations®® for analytical
procedures.

Materials and Methods:
Instrumentation:

All the spectral and absorbance measurements were
made in a Shimadzu UV-1601 model UV-Visible
spectrophotometer with 1cm matched quartz cuvettes.
PH measurements were made on an Elico LI1-120 digital
pH meter.

Chemicals and Reagents:

Pure drug samples of MPT were obtained as gift
samples from Aurobindo Pharma Limited, Hyderabad
and Dr. Reddy’s Laboratories, Hyderabad. Commercial
tablet formulations containing MPT were procured. All
chemicals and reagents used were of analytical grade.
Double distilled water was used for preparing solutions.

Preparation of Standard Stock Solutions:

A stock solution (Img/ml) of MPT was prepared by
dissolving 100 mg of it in 100ml of distilled water. A
portion of this stock solution was diluted with distilled
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water to obtain working standard MPT solution of 500
pg/ml concentration for the proposed method.

Study of Spectra and Selection of Wavelengths:

In order to ascertain the optimum wavelength of
maximum absorption (Ama) Of the coloured species
formed in spectrophotometric method, specified amount
of MPT was taken in final solution and the colours were
developed by following the mentioned procedures.
Absorption maximum is observed in the wavelength
region of 400 — 800 nm.

The absorption spectra were scanned on a
spectrophotometer in a wavelength region of 400-800
nm against a corresponding reagent blank. The results
were graphically represented in figure 2.

ABSORPTION SPECTRUM OF MPT-CTC SYSTEM

o4 [MPT]=7.3x10*M
0.35 [CTC]= 1.25x10*M

—e— Blank
—®— Test

Absorbance
o
N

I e e e

500 550 600 650 700 750

Wavelength nm

Figure: 2.Absorption spectrum of MPT-CTC System

The absorption curves of coloured species shows
characteristic absorption maxima, whereas the blank in
the method has low or no absorption in this region.

Preparation of Sample Solution:
CTC solution (2.5 x 10™ M):

It is prepared by dissolving 7.25gm of cobaltous
nitrate (BDH) and 3.89gm of ammonium thiocyanate
(BDH) in 100ml of distilled water.

Buffer solution (pH 2.0):

Prepared by mixing 306ml of trisodium citrate (0.1
M) with 694 ml of 0.1 M HCI and adjusted the pH to
2.0.

Nitrobenzene (Qualigens) used directly.
Proposed Procedure for the Determination of MPT:

Cobalt Thiocyanate (CTC) (formed by combination
of ammonium Thiocyanate and cobalt nitrate) has been
proved to be a valuable chromogenic reagent for the
detection and determination of amino compounds. The
coloured species formed is the co-ordination complex of
the drug (electron donor) and the central metal atom
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(cobalt) of cobalt Thiocyanate, which is extractable in to
nitrobenzene from aqueous solution. Blue coloured
complex is formed when MPT is treated with CTC due
to the presence of secondary amine group in it. This is
the basis in the present investigation. The probable
sequence of reactions presented in the Figure-3, as
below.

Figure-3

H H
R | | R
N \ / N

~ ~ 7
/ > —>/C0\<—
/ N
(CHg),HC (CHg),HC NCS SCN CH(CH,),
MPT Co-Ordination Complex of CTC with MPT

R= CH3-O-CH2-CH2©-O-CH2-8H-CHz-
H
Figure: 3.sequenceof reaction

Recommended Procedure for Bulk Samples:

In to a series of 125ml separating funnels,
containing aliquots of standard MPT solution (1-4ml,
500pg/ml), 2.0ml of buffer (pH 2.0) and 5.0ml CTC
(2.5x10™M) solutions were added. The total volume of
the aqueous phase in each separating funnel was
adjusted to 15.0ml with distilled water. To each
separating funnel, 10.0ml of nitrobenzene was added
and the contents were shaken for 2 minutes. The phases
were allowed to separate and the absorbance of the
separated nitrobenzene layer was measured at 625nm
against a similar reagent blank. The amount of the drug
was computed from the calibration graph.

Procedure for Pharmaceutical Formulations:

Preparation of MPT stock solution for pharmaceutical
formulations: An accurately weighed portion of the
tablet /capsule powder equivalent to 100mg of MPT was
extracted with 3x10ml portions of chloroform and
filtered after the deletion of spores. The combined
filtrate was evaporated to dryness and some portion of
the residue was dissolved in distilled water to get a
concentration of 1mg/ml. This solution was further
diluted stepwise with distilled water as under the
preparation of standard drug solutions and reference
method. Another portion of the residue was dissolved in
DMF to get a concentration of 1mg/ml.This solution
was further diluted with DMF as under the preparation
of standard drug solution. Then the procedures given
under bulk samples were followed for the assay of MPT
in formulations.

Analysis of Formulations:

To find out the suitability of proposed method
for the assay of pharmaceutical formulations, different
samples containing MPT were analyzed by the proposed
method and reference method. The results obtained
from each of the proposed methods and the reference
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method were compared statistically by the T and F-tests
and were found not to differ significantly. The results
were recorded in Table 1.

Recovery studies:

Recovery studies were conducted by analyzing each
pharmaceutical preparation in the first instance for the
active ingredient by the proposed method. 10 g of
MPT was added to each one of the previously analyzed
pharmaceutical preparations and the total amount of the
MPT was once again determined by the proposed
method after bringing the concentration within Beer’s
law limits. The results are recorded in the Tablel.

Interference studies:

The effect of wide range of excipients and other
additives usually present in formulations in the
determination of MPT under optimum conditions were
investigated. It was found that none of the excipients
present in pharmaceutical preparations, interfere in the
estimation of MPT, by the recommended procedure.
However preliminary treatment is necessary prior to its
estimation which has been described under procedures
for pharmaceutical formulations.

Beer's law piot of MPT-CTC System

Absorbance

0 50 100 150

Conc. of MPT{ pgimi

Figure: 4. Beer’s law plot of MPT-CCT System
Method Validation:

Validation is a process of establishing documented
evidence, which provides a high degree of assurance
that a specific activity will consistently produce a
desired result or product meeting its predetermined
specifications and quality characteristics. The proposed
UV spectrophotometric method was completely
validated according to the procedure described in ICH
guidelines and United States Pharmacopoeia for
validation of analytical methods. The performance
parameters evaluated for the method were linearity,
precision, accuracy.
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UV ABSORPTION SPECTRUM OF MPT Against
Reagent Blank (Water)

2.5 4
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Figure: 5. UV Absorption Spectrum of MPT
Linearity and sensitivity of the method:

Knowledge of the sensitivity of the color is
important and the following terms are commonly
employed for expressing sensitivity.

According to the Bouguer-Lambert-Beer’s law

Intensity of incident radiation
A=log - - - =gct
Intensity of transmited light

Beer's law plot of MPT in Aqueous Medium
(UV Method)
08
0.7 4 y =0.0068x + 0.0125
R’ = 0.9997
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o 05
2 —— MPT
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> 04
@
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= 03
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Figure: 6.Beer’s law plot of MPT in Aqueous Medium

The absorbance (A) is proportional to the
concentration (C) of absorbing species, if absorptivity
(e) and thickness of the medium (t) are constant. When
C is in moles/lit, the constant is called molar
absorptivity; Beer’s law limits and the emax values are
expressed as pg/ml and L mol™ cm™ respectively.
Sandell’s sensitivity refers to the number of pg of the
drug to be determined, converted to the colored product,
which is in a column solution of cross section 1Cm?
shows an absorbance of 0.001(expressed as pg/Cm?)

Ringbom’s plot:

The relative concentration error depends inversely
upon the product absorbance and transmittance. The
relative error increases at the extremes of the
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transmittance scale. The slope of plot ‘C’ versus ‘T’ i.e.,
Ringbom plot gives relative error coefficient (i.e. plot of
logCvsT).

RINGBOM PLOT OF MPT-CTC SYSTEM
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% Transmittance
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Log (Conc. Hg/mi)

Figure: 7. Ringbom’s plot of MPT-CCT System

The main limitations of Ringbom’s plot is that it
provides no information concerning the concentration
range of good precision unless it is combined with AT vs
T relations. The above expression is valid whether the
Beer’s law is followed or not.

Precision and Accuracy:

The purpose of carrying out a determination is to
obtain a valid estimate of true values. Precision and
accuracy together determine the error of an individual
determination. They are among the most important
criteria for judging analytical procedures by their results.

Precision:

Precision refers to the reproducibility of
measurement within a set, that is to scatter or dispersion
of a set about its central value. The term ‘Set’ is defined
as referring to a number (n) of independent replicate
measurements of some property.

Table: 1. Optical characteristics, precision and accuracy
of the proposed method.

Data Value
Aa™™ 625
Beer’s law limits (ug/ml) 50-200
Molar absorptivity 1.705x10°
(L.mole™.cm™)
Sandell’s sensitivity 0.04016
(ng/cm?/0.001 absorbance unit)
Standard error of estimate (Se) 7.38x10°
Standard deviation of slope (Sp) 6.6x107
Standard deviation of intercept 9.03x10°®
(Sa)
Slope (b) 0.0024
Intercept (a) 0.0099
Correlation coefficient (r) 0.9994
RSD 0.5455
0.05 level 0.5726
0.01 level 0.8979
Error in bulk samples 0.55
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The standard deviation ‘S’ is given by,

1 <\
S=——=) IX;-X
g ¥
Standard deviation has the same units as the property
being measured.

% Relative standard deviation=100 X (s/x).

Precision:

The precision of each proposed method was
ascertained by measuring the substance of six samples
each containing 2/3" the amount of the upper Beer’s law
limits. The percent of relative standard deviation and
percent range of error were calculated and summarized
in Table: 1.

Accuracy:

To determine the accuracy of the proposed method
different amounts of bulk samples of the MPT were
taken and analyzed by the proposed method and the
results (percent error) are given in Table: 1.

Results and Discussions:

The proposed method has been planned to serve as
a key to visible spectrophotometric methods which have
been developed (reported and proposed) and
successfully applied to the analysis of sample (bulk and
pharmaceutical formulations) containing MPT.The
various functional groups present in the MPT molecule
permits the visible spectrophotometric methods for its
determinations, through a wide range of more or less
specific reactions and it was felt that it would be worth
presenting them from a critical stand point taking into
account simplicity, sensitivity, selectivity (specificity),
precision and accuracy.

The optimum conditions incorporated in the
proposed procedure for the determination of MPT were
established through control experiments based on the
maximum colour development and stability of the
coloured species formed in different reactions.

Validity of the analytical methods proposed for the
determination of MPT was established from the
precision (calculating percent relative standard
deviation, percent range of error at confidence limits
with D=0.05 and 0.01 levels from six determinations)
and accuracy (percent error in bulk samples,
comparisons of results, obtained by the proposed
method with the reference method in the case of
pharmaceutical formulations and recovery experiments)
studies. The sensitivity of the method was ascertained
through molar extinction coefficient, Sandell’s
sensitivity, optimum photometric range and Beer’s law
limits. The regression analysis using the method of least
squares was made for slope (b), intercept (a), and
correlation coefficient (r) obtained from different
concentrations. The data obtained in the determination
of MPT with different reagents are summarized in
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Tablesl. For comparison of results obtained by
proposed method, a UV reference method in water was
developed for the quantification of MPT at an
appropriate Ama.

The selectivity (or specificity) of the proposed
method was ascertained through interference studies
with other active and inactive ingredients usually
present in pharmaceutical preparations. The results
obtained from the proposed method and the UV
reference method were compared statistically by the ‘t’
and ‘F’ tests and were found that the proposed method
not to differ significantly in precision and accuracy from
the UV reference method (Tablel). The sensitivity data
(emax @and Beer’s law limits) of the proposed method in
the determination of MPT is furnished in Table -1.

Conclusion:

The present study was undertaken with an objective
of developing simple, sensitive and reliable analytical
method like UV-Visible spectrophotometry for
estimation of MPT with CTC in tablet dosage form. The
method has sufficiently good accuracy, precision and
permitted as a cost effective as other methods. The
results of validation tests were found to be satisfactory.
The analytical method is simple, sensitive, rapid and
specific. For these reasons, it can be used in routine
analysis and can be applied for the determinations of
MPT in pharmaceutical formulations and biological
samples in the laboratories of research, hospitals and
pharmaceutical industries.
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