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Abstract: A kinetic method is described for the determination of sotalol. The method uses 0.033 M sodium vanadate to
oxidize sotalol in 4 M sulphuric acid. The solution is heated at 90°C and the absorbance is measured at 750 nm at a fixed
time of 30 min. The concentration (c) of sotalol is calculated from the absorbance (A) by the equation: A = 0.04 +

0.0015625 c.
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Introduction

Sotalol is a non-cardioselective beta-adrenergic
blocking agent [1, 2]. It is currently under
review for approval by the Food and Drug
Administration as an anti-arrhythmic drug.
Numerous methods for the determination of
sotalol in blood are available; the techniques
include spectrofluorimetry [3, 4], GC [5] and
most commonly HPLC [6-13]. This paper
describes a kinetic method for the determi-
nation of sotalol. The drug is oxidized by
sodium vanadate in sulphuric acid and the
resultant coloured species formed at a pre-
selected fixed time is measured at 750 nm; the
concentration of sotalol is calculated from the
corresponding calibration equation.

Experimental

Apparatus

Cary model 2300 UV-visible-NIR and Beck-
man model 35 spectrophotometers were used
for spectrophotometric measurements.
Matched sets of cells (10.00 mm) were used.

Reagents and samples

Analytical grade chemicals were employed
together with high-purity distilled water.

Sotalol hydrochloride was kindly supplied by
Bristol-Myers, Pharmaceutical Research and
Development Section, (Paris) batch ref. No.
138/76060/10910; the drug was 100.4% pure
and was used before the expiry date.

Stock solutions

Solution sotalol. A 1 mg ml™! solution was
prepared by dissolving 0.500 g of sotalol in
about 200 ml of warm water; the solution was
stirred for 5 min, cooled with tap water and
diluted to volume with water in a 500-ml
standard flask.

Sulphuric acid. A 10 M solution was pre-
pared.

Sodium vanadate solution. A 0.0485 M sol-
ution was prepared in 5 M sulphuric acid.

Procedure

To 17 ml of sodium vanadate solution a 25-
ml standard flask was added 1.5 ml of sulph-
uric acid and the appropriate amount of sotalol
solution. The mixture was diluted to 25 ml with
water; the flask was shaken gently and kept on
a water-bath at 90 + °C for 30 min. The
reaction was quenched by cooling with tap
water for 2 min and the absorbance (A4) of the
solution was measured at 750 nm. The concen-
tration (c) of sotalol (g ml~') was calculated
using the calibration equation: A = 0.04 +
0.0015625 c.

Results and Discussion

Kinetics and optimization

The oxidation reaction of sotalol with
sodium vanadate was found to be slow and led
to the formation of Vandium Blue that absorbs
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at 750 nm. For direct spectrophotometric
measurements, several hours are required to
complete the reaction and thus to attain
maximum absorbance. For this reason, a
kinetic method was considered as an alterna-
tive.

It was found that an increase in temperature
and an increase in the concentrations of
sodium vanadate and sulphuric acid enhanced
the rate of the reaction. 90°C was chosen as an
optimum temperature since it could be easily
monitored with an ordinary thermostatically
controlled water-bath. Above this temperature
chemical changes of the drug may occur.

In 4 M sulphuric acid the reaction rate is
measurable and is easily followed. The ad-
dition of more acid would limit the upper
concentration of sotalol that could be deter-
mined.

The use of high concentrations of sodium
vanadate is limited by the difficulty in dissol-
ution and the final dilution volume in the flask;
17 ml of a 60 mg ml™! solution in a 25-ml
standard flask is acceptable.

With such high concentrations of sulphuric
acid and sodium vanadate, the reaction rate is
dependent only upon changes in the initial
concentration of sotalol in accordance with the
following equation:

Rate = k' [sotalol]”,

where k' is the pseudo-nth order rate constant
and n is the order of the reaction with respect
to sotalol.

In the method, the reaction rate is followed
by measuring the change of absorbance at
different time intervals; thus at a fixed time,
the absorbance varies with different initial
concentrations of sotalol:

Table 1
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A = Kk’ [sotalol]”.

Calibration equation

Solutions were prepared using 4 M sulphuric
acid, 0.033 M sodium vanadate and different
concentrations of sotalol of 10-240 pg ml™'.
Reaction rates were determined for several
replicates and the absorbance values were
measured at pre-selected times. The regression
of absorbance against initial sotalol concen-
tration was examined for different fixed times.
It was found that linearity was best at sotalol
concentrations of 40-200 wg ml~'. Typical
results are shown in Table 1. On the basis of
the intercept and the correlation coefficient, a
fixed time of 30 min was chosen for absorbance
measurements. The following calibration
equation was followed for calculating unknown
concentrations of sotalol in pg ml~!: A = 0.04
+ 0.0015625 c.

Analysis of sotalol solutions

The fixed-time method was applied to the
determination of different known concen-
trations of sotalol in the range of 40-200 g
ml™'. The results (Table 2) indicate the high
accuracy of the method.

Table 2
Results of the analysis of sotalol solutions by the fixed-time
method using the equation: A = 0.04 + 0.0015625 ¢

Sotalol taken Sotalol found

(rg mi™Y) (pg ml™%) % Error SD*
40 39 -0.3 0.11
60 60 +0.2 0.14
80 79 -0.1 0.04

100 99 -0.1 0.20

140 140 0.1 0.10

170 170 0.0 0.03

180 180 0.1 0.01

*Standard deviation for five replicates.

Calibration equations obtained by the fixed-time method for 0.003 M sodium vanadate, 4 M sulphuric acid and different
concentrations (¢) of sotalol. Solutions were heated at 90°C and the absorbance (A) was measured at different fixed times

[Sotalol] pg ml~! Absorbance at 30 min

Absorbance at 45 min Absorbance at 60 min

40 0.102
80 0.165
120 0.226
160 0.290
200 0.350

Calibration equation A = 0.04 + 0.0015625 ¢

r 1.0

0.103 0.112
0.184 0.192
0.248 0.255
0.317 0.328
0.384 0.392

A =0.04 +0.0017375 ¢ A = 0.05 + 0.00174 ¢

0.980 0.988




KINETIC DETERMINATION OF SOTALOL

The method might be suitable for the deter-
mination of sotalol in drug formulations. How-
ever, since proprietary preparations of the
drug such as Sotalex, Beta-cardone or Sotacor,
quoted in Martindale [14], were not registered
in Saudi Arabia, the method was not applied to
formulated products of sotalol.

Proposed mechanism

The active site that is prone to oxidation in
sotalol and similar compounds is the N-iso-
propylethanolamine group. Oxidation with
sodium vanadate of the hydroxyl function gives
a ketone as the final product via formation of
an intermediate radical, similar to that
suggested earlier [15, 16]. The two steps of the
reaction could be represented by:
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