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Abstract

The electrochemical behavior of pramipexole dihydrochloride was studied at carbon
paste electrodes in 0.04 M Britton—Robinson buffer of pH 6.08, using cyclic and
differential pulse voltammetric techniques. The oxidation of pramipexole
dihydrochloride is an irreversible diffusion-controlled process. A differential pulse
anodic voltammetric procedure has been developed for determination of the drug over
the concentration range of 1.20 — 8.23 pg/mL, with detection and quantification limits
of 0.21 and 0.68 pg/mL, respectively. The proposed method was successfully applied
for the determination of the drug in its commercial tablets.

Keywords: pramipexole dihydrochloride, differential pulse anodic voltammetry, carbon
paste electrode, pharmaceutical formulation.

Introduction

The structural formula of pramipexole dihydrochloride monohydrate, (S)-2-
amino-4, 5, 6.7-tetrahydro-6-(propylamino) benzothiazole dihydrochloride,
monohydrate [191217-81-9] is as given in Scheme 1. It is a non-ergot dopamine
agonist with actions similar to those of bromocriptine. It is similarly used in the
management of Parkinson’s disease, either alone or as an adjunct to levodopa. It
is also used for the treatment of moderate to severe restless legs syndrome [1].
Various analytical methods have been reported in literature for determination of
pramipexole dihydrochloride, including high performance liquid chromatography
(HPLC) [2-12], high performance thin layer chromatography [13], liquid
chromatography tandem mass spectrometry [14, 15], gas chromatography mass
spectrometry GC/MS [16], spectrophotometry [17-24], and potentiometry [25,
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26]. Recently, voltammetric determination of this drug using glassy carbon
electrodes was reported [27-30]. The present work aimed to study the
voltammetric behaviour and make an assay with pramipexole dihydrochloride at
carbon paste electrode, using cyclic and differential pulse voltammetry.
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Scheme 1. Structural formula of pramipexole dihydrochloride monohydrate.

Experimental

Reagents and materials

All chemicals were of analytical grade. Double distilled water was used
throughout all experiments. Pure grade pramipexole dihydrochloride
monohydrate and the Ramixole pharmaceutical preparation (I mg pramipexole
dihydrochloride monohydrate/tablet) were kindly supplied by EVA Pharma for
Pharmaceuticals and Medical Appliances, Cairo, Egypt; graphite powder (1-2
um) was from Aldrich, and paraffin oil was from BDH. As a supporting
electrolyte, a series of 0.04 M Britton—Robinson (BR) buffers of pH 2.0 — 11.5 (a
mixture of each of acetic, orthophosphoric and boric acids), adjusted to the
required pH with 0.2 M sodium hydroxide, was prepared.

Apparatus

All voltammetric measurements were performed using a Metrohm 797 VA
Computrace (Herisau, Switzerland) equipped with a Metrohm VA 694 stand. The
three electrodes assembly cell consisted of a carbon paste electrode (CPE) as
working electrode, an Ag/AgCl in 3 mol/L KCl (Metrohm 6.0728.000) as a
reference electrode, and a piece of platinum wire (Metrohm 6.0343.000) as an
auxiliary electrode. The pH measurements were carried out with a Hanna pH 211
microprocessor pH meter.

Preparation of the carbon paste electrode

The carbon paste was prepared by thoroughly mixing 5 g of graphite powder
with 1.8 mL of paraffin oil in a mortar with a pestle. The carbon paste was
packed into the hole of the electrode body and smoothed on a piece of clean
paper until it had a shiny appearance. The electrode body was constructed by
pressing a small rod of stainless-steel (diameter 2 mm) inside a micropipette tip
(1 mL volume capacity), leaving a space at the surface tip of approximately 1
mm for housing the carbon paste; a thin wire was inserted through the opposite
end to establish electrical contact [31]. The carbon paste electrode was immersed
in the supporting electrolyte placed in the cell, and several sweeps were applied
to obtain a low background current.
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Procedure

A 10 mL 0.04 M Britton—Robinson buffer of pH 6.08 solution was introduced
into the voltammetric cell; then, a known amount of the drug solution was
pipetted into the cell. The differential pulse technique was applied by scanning
from 0 to 1.4 V with a scan rate of 50 mV s’!, and a pulse amplitude of 60 mV.

Determination of pramipexole dihydrochloride monohydrate in Ramixole
tablets

Twenty tablets (each tablet contains 1 mg of pramipexole dihydrochloride
monohydrate) were accurately weighed and powdered in a mortar. The required
amount from the crushed tablet powder was dissolved in about 30 mL of bi-
distilled water, and the mixture was filtered in a 100 mL measuring flask. The
residue was three times washed with bi-distilled water, and the volume was
completed to the mark by the same solvent. A 10 mL volume of 0.04 M Britton—
Robinson buffer of pH 6.08 was introduced into the voltammetric cell, and a
suitable volume of the above tablet solution was pipetted into the buffer in the
voltammetric cell; the procedure is repeated as above described. The nominal
content of the tablets is calculated using a standard addition technique.

5000

4000 -

3000 -

1/ nA

2000

1000

0————

-1000

0.0 012 0.‘4 0‘.6 018 1 10 1.‘2 1.4

E/V
Figure 1. Cyclic voltammogram for 2.91x10° M solution of pramipexole
dihydrochloride in a 0.04 M Britton-Robinson buffer of pH 6.08, and a scan rate of 50

mV s on a carbon paste electrode.

Results and discussion

Voltammetric behavior

Fig. 1 shows the cyclic voltammogram for 2.91x10°> M pramipexole
dihydrochloride in a 0.04 M Britton—Robinson buffer of pH 6.08, at a scan rate of
50 mV s7'. An oxidation peak appears at 0.681 V; this may be due to the
oxidation of the amino group of the benzothiazole ring of the drug molecule. No
reduction peak is observed in the cathodic branch, which suggests that the
process is irreversible. The effects of the scan rate on the peak current and peak
potential were examined from 10 to 100 mV s~!. The plotting oxidation current
against the square root of the scan rate gave a linear relation, which indicates that
the oxidation of the drug is controlled by diffusion [32]. The controlled diffusion
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process was confirmed by the plotting logarithm of the peak current vs. the
logarithm of the scan rate. This graph gives a straight line relation with a slope of
0.39, which is close to the theoretically expected 0.5 value for a diffusion-
controlled process. The oxidation potential shifts to more +ve values by
increasing the scan rate, which confirms the irreversibility of the oxidation
process.

Selection of the optimum experimental parameters

Effect of the type of supporting electrolytes and pH of the solution

Different supporting electrolytes e.g., Britton-Robinson buffer, citrate buffer, and
potassium chloride, were tested. It was found that the electrochemical response
of pramipexole dihydrochloride was best in a 0.04 M Britton-Robinson buffer.
The effect of pH on the oxidation of the drug was tested over the pH range of 2.0
- 11 using cyclic voltammetry (Fig. 2). The peak current increases by increasing
pH, until it reaches its maximum at pH 6.08, then decreases; so, a 0.04 M
Britton-Robinson buffer of pH 6.08 was selected as the optimum supporting
electrolyte. The peak shifted to less positive values with an increased pH,
suggesting that the protons are involved in the electrode reaction process. The
plot of peak potential versus pH gives a linear relation in the pH range of 3.06 —
10.21, with a slope of 60 mV per pH unit.
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Figure 2. Effect of pH on the cyclic voltammetric anodic current (a) and peak potential
(b) of 9.9%10°® M pramipexole dihydrochloride in a 0.04 M BR buffer.

Effect of pulse amplitude

The effect of change of pulse amplitude over the range of 10 — 100 mV on the
peak current of 3.98x10® M pramipexole dihydrochloride was studied. The
anodic peak current was increased by increasing the pulse amplitude from 10 to
60 mV; then, it remained nearly constant (Fig. 3). So, a 60 mV pulse amplitude
was used for further measurements.

Calibration curves, limit of detection and limit of quantification

Under the optimum parameters, the relation between the anodic differential pulse
peak current and the drug concentration was linear in the concentration range of
1.20 — 8.23 pg/mL of pramipexole dihydrochloride (Fig. 4). The linear relation
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was described by the following regression equation: I (nA) = 88.99 + 66.18 C
(ug/mL), with a correlation coefficient of 0.9991. The limit of detection (LOD)
and the limit of quantification (LOQ) were calculated by the relation (k(SDa)/b)
[33], where k = 3 for the limit of detection, and 10, in case of the limit of
quantification, SDa is the standard deviation of the intercept, and b is the
calibration curve slope. The analytical parameters for the calibration graph are
shown in Table 1.
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Figure 3. Effect of pulse amplitude on the peak current for 3.98x10° M pramipexole
dihydrochloride in a 0.04 M BR buffer pH 6.08 and a scan rate of 50 mV s
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Figure 4. Differential pulse voltammograms for different concentrations of pramipexole
dihydrochloride in a 0.04 M Britton-Robinson buffer of pH 6.08, scan rate of 50 mVs,
and pulse amplitude of 60 mV: a, 1.20; b, 2.40; c, 3.58; d, 4.76; e, 5.93; f, 7.09; g, 8.23
pg/mL pramipexole dihydrochloride. The dotted line represents the blank solution.

Table 1. Analytical parameters of the calibration graph for the determination of
pramipexole dihydrochloride using the differential pulse anodic voltammetric method.

Parameter

Linear range / ugmL! 1.20-8.23
Slope 66.18
Intercept 88.99
Correlation coefficient (1) 0.9991
LOD / pgmL! 0.21
LOQ/ugmL’! 0.68
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Reproducibility and robustness

The intra-day and inter-day (day-to-day) reproducibility, described as RDS, were
1.27 and 2.49 % (n = 8) for 3.98x10° M of pramipexole dihydrochloride. Small
changes in some experimental parameters, e.g., pH of buffer solution (5.98-6.18),
and pulse amplitude (57-63) were tested to evaluate the robustness [33] of the
developed method (Table 2). The results indicate that none of the changes
significantly affects the recovery of the drug. This provides an indication about
the reliability of the method, and the proposed method could be considered
robust.

Table 2. Robustness results of the proposed method.

Variable Recovery, % RSD
pH = 598 98.30 1.45
6.08 98.46 0.346
6.18 97.99 2.58
Pulse amplitude = 57 101.13 0.695
60 98.46 0.346
63 99.63 0.734

(Average of four determinations)

Interferences

To prove the selectivity of the method, interferences from excipients usually
present in pharmaceutical formulations were tested. The results indicate that no
interferences (<4.8% change in the oxidation current) were observed in the
presence of 100 fold excess of maize starch, magnesium stearate, lactose and
talc. So, it can be concluded that the proposed method is sufficiently selective in
the determination of the drug, and no previous separations or extractions were
needed.

Determination of pramipexole dihydrochloride monohydrate in its Ramixole
pharmaceutical formulation

The developed voltammetric method was proved to be useful in the
determination of pramipexole dihydrochloride monohydrate in its Ramixole
tablets pharmaceutical formulation. The results are summarized in Table 3.

Table 3. Statistical comparison between the results of Ramixole (I mg pramipexole
dihydrochloride monohydrate / tablet) using the proposed differential pulse
voltammetric method and the reference method.

Parameters Proposed DP voltammetric method Reference
method [6]
Mean recovery, % 99.04 98.25
SD 0.965 0.689
RSD, % 0.974 0.701
F-ratio (5.41) 1.962
t-test (2.306) 1.522

The results confirm that there is no interference from the excipients used in the
formulation of tablets. The recovery results obtained by the proposed
voltammetric method were compared with the published HPLC reference method
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[6]. The results are in good agreement with those obtained from the reference
method. Students t- and F-test at 95% confidence level were applied [34]. The
results show that the calculated t- and F- values did not exceed the tabulated
values. There is no significant difference in accuracy or precision between the
proposed voltammetric method and the reference HPLC method.

Conclusions

In this work, the electrochemical behavior of pramipexole dihydrochloride on a
carbon paste electrode has been investigated by cyclic and differential pulse
voltammetry, and on the basis of this voltammetric behavior differential, a pulse
anodic voltammetric procedure was developed for determination of this drug in
its pharmaceutical formulation. The proposed voltammetric method shows
advantages, such as simple, rapid, low cost, and easy renovation of the carbon
paste electrode. The proposed method is less expensive than alternative
techniques like HPLC, and hence, it can be applied to routine determination of
this drug in quality control laboratories.
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