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Abstract

The electrochemical oxidation of bromocriptine at glassy carbon electrode has been carried out in Britton–Robinson (B–R) buffer so-
lutions in the pH range 2.0–11.0 employing cyclic, linear sweep and differential pulse voltammetry (DPV). Bromocriptine showed one
well-defined oxidation peak accompanied by a smaller one. The oxidation process was found irreversible. For analytical purposes, the well-
resolved diffusion controlled voltammetric peak at pH 5 was critically investigated. The linear relationship between peak current height and
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romocriptine concentration allowed the differential pulse voltammetric determination of the drug over a wide concentration ra
.04 to 5.00�g ml−1 with a detection limit of 0.01�g ml−1. A relative standard deviation of 1.44% at 0.1�g ml−1 level was obtained. Th
roposed DPV method was successfully applied for the individual tablet assay to verify the uniformity content of bromocriptine in co

ablets.
2004 Published by Elsevier B.V.
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. Introduction

The semi-synthetic ergot alkaloid bromocriptine[1] ex-
ibits several therapeutic effects[2–6]: (i) it has a beneficial
ffect in severely disabled patients suffering from Parkin-
on’s disease, (ii) it is used, like other ergot alkaloids, in
he treatment of migraine, and (iii) it is a strong inhibitor of
rolactin formation and have therapeutic potency in the treat-
ent of hyperprolactinaemia. These effects have been related

o its ability to block dopamine receptors and to its interaction
ith calmodulin-induced activation of phosphodiesterases in
uman brain[7,8].

Several analytical procedures have been published for
uantification of bromocriptine levels in biological fluids.
adioimmunoassay methods have been used to measure
romocriptine in rat tissue and in human plasma[9,10].
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Gas chromatographic, mass spectrometric and l
chromatographic techniques have been described fo
determinations of bromocriptine in human plasma[11–14].
High-performance liquid chromatographic (HPLC) meth
with UV or MS detector have also been reported[15–16].
Few reports for the determination of the drug in formulati
including X-ray fluorescence spectroscopic analysis[17]
and high-performance liquid chromatography[18] have
been published.

So far, it seems that, no report has been appeared in t
erature on the electrochemical redox properties of bromo
tine. Electroanalytical techniques, especially modern p
techniques, such as differential pulse have been used f
determination of a wide range of pharmaceuticals[19]. Thus,
the present paper describes the electrochemical behav
bromocriptine at a glassy carbon electrode using cyclic, li
sweep and differential pulse voltammetry and the analy
determination of the title drug in tablets by differential pu
voltammetry.
731-7085/$ – see front matter © 2004 Published by Elsevier B.V.
oi:10.1016/j.jpba.2004.10.013
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2. Experimental

2.1. Apparatus

The voltammetric measurements were performed using
a PC controlled AEW2 analytical electrochemical worksta-
tion with ECprog3 electrochemistry software (Sycopel, UK)
connected to C-2 stand with a three-electrode configuration:
a glassy carbon (BAS model MF-2012,Ø = 3 mm) working
electrode, an Ag–AgCl–3 M KCl (BAS model MF-2063) ref-
erence electrode and a platinum wire (BAS model MW-1032)
counter electrode. OriginPro 7.0 software was used for the
transformation of the initial signal. A Schott Geräte CG 808
digital pH meter with H 61 pH combination electrode (Mainz,
Germany) was used for the pH measurements.

2.2. Reagents

Bromocriptine mesylate and Lactodel® tablets were ob-
tained from (Amoun Phar., Cairo, Egypt). Stock solution
of bromocriptine was prepared by dissolving the drug in
methanol. Stock solution was stored under refrigeration and
was stable for at least eight weeks. Working solutions of
bromocriptine were obtained by serial dilution of the stock
solution into methanol. Britton–Robinson buffers (0.04 M in
e ed to
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3. Results and discussion

Preliminary differential pulse voltammetry experiments of
1.0�g ml−1 bromocriptine in B–R buffer over the pH range
2.0–11.0 at glassy carbon electrode were carried out. Rep-
resentative differential pulse voltammograms are shown in
Fig. 1. At the investigated pH, one well-defined peak was ob-
served accompanied by a smaller one. Thus, in the subsequent
work the study was focused mainly on the first oxidation peak
because of its analytical interest. The plot ofEp1 versus pH
showed two straight lines (Fig. 2a), which can be expressed
by the following equations in differential pulse voltamme-
try in B–R buffer:Ep1 (V) = 1.011 + 0.070 pH,r = 0.996 and
Ep1 (V) = 0.070 + 0.025 pH,r = 0.997. The intersection ob-
served in the plot at pH 7 is most likely attributed to a change
in protonation–deprotonation process of the electroactive in-
dolic moiety in the molecular structure of bromocriptine. The
best results with respect to signal enhancement (Fig. 2b) ac-
companied by sharper response was obtained with B–R buffer
at pH 5.0. Thus, this supporting electrolyte was chosen for
subsequent measurement experiments.

Cyclic voltammetry was also used to investigate the
anodic oxidation of bromocriptine. A typical cyclic

F
B rate,
1

Fig. 2. Effect of pH on (a) peak potential and (b) peak current in B–R buffer
using differential pulse voltammetry at glassy carbon electrode. Bromocrip-
tine concentration, 1.0�g ml−1; scan rate, 10 mV s−1; pulse amplitude,
50 mV; pulse width, 30 s.
ach of acetic, orthophosphoric, and boric acids, adjust
he required pH with 0.2 M sodium hydroxide) were u
s supporting electrolytes. All solutions were prepared
nalaR-grade reagents in double distilled water.

.3. Procedure

A 10 ml of the electrolyte solution was transferred into
oltammetric cell. After measurement of the blank solut
he appropriate amount of bromocriptine solution was a
nd the anodic potential sweep was carried under diff
perational parameters. All measurements were carrie
t room temperature. The peak heights were evaluate
eans of the tangent method. The glassy carbon elec
as polished manually with alumina (Ø = 0.01�m) in the
resence of bidistilled water on a smooth polishing cloth p

o each measurement.

.3.1. Tablets assay procedure
One finely ground tablet of Lactodel® (amount declare

.5 mg bromocriptine mesylate per tablet) was dissolve
ml methanol. The contents were sonicated for 10 m

nsure complete dissolution. A suitable amount of the su
atant liquor was diluted to 10 ml with 0.04 M B–R buf
olution at pH 5.0 to obtain a bromocriptine concen
ion of 0.10�g ml−1. The sample solution was transfer
o a voltammetric cell and recorded at least twice foll
ng the optimized experimental conditions. The amoun
romocriptine (mg) in the sample solution was calcula

rom the prepared standard calibration plot.
ig. 1. Differential pulse voltammograms for 1.0�g ml−1 bromocriptine in
–R buffers of different pH values, at glassy carbon electrode. Scan
0 mV s−1; pulse amplitude, 50 mV; pulse width, 30 ms.



A. Radi et al. / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 195–198 197

Fig. 3. Cyclic voltammograms of 10.0�g ml−1 bromocriptine solution on
glassy carbon electrode in B–R buffer at pH 5.0. Scan rate, 100 mV s−1. The
dotted lines represent blank solution.

voltammogram of 10.0�g ml−1 bromocriptine at glassy
carbon electrode in Britton–Robinson buffer at pH 5.0 is
shown inFig. 3. Bromocriptine showed a main anodic peak
followed by a smaller one. No reduction peaks were obtained
in the reverse scans at any scan rate used (until 500 mV s−1),
suggesting the irreversible character of the overall process
involved at the glassy carbon electrode.

Cyclic voltammograms recorded at different potential
scan rates showed a positive shift in the peak potential, which
confirms the irreversibility of the process, with a simultane-
ous increase in the peak current height when the scan rate
was increased. The linear relationship existing between peak
current and the square root of the scan rate (correlation co-
efficient 0.999) gave a slope of 0.90. The plot of logarithm
of peak current versus logarithm of scan rate (ν) also gave a
straight line (correlation coefficientr = 0.998) with a slope of
0.55, close to the theoretical value of 0.5, which is expected
for an ideal reaction of solution species[20], indicating that
the oxidation process is predominantly diffusion-controlled
in the whole range of scan rate studied.

The plot of the anodic peak potential (Ep) versus the loga-
rithm of scan rate (ν) was found linear, with a slope value
b= 2.303RT/αnaF of 0.082, whereα is the charge trans-
fer coefficient andna the number of electrons involved in
the rate-determining step. The dependence ofEp on pH is
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rate, 20 mV s−1) showed successive enhancement of peak
current on increasing bromocriptine concentration. An excel-
lent calibration curve over a wide range 0.04–5.00�g ml−1

was obtained. The calibration graph fitted the equation:ip1
(�A) = (0.0289± 0.0151) + (3.3997± 0.0306)C (�g ml−1),
with a correlation coefficientr = 0.9995. The limit of detec-
tion (LOD) of the developed procedure was calculated to
be 0.01�g ml−1, based upon the definition: LOD = 3Sy/x/b
[22], whereSy/x is the standard deviation ofy-residuals and
b is the slope of the calibration plot. The reproducibility of
the measurement was calculated for five independent runs
of 1.0�g ml−1 bromocriptine solution. The relative standard
deviations were calculated to be 0.72 and 1.44% for peak
potential and peak current, respectively.

The effect of various inactive ingredients (colloidal silicon
dioxide, gelatin, lactose, magnesium stearate, silicon dioxide,
sodium lauryl sulfate, starch, titanium dioxide, yellow iron
oxide) in the bromocriptine tablets was examined carrying
out the determination of 1.0�g ml−1 bromocriptine by the
developed method in the presence of each inactive ingredi-
ent at concentrations that can be found in the tablet dosage
form. A deviation of more than 2% from the peak current of
the solution containing no inactive ingredients was taken as
a sign of interference. The results showed that the inactive
ingredients in the bromocriptine tablets do not cause positive
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Ep/∂pH =mb [21], wherem is the electrochemical reacti
rder with respect to the H+ ion. The experimental value w

ound around 0.070 V per pH unit, meaning thatm= 1. These
ata are actually as expected for a one proton, one ele

ransfer process from the nitrogen atom of the indolic mo
n the rate-determining step.

.1. Analytical application

In order to develop a voltammetric method for the
ermination the drug, we selected the differential p
ode. Differential pulse mode yielded voltammogram
hich the peak currents were greater than those obt
y cyclic and linear sweep voltammetry. The DP volta
ograms (pulse amplitude, 50 mV; pulse width 50 ms;
r negative error in the measurements, indicating that
as no interference to the method.
The proposed DP voltammetry method was applied

he individual tablet assay in order to verify the unif
ity content of bromocriptine in tablets. The bromocrip
as commercially provided by Amoun Phar. (Cairo, Eg
resentation named Lactodel® tablets containing 2.5 m
f bromocriptine. High-performance liquid chromatogra
HPLC) with UV [18] detector was chosen as a compar
ethod to evaluate the validity of the proposed voltamm

ic procedure. The results obtained by the proposed
ere compared to those of the HPLC method utilizing

ain statistical evaluations. The results of the statistical
ations are demonstrated inTable 1. The results ofF- and

-tests showed that there were insignificant differences
ween the two techniques. Moreover, The content for a
ayed tablets falls within the claimed amount, fulfilling

able 1
pplication of the proposed voltammetric method to the determinatio
romocriptine analysis in single Lactodel® tablets

Proposed voltammetric
method

Reference HPLC
method[18]

abeled amount (mg) 2.50 2.25
6 6

¯ 2.48 2.51
0.040 0.011

L ±0.042 ±0.012
-test of significance 1.91 (2.23a)
-test of significance 0.075 (5.05a)

a The tabulatedt- andF-values, respectively, atP= 0.05.
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criteria of acceptance set according to the USP23 Uniformity
of the Dosage Units[23]. Content uniformity test allows not
a single one of the assayed tablets to deviate more than 10%.

4. Conclusions

The developed voltammetric method provides the advan-
tage of simplicity, precision and reliability. It allows direct
determination of bromocriptine by skipping several tedious
sample preparation steps. The proposed method is free from
the interferences of inactive ingredients used in the drug for-
mulation. In this study, the glassy carbon electrode was se-
lected, as it is very commonly used as electrochemical detec-
tor for HPLC and FIA techniques.
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