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Abstract 
The electrochemical oxidation of the D-(Aminosulfonyl)-4-chloro-N-(2,3-dihydro-2-methyl-lH-indol-l-yl)benzamide, Indapamide, was 
studied in aqueous alcoholic media (9:91 MeOH+H20,  pH range 1-13) and two different ionic media (KNO? and KCI) at carbon 
electrodes. The oxidation processes attributed to indoline ring and benzamide moiety have been shown to be irreversible and diffusion- 
controlled over the entire pH range in both media. A differential-pulse voltammetric method was developed upon the basis of the 
voltammetric peak due to indoline ring, at pH around 2.3 (phosphate buffer) and using KN03 as ionic medium. The peak current i, showed 
a linear relationship with concentration in the range 5.92 x lo-' M-1.86 x lo-' M with a detection limit of 9.87 x lo-* M (37 ppb) and a 
reproducibility (in terms of relative standard deviation) of 4.8% and 9.3% for 10 determinations of 2.67 x IO-' M and 1.07 x M 
concentrations, respectively. The diKeerential-pulse voltammetric method for Indapamide was applied to assays of pharmaceuticals 
(Tertensif, 2.5 mg) and urine samples. 
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1. Introduction 

3-(Aminosulfonyl)-4-chloro-N-(2,3-di hydro-2-methyl- I H-in- 
dol-1-y1)benzamide (Indapamide, see Scheme 1) is a drug 
endowed with both antihypertensive and diuretic activity. 

Indapamide differs from the majority of diuretics in that it has 
comparatively high lipid solubility; it is also bound to  blood 
proteins and elastin in vascular smooth muscle and little is 
eliminated in the urine. It may be for these reasons that the drug 
has less diuretic activity but more pronunced effect on vascular 
smooth muscle than compounds of similar structure [I]. From a 
pharmacokinetic point of view it has been documented that 
Indapamide, administered orally to man, is rapidly and entirely 
absorbed within 1 h with a maximun blood concentration of 
140ppb. lndapamide binds (79%) to plasma proteins, it is 
extensively metabolized and widely distributed through out the 
tissues and only 5% of unchanged drug is excreted in the urine [2]. 

lndapamide belongs to the group of diuretics, which have 
been considered as banned substances in sports, since 1986 [3]. 
Diuretics have been used to reduce body weight in order to 
qualify for a lower weight class and to manipulate urine to  avoid 
a positive result in doping test. Indapamide levels in biological 
fluids have been measured by thin-layer chromatography using 
both unlabeled and labeled drug [4,5], fluorimetry [6,7] and liquid 
chromatography (HPLC) with photometric detection [8,9]. 

Electroanalytical methods have also been applied to  diuretics 
analysis. Malecki and Staroscik [lo] reported the potentiometric 
determination of sulfonamidic derivatives (Acetazolamide, Sulfa- 
cetamide, Hydrochlorotiazide and Furosemide). The polaro- 
graphic analysis of thiazidic diuretics [ 1 1 - 141, the coulometric 
determination of Bumetanide and Furosemide [ 151, the voltam- 
metric analysis of Bumetanide [ 161, Furosemide, Piretanide [17], 
Torasemide [ 181, nonthiazide diuretic Xiparnide [I91 and the 
differential-pulse adsorptive stripping analysis of Torasemide 
[20] have also been reported. 

Scheme 1. Indapamide 

The aim of this work was to  study the oxidative properties of 
lndapamide at  carbon electrodes for a further development of a 
voltammetric method for its determination in pharmaceuticals 
and urine samples. 

2. Experimental 

2.1. Apparatus 

Voltammetric measurements were made using a Princeton 
Applied Research Corporation (PAR) Model I74 polaro- 
graphic analyzer equipped with a Houston Omnigraphic X- Y 
recorder. Cyclic voltammetry experiments were made with an 
Eco Chemie Autolab voltammetric analyser coupled to a 
Metrohm Model VA 663 three-electrode stand. 

Chromatographic analysis was carried out using a Series I1 
1090L Liquid Chromatograph Hewlett-Packard equipped with 
a diode-array detector. The instrument was linked to a H P  9000/ 
300 work-station (Hewlett-Packard). 

A thermostated cell of 50 mL capacity and a three electrode 
system involving a Metrohm carbon paste electrode (8mm of 
internal diameter) or Metrohm glassy carbon electrode (3 mm of 
internal diameter) as the indicator electrode, saturated calomel 
as the reference electrode and a platinum wire as  the auxiliary 
electrode was employed. A constant temperature of 25 31 0.1 "C 
was used throughout the work. 

Measurements of p H  were carried out with a Radiometer 
pHM64 digital pH-voltmeter using a combined glass/Ag/AgCl/ 
KCI Ingold gk2301 c. 

2.2. Electrode Maintenance 

Daily and before starting the experimental work, a new 
carbon paste electrode was created by extruding and removing a 
small piece of the paste. This fresh surface was polished on a 
coated paper. The renewing of the electrode surface was 
repeated when the blank voltammogram showed considerable 
background currents. 

When a glassy carbon electrode was utilized, firstly it was 
polished with alumina and secondly cleaned with water before 
starting voltammetric scans at the different pH values. 
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Fig. I .  Differential-pulse voltammograms of Indapamide solutions (2.43 x 
KN03, 3) TMACI, 4) NaC104. B L - B ~ :  blank solutions. Scan rate, 0.01 Vs-'. 

M in 9:91 MeOH + HzO) in different ionic media at pH 2.1 5. I )  KCI, 2) 

The procedure used for the voltammetric measurements was 
as follows: 

The voltammogram of the blank was made after three 
succesive potential scans, previously stirring for 30s of the 
blank solution. After that, an aliquot of the sample was added 
and stirred for 2 min, before the sample voltammogram was 
recorded. The working electrode was always kept in contact 
with sample solutions. Inverse scans were always recorded. 

2.3. Reagents and Solutions 

A stock solution (2.67 x M) of 3-(aminosulfonyl)-4- 
chloro-N-(2,3-dihydro-2-methyl-1H-indol-l-yl)benzamide, In- 
dapamide, was prepared in HPLC-grade Lab-Scan methanol 
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Fig. 2. Differential-pulse voltammograms of Indapamide solutions 
(2.43 x M in 9:91 MeOHfH20) at  different concentrations of 
KC1: I )  0.01 M, 2) 0.05 M, 3) 0.45 M and at pH value of 2.15. Scan rate, 
0.01 Vs-'. Variation of Ep with logarithmic of chloride concentration 
(2.43 x 10-6 M of Indapamide in 9:91 MeOH + HzO) for different pH 
values: (0) 1.72, (0) 2.12, (A) 2.60, and (0) 3.00. 

and stored in the dark under refrigeration. A stock Britton- 
Robinson buffer solution (B-R), which was 0.04M in glacial 
acetic acid, phosphoric acid and boric acid, was prepared from 
analytical grade reagents; buffer solutions were prepared adding 
the necessary amount of KOH in order to obtain the appropiate 
pH value. Nitric acid and hydrochloric acid solutions were used 
for the more acidic pH values. 

All the reagents were of analytical grade and solutions were 
prepared using water obtained by Milli-RO and Milli-Q Waters 
system. 

3. Results and Discussion 

Indapamide, 3-(aminosulfonyl)-4-chloro-N-(2,3-dihydro-2- 
methyl-I H-indol- 1-yl)benzaniide, was oxidized at carbon 
electrodes in aqueous alcoholic medium (9:91 MeOH + H 2 0 )  
in the pH range 1-13, using Britton-Robinson buffers as 
supporting electrolytes. 

A study of the effect of the ionic media on the voltammetric 
behavior of Indapamide was carried out at the carbon paste 
electrode. The influence of the different ionic media used on the 
oxidation of the diuretics Bumetanide [I61 and Besunide [21] has 
been previously observed in our laboratory. KCI, NaCI, KN03, 
NaCIO4 and tetramethylammonium chloride (TMACI) were 
assayed. As seen in Figure 1, in acidic pH values, the utilization 
on salts which contain chloride ion gave rise to two voltammetric 
peaks and one shoulder (prewave), instead of two peaks shown 
for the other ionic media used. For Indapamide, the peak at less 
positive potentials is not affected by the use of the different salts. 

The oxidation process was also influenced by the different 
chloride ion concentration. An increase of KCI concentration 
produces a better definition of the voltammetric peak at more 
positive potentials, while the prewave was not affected. The 
current and potential of this voltammetric peak were dependent 
on chloride ion concentration, obtaining a linear relationship 
between peak potential and chloride concentration, Figure 2. 
The peak current increased with chloride ion concentration up 
to a concentration of 0.2 M where it reached a constant value. 
The oxidation was favored in the presence of a high chloride 
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Fig. 3 .  Differential-pulse voltammograms of Indapamide solutions (2.43 x 10 
2.13, 2) 4.01, 3 )  7.49, 4)10.32. Scan rate, 0.01 Vs-‘. 

M in 9:91 MeOH + H20) in 0.4 M KNO, at different pH values. 1) 

0) 0.3 0.5 0.7 0.9 IJ 

concentration.The same behavior was observed when a glassy 
carbon electrode was used as working electrode. 

At pH values greater than 4, the oxidation process was not 
affected by the different salts used as ionic media. 

The oxidation of Indapamide was carried out using both 
KN03  and KCl as ionic media and at carbon electrodes (paste 
and glassy carbon) in order to study the electrochemical 
behavior of this diuretic at these different ionic media. 

The influence of pH on the oxidation processes was studied 
and an evolution of voltammograms was observed. Two 
voltammetric peaks were observed in the whole pH range 
studied, Figure 3. An increase in pH produced a shift in the 
oxidation peaks to less positive potentials, with the exception of 
the peak which appears at pH values greater than 7.0, whose 
peak potential keeps practically constant with pH (E, = + 0.4 V 
vs. SCE). The peak current of both voltammetric peaks was also 
dependent of pH. The maximum peak current value for the first 
voltammetric peak was obtained in the pH range 1.6-3.8. This 
peak was used for quantitative determination of the diuretic, 
due to its better definition compared with the voltammetric peak 
at more positive potentials, which makes its yuantitation easy. 

The plots of peak potential, E, vs. pH (Fig. 4) for both ionic 
media and carbon electrodes showed straight lines, which can be 
expressed by the equations collected in Table 1. 

The reversibility of anodic processes was studied using cyclic 
voltammetry and differential-pulse voltammetry. an of the 
anodic reactions corresponding to both voltammetric peaks 
were obtained using Tafel plots (log i vs. E )  and lEp-Ep,21 values. 

At carbon paste electrode, an values 1.33 and 0.90 were 
obtained for KN03  and KC1 media for the first voltammetric 
peak, and 0.74 and 0.92 for the second voltammetric peak. These 
values together with the absence of cathodic waves in cyclic 
voltammetry (Figs. 5 and 6) indicated the irreversibility of the 
oxidation reactions. The peak potential, E,, in cyclic voltam- 
metry changed with the scan rate, but a linear relationship was 
not observed in the whole scan rate range used (0.01-2 VSC’). 

A similar oxidative behavior was obtained when glassy 
carbon electrodes were utilized. The irreversibility of anodic 
reactions was also demonstrated by an values (2.08 and 1.92 for 
first voltammetric peak and 1.12 and 0.79 for the second one for 
K N 0 3  and KC1 media, respectively) and the absence of cathodic 
waves in cyclic voltammetry. 

Half peak widths, Wlj2, calculated from differential pulse 
voltammograms of the peak at less positive potentials were 
greater than those excepted by a two-electron reversible process 
[22]. A mean W112 value of 85mV was obtained up to pH 3.0 
and was increased with pH. Generally, Wl,2 values at carbon 
paste electrodes were greater than those observed at glassy 
carbon electrodes at pH values higher than 3.0. 

The diffusion control of both processes was demonstrated by 
the linear relation of peak current, i,, and the square root of the 
scan rate, obtained from the cyclic voltammograms at a scan 
rate range of 0.01-2 VSK’ , (Figs. 5 and 6), and by the constant 
value obtained for the current function in both media and 
electrodes used in the whole pH studied. 

From an values and the slopes of the Ep-pH plots, number of 

Table 1. Equations of Ep vs. pH plots for the oxidation of Indapamide in different ionic media at carbon electrodes. 
.. ~ ~ - _ _ _ _ _ - - ~  ~ . ~- 

Glassy carbon Carbon pcrste 

pH range Equation p H  rungr Equution 

First peak KNO? 1.72-6.99 Ep == 0.629-3.38 x lO-’pH ( r2  = 0.993) 1.40-5.50 Ep = 0.659-3.74 x lO-’pH ( r2  = 0.996) 

KC1 1.67-6.44 Ep == 0.639-4.00 x 10-2pH (r2 = 0.997) 1.50--6.00 E ,  = 0.674-4.35 x IO-’pH (r2 = 0.996) 
Second peak KNO, 1.72-5.49 Ep == 1.040-3.55 x lo-* pH (r2 = 0.994) 1.40-5.00 Ep = 1.010-2.71 x lO-’pH (r.’ = 0.993) 

10.31-12.09 Ep == 0.545-3.92 x 10-2pH ( r2  = 0.996) 

5.14-9.28 Ep == 1.170-6.10 x IO-’pH (r2 = 0.990) 5.00-6.94 a shoulder 

1.67-8.76 
>9.28 Ep == cte = 0.585V 6.94-8.97 E,, = 1.076-4.89 x pH (r2 = 0.990) 

>9.50 Ep == cte = 0.585V 1.50-9.50 Ep = 1.080-4.92 x IO-*pH (r2 = 0.997) 
KC1 Ep == 1.092-5.403 x lo-* pH (r2 = 0.997) 

~~ .- ~ ~ ~ ~ _ _ _ _ _ . ~ -  ~ -~ ~~ ~~ _ _ _ ~ ~  ~~~ ~ _ _ _ _ _ ~  .~ ~ ~ ~ _ _ _ _ _  

Electroanulysis 1996, 8, No. 3 



Electrochemical Oxidation of the Diuretic IndaDamide 283 

0.9 

0.5 

0.9 

05 

0.9 

0.5 

OJ 

0.9 

0.5 

01 

m " R H  

-\ pH 

PH 
3 6 9 12 

PH 
3 6 9 12 

n 
a n  

PH 
3 6 9 I2 

Fig. 4. Variation of the peak potential ED with pH of aqueous alcoholic 
solutions of Indapamide (2.43 x M) at a) carbon paste and b) glassy 
carbon electrodes. (A)  First voltammetric peak and (0) second 
voltammetric peak. 

protons were calculated for different pH zones studied. In all the 
cases, where Ep showed a pH dependence, one proton was 
involved in the anodic processes. 

The first anodic reaction involved 1 H + ,  2 e-, taking into 
account the structure of Indapamide, could be attributed to 
the oxidation of the 2,3-dihydroindol (Indoline) ring, which is 
readily dehydrogenated to give the fully aromatic compound 

The second voltammetric peak could be attributed to the 
oxidation of the benzamide moiety. The anodic oxidation of 
aryl amides has not been extensively studied [24]. However, one 
systematic study was reported by Ikenoya et a1.[25] on the 
oxidation of 4- and 4'-substituted benzanilides. This voltam- 
metric peak showed a great similarity with that observed for 
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Fig. 5. Cyclic voltammograms of Indapamide solutions (2.43 x M 
in 9:91 MeOH + H20) in 0.4M KN03 at different scan rates (0.02-2 
Vs-') and pH 2.03. Variation of peak current of the second voltammetric 
peak with scan rate. 

4-chloro-5-sulfamylsalicyloyl-2',6'-dimethylamilide (Xipamide) 
~ 9 1 .  

4. Quantitative Determination 

The quantitative determination of the diuretic Indapamide 
was performed upon the basis of the voltammetric peak 
attributed to indoline ring in KN03 medium (pH 2.3) at the 
carbon paste electrode, where the peak current reached the 
highest value. The pH was adjusted with a H3P04/KH2P04 
buffer in an aqueous alcoholic medium (90:lO H20+MeOH) 
with a concentration of 0.4 M KN03. 

The peak current was linear with Indapamide concentration 
in the range 5.92 x 10-7-1.86 x lop5 M ( ip[pA]  = 0.353+ 
5.53 x lo5 c[M], r 2 =  0.993) with a detection limit of 9.87 x 

M (37ppb) by differential pulse voltammetry, and a 
reproducibility in terms of relative standard deviations of 
4.8% and 9.3% for 10 determinations of 2.67 x lop6 M and 
1.07 x 1 0-6 M concentrations, respectively. 

4.1. Determination of Indapamide in Tablets 

The voltammetric determination method developed for 
Indapamide was applied to pharmaceuticals (Tertensif 2.5 mg). 
Pvocedure 

Tertensif tablets were reduced to a homogeneous fine powder 
in a mortar. An adequate amount of this powder was weighed 
and treated with methanol for 5 min; then the mixture was 
filtered and the precipitate was washed several times with the 
solvent. Solutions obtained from the filtration were made up to 
100mL with methanol. Aliquots of this solution were analyzed 

Table 2. Results obtained for urine samples using different analytical 
methods. 

Voltammetric method HPLC diode-array 
[ P g  mL1 detection 

" h L 1  

Urine sample at 0-8 h 0 14 0.23 
Urine sample at 8-24h 0 16 0 14 
~ ~~ ~~~~ 
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Fig. 6. Cyclic voltammograms of Indapamide solutions (2.43 x lo-' M 
in Y:Y 1 MeOH + H 2 0 )  in 0.45 M KCI at different scan rates (0.0s-0.5 
Vs-') and p H  2.01, Variation of peak current of the first voltammetric 
peak with scan rate. 

by the standard addition method. Results obtained from different 
amounts of initial solid sample gave a mean lndapamide value 
of 2.51f0.03mg per Tertensif tablet. 

4.2. Determination of Indapamide in Urine 

The determination of Indapamide in urine required a 
preliminary separation step. A liquid-liquid extraction proce- 
dure was used to pretreat the urine samples, following the 
method proposed by Fullinfaw et a1.[26] with some modifica- 
tions, as was described in [19]. The method allows the diuretic to 
be determined in urine samples spiked with Indapamide, with 
adequate percentages of recovery. 

The differential-pulse voltammetric method developed was 
applied to urine samples, obtained from a healthy female 
volunteer after administration of 2.5 mg Indapamide tablet 
(Tertensif, Danval S.A. Laboratories). Urine samples were 
collected at different times post-dose. Blank urine samples 
before the intake of the diuretic were also collected from the 
same volunteer. All the samples were stored at 4°C prior to 
analysis. Results obtained by differential pulse voltammetry 
method were compared with those determined by the HPLC 
system with diode-array detection reported by Ventura et al. 
[27,28]. The results (Table 2), showed a good agreement and 
validated the voltammetric method developed. 

5. Discussion 

The study of oxidative behavior of Indaparnide showed the 
influence of ionic media on the voltammetric peaks obtained. 
The effect of chloride ion on the oxidation reaction was also 
observed for other diuretics: Bumetanide [16] and Besunide [21]. 
In the case of Indapamide, the second voltammetric peak was 
affected by the presence of chloride ion. The peak definition, 
potential and current were dependent on the concentration of 
the chloride ion at acidic medium. 

Oxidation properties of lndapamide allow its determination 
in the presence of others sulfonamidic diuretics [19], due to the 
existence of a voltammetric peak at low positive potentials, 

which did not exist in others diuretics. This oxidative behavior 
showed a great advantage of selectivity given by voltammetry 
for the determination of this compound. 

Results obtained in the determination of the diuretic in 
pharmaceuticals and preferently in urine samples showed also the 
high sensitivity of differential-pulse voltammetry and its possibi- 
lities of application as a confirmation method in doping analysis 
and in the determination of this diuretic in biological fluids. 
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