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Abstract

The adsorptive stripping voltammetric behaviour of trimethoprim (TMP) was studied at pH 3.8 and 7.0 by linear-sweep (LS) and cyclic
voltammetry at the hanging mercury drop electrode. The charges and surface concentrations of the protonated TMP species were determin
at both pH values. Taking advantage of the adsorption features of TMP fast voltammetric techniques (LS and square-wave (SW) voltammetry
were applied to the determination of TMP at the™I@ol dnT® concentration level (pH 3.8). For these concentrations the relative standard
deviations were <2%N=8) and the detection limit was 10nM (3 ng/mL) for the SW-AdCSV (3s; accumulation time 10s, frequency
100 Hz). The use of SW-adsorptive cathodic stripping voltammetry originated a very fast and sensitive method for the direct analysis of
TMP in pharmaceutical suspensions without any matrix effects or interference from sulfamethoxazole. No sample pre-treatments or solven
extraction procedures were needed. The quantitative results were in agreement with the data supplied by the manufacturer.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction ods were intrinsically time-consuming and involved handling
high quantities of mercury. Also, the proposed methods re-
Trimethoprim (2,4-diamino-5-(3,4,5-trimethoxybenzyl) quired sample pre-treatments, e.g. solvent extraction of the
pyrimidine) (TMP) is a well-known antibacterial agent used TMP, whenever the determination of TMP proceeded from
as a potentiator in combination with several sulfonamides, pharmaceutical suspensidig] or from other complex me-
e.g. sulfamethoxazole (SMX), for the treatment of a number dia like blood and uring3]. Kotoucek et al[15] evaluated
of bacterial infectiong1-4]. Binary mixtures of TMP and  the mechanism of the polarographic reduction of TMP. In
SMX are currentin commercial pharmaceutical preparations, concentrated sulphuric acid¥ 0.1 mol dnt3) the protonized
like Bactrim (ratio 1:5), but TMP can be also supplied as a sin- TMP was reduced in a two-electron process. But for pH> 3.5
gle agent. Analytical methods for the determination of TMP the polarographic cathodic wave of TMP corresponded to
range from liquid chromatograplpy,5,6]spectrophotometry ~ an overall four-electron/four-proton reduction process pro-
[7-9], potentiometry10], capillary zone electrophoredi4] ducing the tetrahydro derivative of TMP with the final
and capillary electrophoresis with amperometric detection irreversible released of ammonia (or ammonium cation, de-
at carbon electrodd41,12], NMR [13] and electroanalysis  pending on pH). In neutral solutions, the reduction current of
[3,14-17] In the earlier electrochemical methd@s14] the TMP decreased and in alkaline medium TMP was not elec-
determination of TMP was achieved by polarographic reduc- troactive. Those authors studied also the reduction of TMP
tion in acidic solutions. However, these polarographic meth- at the hanging mercury drop electrode (HMDE) and con-
cluded that the electrode process (il TMP solutions
* Corresponding author. Tel.: +351 234 370732; fax: +351 234 370084. for PH <3.7) involved significant adsorption on the HMDE'
E-mail addresseshcarapuca@dg.ua.pt (H.M. Caragiic Taking advantage of that property, the authors exploited the
dcabral@ipb.pt (D.J. Cabral), Irocha@dg.ua.pt (L.S. Rocha). use of adsorptive cathodic stripping voltammetry (AdCSV)
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for the differential pulse determination of TMP in Biseptol |ytion in 1.0 moldm3 KCI: diffusion coefficient of Cd*
tablets, at pH 3.8, without any interference from sulfamethox- 7.8 x 10®cn?s™ [18]) and was (3.48 0.06)x 1073 cn?
azol. The limit of detection was ca. 1 nM for an accumulation (N=4). All experiments were conducted at room tempera-
time within the interval 20-80's and a scan rate of 50 mV/s. tyre (ca. 20C). A combined glass electrode (Orion 9104SC)
However, the method involved a previous extraction of the connected to a pH meter (Cole Parmer, Model 05669-20) was
TMP with methanol from the tablets. On the other hand, the ysed for pH measurements.
square-wave (SW) AdCSV was used together with a partial Al solutions were prepared from ultra pure or analytical-
least squares method for the analysis of sulphamethoxypyri-reagent grade chemicals. Stock solutions of TMP (Sigma)
dazine and TMP in veterinary formulatiofis]. Though,the  with a concentration within the £ 103moldnT3 level
information given on the adsorption features of TMP and on were prepared in methanol, stored &G4 and used with-
the optimisation of the SW parameters was scarce. The SWout further purification. Supporting electrolytes, ammo-
methodology was also used in a study of the reduction of njum acetate buffer (1 moldm CHsCOO NH./0.5mol
TMP and other electroreducible drugs] where the detec-  dm3 HCI; pH 3.8) and phosphate buffer (0.04 moldim
tion limits were of the order of 10-100 nM. NapHPO/0.026 mol dm® KH,POy; pH 7.0) were pre-
Adsorptive stripping methods are intrinsically very pared with deionised water (18.2%ktm, Milli-Q system,
sensitive, allowing working with very diluted samples, Millipore—waters, USA).
consequently decreasing interferences due to surface-active Three diluted syrup solutions (Bactrim, paediatric for-
components that would compete with the analyte and hinder mulation, 40 mg TMP/5mL) were prepared for the analy-
its signal. This is extremely important whenever the sample sis of TMP. A certain amount of the Bactrim suspension
matrix is complex, e.g. in pharmaceutical or biological (0.1503; 0.2155 and 0.1409 g) was weight and dissolved in
media. In adsorptive voltammetry, square-wave and linear- water/methanol (1:4, v/v) and diluted to 50 mL. An estimate

sweep techniques allow using fast run times, i.e. high scanof the syrup density was determined as 12201 g/cni
rates, unless the electrode reaction is kinetically sluggish.  (N=4).

As far as we know, the direct voltammetric analysis of
TMP in pharmaceutical suspensions, like the Bactrim syrup, 2.2. Procedures
was notyet exploited. Also, the application of fast voltammet-
ric methods, like square-wave or linear-sweep voltammetry  Inthe voltammetric experiments a suitable volume of TMP
has not been fully investigated. stock solution was added to 20mL of a given supporting
In the present work, we examined further the mechanism electrolyte in the voltammetric cell and purged with pure
of the voltammetric reduction of trimethoprim, namely the nitrogen for 5min. For the linear-sweep and cyclic voltam-
effect of pH on its adsorption characteristics at the HMDE. metry (staircase techniques) the scan rate varied between 10
The influence of the instrumental parameters and of the ac-and 1000 mV/s (potential step 5mV). For the determination
cumulation potential on the TMP stripping signal was also of the voltammetric charge under the TMP reduction peak
assessed. Lastly, a simple procedure for the fast analysis othe scan rate was 250 mV/s and the charge values were cal-
TMP in a pharmaceutical suspension was developed usingculated by electronic integration. In all these experiments
square-wave cathodic stripping voltammetry as the analyti- four replicate scans were recorded for each experimental
cal technique. conditions and mean values are presented. In the optimisa-
tion of linear-sweep and square-wave stripping voltammetry,
the experiments were performed with a 5.20~" mol dnt3

2. Experimental cell solution of TMP at pH 3.8. The accumulation step
lasted 20s at an accumulation potentigl., of —0.6V
2.1. Apparatus and reagents whilst the solution was stirred (rotational frequency 25s

After 5s quiescent time the stripping step was performed

The voltammetric experiments were performed with a from —0.6 to —1.4 V. Calibration curves were done within
computer-controlled potentiostat (PGSTAT-12 controlled by the TMP concentration interval 1 to 2010”7 moldnt3
the GPES software, EcoChemie, Netherland) connected, viaat pH 3.8, using both linear-sweep and square-wave strip-
an IME-663 module, to an electrode stand (663 VA-Stand, ping voltammetry. The accumulation step lasted 10s at
Metrohm, Switzerland). The three-electrode configuration Ezcc=—0.6 V.
was used comprising the hanging mercury drop electrode, For the AdCSV-SW determination of TMP, 100
HMDE (medium drop size) as the working electrode, a of each diluted syrup solution was added to 20mL of
GC rod counter electrode and a double junction Ag/AgCl degassed supporting electrolyte (acetate buffer, pH 3.8)
(3moldnt3 KClI, saturated AgCl, and 3 mol dm KCl in in the voltammetric cell and the voltammogram was
the bridge) reference electrode. All potentials quoted are recorded (five replicate runs) using the above mentioned
relative to this Ag/AgCI reference electrode. The electro- conditions (accumulation time 10s at0.6V). The SW
chemical surface area of the HMDE was determined by instrumental parameters were: frequency 100 Hz, amplitude
chronoamperometry (with a 8.89103mol dnT3 Cd?* so- 25mV and step potential 5mV (the corresponding scan
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rate was 500 mV/s). Calibration curves were carried out predominant reduction of the adsorbed protonated TMP
with TMP standard solutions (five additions of p.D of species. A linear dependence of the peak current from the
a 1.757x 10“#mol dnT3 TMP stock solution) and all peak  scan rate was now obtained, as expected for the reduction of
currents were mean values of five replicate measurements. an adsorbed speci¢$8] (the log—log plot gave a slope of
0.9, corresponding tb,(nA) =443 [p(V/s)] +2.6;r=0.998
(N=5)). Also, the peak potential depends linearly onudog

3. Results and discussion with a slope of—47.9mV (N=5, r=0.998). Additionally,

the peak potentials undergo a significant displacement
3.1. Linear-sweep and cyclic voltammetry of towards more positive potentials comparing with the values
trimethoprim: mechanistic studies for c=1.0x 10_5 mOldrn_3 (eg for 250 mV/S, the peak

potential shifted from—1.36 to —1.27V by lowering the

The nature of the TMP reduction process was studied by concentration of TMP), indicating that the reduction of the
cyclic and linear-sweep (LS) voltammetBjig. 1shows typ- adsorbed protonated TMP is energetically easier than that
ical cyclic voltammograms of 1. 107> mol dnT3 TMP so- of the diffusing TMP species. Further, for concentrations
lutions at pH 3.8 and 7.0, where the effect of pH, both on lower than 10°moldnT3 and for both pH values 3.8 and
the peak potential and on the peak current is clearly seen and’-0, the current of the stripping peak of TMP increased
agrees with the expected behaviour for a proton-dependentwith the accumulation timéacc at Eacc= —0.6 V, reaching a
process coupled to a final irreversible chemical (homoge- Plateau for higher times where the saturation of the electrode
neous) reactioril5]. This chemical irreversibility leads to ~ surface occurred. For a diffusion-controlled adsorption of
the absence of any oxidation peak in the reverse scan, even ithe reactant, the peak current, and therefore the charge, are
the scan rate is increased to 1000 m\é. Accordingly, the ~ dependent of the square root of the accumulation time (or
peak potential becomes more negative with the increase in  0f a corrected timefy) regardless of the reversibility of
At this concentration level and pH 3.8, the electrode processthe reaction19,20} The timet, is the accumulation time
is controlled not only by diffusion of TMP but adsorption is ~ corrected for the scanning time between the initial potential,
also significant: within the scan rate interval 10-1000 mV/s, Ein, (identical toEac9 and the peak potentiakp, and is
the log—log plot of the peak current versus scan ratgave  given by Eq(1) [19]
a slope of 0.7. In fact, there is a marked dependence of the tace+ (Ep — Ein)

. L . acc p in
current of the reduction peak on the initial potential of the #, =
reduction scan, as can be seen from the ins&ign 1L So,
for potentials in the range 0.6 to—1V, the reduction peak  This phenomenon can be illustrated by plots of the voltam-
attains its maximum intensity, meaning that TMP is being metric charge corresponding to the LS stripping peak of TMP,
accumulated by adsorption on the mercury electrode surface Q, versus the square root tf(Fig. 2).

The behaviour for pH 7.0 was similar. The linear-sweep voltammetry (staircase) can be used for

Lowering the concentration of TMP to 5 the estimation of the mechanistic parameten, relative to
10" moldnt® (pH 3.8) the LS voltammograms, initi- the reduction an adsorbed species. For an irreversible pro-
ated atEszcc=—0.6V with an accumulation time of 20s, cess where a diffusion-controlled adsorption of the reactant
showed a rather symmetrical peak, characteristic of a occurs, the following relationships apdti9,20}
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Fig. 1. Cyclic voltammograms of 1.010">moldnT3 TMP solutions at Fig. 2. Typical variation of the voltammetric charge of the stripping peak of
pH 3.8 (a) and 7.0 (b). Scan rate: 250 m\Eg,=-0.5 V. Inset: effect of the TMP (c=2.8x 10~ mol dn3) with the square root df (corrected accumu-

accumulation potentiaEacc on the current of the reduction peak of TMP  |ationtime) at-0.6 Vfor pH 3.8 and 7.0. Scan rate of the LS voltammograms:
(pH 3.8): equilibration time 10 s, no stirring. 250 mV/s.
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ATvF?
Iy = 3
p = n(ena) =~ 3)
62.5
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/ (ong) “)
IE 58.2
P — mV(20°C) (5)
dlogv  (ang)

wheren is the total number of transferred electronsthe
transfer coefficient), the number of electrons transferred in
the rate determining step, the reactant surface concentra-
tion andWi; is the peak width at half height.

Combining Egs.(2) and (3)one obtainsly/Q= (any)
vF/eRT So, the parametewf,) can be estimated indepen-
dently fromlp/Q and fromW,,. Hence, for the reduction of
the adsorbed protonated TMP, the following values were ob-
tained at pH 3.8: 1.2% 0.04 and 1.26- 0.04, respectively,
from 1,/Q andW, 2 (N=6,v=0.25V/s). These values agree
with that obtained from Eq(5), which was 1.21 (cf. the
slope given previously in the text). For the reduction of TMP
conducted at pH 7.0, the estimated values wof,] were
1.414+0.05and 1.32-0.07, respectively, frory/Qandwy,
(N=6,v=0.25V/s). The¢n,) values are similar at both pH

values. Hence, one may assume that the reduction of TMP
follows the same mechanism at pH 3.8 and 7.0, which agrees

with the mechanistic pathway presented by Koutddés.
Further, from the plots of) versus square root af
the maximum chargeQmax corresponding to the saturation

the plateau. For pH 3.8max was (34.3:2.9) nC (mean
value from four data sets similar t6ig. 2) to which corre-
sponded a maximum accumulation time of ca. 60s (calcu-
lated from the plot®Q versust!2 by the intersection of the
linear branch for lower times with the line corresponding
to the plateau). This means that at the present concentratio
(2.8x 10" mol dnT3), an accumulation time lower than 60 s
must be used in order to obtain linear calibration curves (no
saturation of the electrode surface). For pH Thax was
lower than for pH 3.8, i.e. (1248 0.2) nC (mean values of

three data sets), and the accumulation time corresponding to
the saturation of the surface were higher, ca. 90s. Estimatesm

of the maximum surface concentration of the electroactive
TMP, I'max, can be calculated fro@max (Eq. (2)), consider-
ingn=4regardless of pFL5] and were 2.6« 10~ mol cnt?

and 8.94x 10 12mol cnt? at pH 3.8 and 7.0, respectively.

Some conclusions may be drawn out from these data. Firstly,

considering the g5 of trimethoprim as 7.314], at pH 3.8
the distribution of the protolytic forms of TMP is shifted to

the protonized ones, which are electroactive. Therefore, at
pH 3.8 a monolayer of adsorbed protonated TMP shall be

built up for longer accumulation times. The TMP molecule
has a volume of 251.283 to which corresponds a surface

area of 291.15‘:12 (calculated by the Cyrus 2 software from
Molecular Simulations Inc.). Assuming that TMP adsorbs
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between adsorbed molecules, one compact monolayer of ad-
sorbed TMP should correspond to a surface concentration of
5.7x 10" mol cnT2. This value compares fairly with that
obtained from the maximum charge at pH 3.8. Nevertheless,
the lower experimental value might mean that a degree of
repulsive interaction between the positively charged TMP
species occurred. Another consideration involves the lower
I'max Obtained at pH 7.0. In fact, at pH 7.0, a lower pro-
portion of the electroactive protonated TMP species shall be
presentatthe electrode interface, and consequently the charge
plateau was observed for higher accumulation times than at
pH 3.8. Additionally, theQmax value was approximately two
times lower than the observed at pH 3.8, for a monolayer
of electroactive TMP molecules, meaning that the uncharged
TMP species, which are not reactive, adsorbed competitively
at the accumulation potential f0.6 V. It shall be noted that

for the present supporting electrolytes no specific adsorption
is expected and the potential of zero charge of the mercury
electrode shall be around0.5V [21], i.e. for an accumu-
lation potential of—0.6 V a predominant adsorption of the
protonated TMP species shall occur, but the uncharged TMP
species will also adsorb, at a lower extent.

3.2. Linear-sweep and square-wave stripping
voltammetry of trimethoprim

In order to attain a fast analysis of TMP in pharma-
ceutical preparations, the application of linear-sweep and
square-wave adsorptive stripping voltammetry was tested.
ks concluded in the previous section, the highest surface
concentrations of TMP are obtained at pH 3.8. The choice
of arather low pH is thus important in order to maximize the
adsorption of the protonated (electroactive) TMP relative to
the neutral (non-electroactive) TMP, and also to other pos-
sible tensioactive species that could be present in the sample

hatrix. On the other hand, it was previously showed that sul-

famethoxazole, although a major component in the common
pharmaceutical preparations is only electroactive bellow
pH 2 [15]. Therefore, the subsequent work was done only
at pH 3.8.

Experiments were carried out with LS stripping voltam-
etry for different scan rates (10—-250 mV/s) for TMP so-
lutions of 5.2x 10" moldnT2 at pH 3.8, accumulating at
—0.6V for 20 s. As expected, the LS peak current increased
with v, but the background current also increased, especially
in the vicinity of the TMP stripping peak (which occurred
near the negative limit of the working potential window), in-
creasing the slope of the peak baseline./Fof.00 mV/s that
increase was more marked. The step potential was varied be-
tween 1 and 10 mV, for the lowest values the background
current noise increased and for a potential step higher than
5mV the peak current decreased slightly. So, a scan rate of
100 mV/s and a potential step of 5mV were selected for fur-
ther work.

The application of square-wave (SW) voltammetry as the

with a planar configuration and that there are no interactions analytical technique for the stripping step was also tested,
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using the same experimental conditions as above. The SW

stripping peak currentincreased with the SW amplitude (from :D S0 nA ISOnA
10 to 100 mV) attaining a plateau for amplitudes higher

than 50mV. For these values the peak baseline also in-
creased in height. However, the peak width at half height,
Wi/2, remained constant. On the other hand, the peak cur-
rent increased linearly with the frequency within the range
10-200Hz [p(nA) =3.78 [] +6.30;r =0.999,N=5), for an
amplitude of 25 mV and a potential step of 7.5 mV. This trend
is characteristic of an electrode process proceeding from an
adsorbed reactaftt9,22] The peak width at half height was
constant over the frequency interval. However ffo200 Hz

the background current increased significantly (ca. 1.5 times
that forf=100Hz). Further|y, varied linearly with the step 0k 0s M s 4
potential over the range (1-15mV), but a steady increase E(V)

of both Wy» and the slope of the peak baseline were ob-

served for step potentials higher than 5 mV. Therefore, the se-fig 3. square-wave adsorptive stripping voltammograms of TMP standard
lected optimal parameters were amplitude 25 mV, frequency solutions (pH 3.8) at various concentrations (0 to Z0~” mol dnt3). Inset:

100 Hz, and step potential 5mV (corresponding scan rate of SW-AdCSV of TMP in an aliquot of the diluted Bactrim syrup. Accumula-
500 mV/s). tion at—0.6 V for 10 s. SW parameters:= 100 Hz;a=25 mV and potential

step 5mV.

-0.6 -1 -1.4

Calibration graphs were obtained using both voltam-
metric techniques within the concentration interval 0.1 to
1.0x 108 mol dnt3 for taec Of 10s atE,cc=—0.6V at the  indicating that this sulfonamide is not electroactive and es-
above mentioned optimised instrumental parameTatse 1 pecially it does not adsorb at the HMDE under the present
presents the calibration data. Both voltammetric techniquesexperimental conditiongzig. 3 shows typical SW-AdCSV
afforded good quality results, with low limits of detection and voltammograms used for the calibration curve and also that
very good relative standard deviations. Still, the square-wave of TMP in a diluted Bactrim sample (inset).
technique provides higher sensitivities and faster run times.

3.3. Application 4. Conclusion

The present SW-AdCSV method was tested inthe determi- ~ The adsorption features of TMP were studied at the
nation of TMP in a pharmaceutical suspension, the Bactrim HMDE for different solution pH (3.8 and 7.0). The results
syrup. A 10QuL of each diluted syrup solution (see Section pointed to a predominant adsorption of the protonated TMP,
2.1) was added to the voltammetric cell and the voltammo- though the neutral molecule (electroinactive) might adsorb
gram was recorded under the optimal conditions. The meancompetitively, namely at pH 7.0. The adsorption of proto-
content of TMP calculated from the three syrup aliquots using nated TMP is rapid (it is diffusion-limited) and independent
a calibration curve was 7.70:(0.18) mg/mL, which com-  of the electrode potential in the rang®.6 to—-1.0V. The
pares very well with the declared value of 8 mg/mL. There Voltammetric features are in accordance with the expected for
were no effects of the suspension matrix due to the high di- an irreversible four-electron reduction process with protona-
lution factor. Also, the major Bactrim syrup component, sul- tion. The estimated values farrf,) ranged between 1.21 and

famethoxazole, did not have an effect on the TMP signal, 1.29atpH3.8and 1.32and 1.41 atpH 7.0. At pH 3.8, the sur-
face concentration of the electroactive TMP species attains its

maximum value, envisaging high sensitivity in the adsorptive
Table 1 voltammetric determination. Linear-sweep and square-wave

Data for the calibration curves for the adsorptive stripping voltammetry of techniques were therefore applied and optimised for the Ad-
TMP (pH 3.8) using linear-sweep (LS) and square-wave (SW) analysis CSV analysis of TMP.

LS-AdCSV SW-AJCSV A procedure for the fast analytical determination of TMP
Slope (A mot! dnr3)2 0.074- 0.009 0.45+0.02 in a pharmaceutical suspension (Bactim syrup) was devel-
Correlation coefficient = 6) 0.999 0.999 oped using square-wave cathodic stripping voltammetry as
Limit of detectior? 8nM 10nM the analytical technique. No sample pre-treatments or sol-
R.S.D. N=8;c=6.5x 107 M) 0.9% 1.5%

vent extraction procedures were needed. The present method
—— resulted in a simple, fast and reliable methodology for the de-
Accumulation time 10s at0.6 V. t inati fFTMP i h tical . taki
2 Slope and the corresponding 95% confidence limits for four degrees of ermination o . nap g_rrr_]aceu Ica SUSpenS‘lon ,a .mg
freedom. advantage of the high sensitivity of the adsorptive stripping
b Calculated for 3s. method.

Scan rate (V/s) 0.1 0.5




H.M. Carapica et al. / Journal of Pharmaceutical and Biomedical Analysis 38 (2005) 364—369

References

[1] R.B. Taylor, R.M.E. Richards, J.Z. Xing, Analyst 117 (1992)
1425-1427.

[2] M. Fresta, P.M. Furneri, E. Mezzasalma, V.M. Nicolosi, G. Pugeisi,
Antimicrob. Agents Chemother. 40 (1996) 2865-2873.

[3] M.A. Brooks, J.A.F. de Silva, L.M. D'Arconte, Anal. Chem. 45
(1973) 263-266.

[4] J.J. Berzas Nevado, G. Castaneda Penalvo, F.J. @ufernardo,
J. Chromatogr. A 918 (2001) 205-210.

[5] C.T. Hung, D.G. Perrier, J. Lig. Chromatogr. 8 (1985) 521-536.

[6] M.J.B. Mengelers, A.M.M. Polman, M.M.L. Aerts, H.A. Kuiper,
A.S.J.P.A. van Miert, Chromatography 16 (1993) 257-278.

[7] R.O.G. Rao, M.V.S. Krishnan, C.M.R. Srivastava, Indian J. Pharm.
Sci. 40 (1978) 74-79.

[8] A. Espinosa-Mansilla, F. Salinas, I. De Orbe Paya, Anal. Chim. Acta
313 (1995) 103-112.

[9] M.E.M. Hassouna, Anal. Lett. 30 (1997) 2341-2352.

[10] M. Aboudan, A.F. Shoukry, Y.M. Issa, Anal. Lett. 29 (1996) 19-28.

369

[11] A. Wang, F. Gong, H. Li, Y. Fang, Anal. Chim. Acta 386 (1999)
265-269.

[12] F.-M. Matysik, Electrochim. Acta 23 (1998) 3475-3482.

[13] J.W. Turczan, Anal. Chim. Acta 92 (1977) 123-128.

[14] L.G. Chatten, B.S. Pons, P. McLeod, Analyst 107 (1982) 1026—1031.

[15] M. Kotoucek, J. Skopaldy, D. Michalkova, Anal. Chim. Acta 353
(1997) 61-69.

[16] J.J. Berzas, J. Rodjuez, G. Castaneda, Anal. Chim. Acta 349 (1997)
303-311.

[17] C. Yarnitzky, W.F. Smith, Int. J. Pharm. 75 (1991) 161-169.

[18] R.N. Adams, Electrochemistry at Solid Electrodes, Marcel Dekker,
New York, 1969, 220 pp.

[19] A. Webber, J. Osteryoung, Anal. Chim. Acta 157 (1984) 17-29.

[20] E. Laviron, J. Electroanal. Chem. 52 (1974) 355-393.

[21] AJ. Bard, L.R. Faulkner, Electrochemical Methods Fundamentals
and Applications, second ed., John Wiley & Sons, 2001 (Chapter
13).

[22] A. Webber, M. Shah, J. Osteryoung, Anal. Chim. Acta 157 (1984)
1-16.



	Adsorptive stripping voltammetry of trimethoprim: Mechanistic studies and application to the fast determination in pharmaceutical suspensions
	Introduction
	Experimental
	Apparatus and reagents
	Procedures

	Results and discussion
	Linear-sweep and cyclic voltammetry of trimethoprim: mechanistic studies
	Linear-sweep and square-wave stripping voltammetry of trimethoprim
	Application

	Conclusion
	References


