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Abstract

An original, simple and sensitive flow-injection spectroelectroanalytical method for the determination of chlorpromazine in pure form orin
pharmaceutical formulations is described. The method is based on the formation of a stable cationic radical by electro-oxidation in sulfuric acid
medium (0.1 molt?), monitored in situ ak =524 nm. The determination of chlorpromazine hydrochloride in pure form or in pharmaceutical
formulations was explored, considering the amperometric and the absorptiometric signal. The association of these two signals enhanced the se
lectivity of the analysis and proved decisive when other electroactive compounds or excipients like ascorbic acid were present in the formulation.
The analytical parameters have been evaluated and the results obtained using standard additions are in agreement with the reference method
© 2004 Published by Elsevier B.V.
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1. Introduction Due their biomedical significance and the continuous in-
troduction of these drugs, the determination of phenoth-
The discovery of the antipsychotic agent chlorpromazine iazines, and in particular of chlorpromazine, has attracted
hydrochloride in the early 1950s and the advent of even more considerable interest and has induced many workers to ex-
powerful phenothiazinic psychopharmacological agents rep- plore new methods for their determination. The official meth-
resentalandmarkin the history of the medical and psychiatric ods for phenothiazines, listed in the British Pharmacopoeia
sciences. (BP) and US Pharmacopoeia (USP), consist in the non-
Chlorpromazine hydrochloride is the mostimportantcom- aqueous potentiometric titrimetry or spectrophotometry in
pound in the large group of phenothiazine derivatives. It is the ultraviolet regio3,4]. A variety of alternative methods
widely used as a therapeutic agent for treating various mentalhave been reported and the available analytical techniques
and personality disorders, in the prevention of vomit spasmsinclude: titrimetry with different electrodes or in aqueous
and as an intravenous anti-hypertensive. Like other phenoth-phase[5-8], spectrophotometry in the visible region af-
iazines, it easily undergoes oxidation in acid medium under ter oxidation of the phenothiazir{8—-16], spectrofluorime-
the action of many oxidizing agents leading to the formation try [17,18], chemiluminescencfl9,20], high performance
of intensely colored oxidation products]. The oxidation liquid chromatography21-24]} differential pulse voltam-
process involves two subsequent and distinct one-electronmetry [25], differential pulse polarographf6], differen-
steps. The first is reversible and results in the formation of a tial pulse stripping voltammettf27—30]and electrophoresis
colored cation-radical. The second, irreversible, giving rise [31-34} Chromatographic techniques in combination with
to the colorless sulfoxidg2]. electrochemistry and mass spectrometry or fluorescence
spectroscopy have also been reporfgd], exhibiting ex-
cellent selectivity, but requiring expensive instrumenta-
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In recent years, flow-injection analysis (FIA) has found particular, those containing associated pharmaceutical com-
wide application as a tool for routine analysis in several pounds and dyes.
fields, including pharmaceuticd36,37] The versatility and This paper describes the development and the application
simplicity of FIA are very convenient to tackle a variety of of a flow-injection spectroelectroanalytical method for the
analytical problems at a relatively low cost. Furthermore, it determination of chlorpromazine hydrochloride in pure form
is particularly attractive for performing automated analysis or pharmaceutical preparations using along-optical-path flow
of large numbers of samples exhibiting similar composition. spectroelectrochemical cell, previously developed by the
Some flow-injection methods have been reported for the de-authorg448,49] Compared to spectrophotometric and amper-
termination of phenothiazine derivativ§38—45] In most ometric methods used on their own, the proposed spectroelec-
of them, in-line oxidation of the analyte takes place under troanalytical flow method combines a number of desirable
the action of a confluent or immobilized oxidant and is fol- properties, including the use aqueous medium, less drastic
lowed by spectrophotometric detection of the colored radi- operating conditions (electroxidation inE0y: 0.1 mol 1),
cal. This approach presents two drawbacks: high acid and/orsimilar sensitivity, better selectivity without prior extraction,
oxidant concentration and the risk of interference of col- no need of unstable chemicals and relatively simple and in-
ored excipients. Additionally, some oxidizing reagents used expensive instrumentation.
can generate toxic wastes, such as Cr(lll) and Cr(VI) from
K2Cr,0O7 and a certain amount of HCN from Fe(CdQT
upon reduction followed by decomposition in acid medium. 2. Experimental
Otherwise, flow-injection analysis methods based on chemi-
luminescent reactions were proposed for chlorpromazine2.1. Apparatus
[20,46,47] They present high sensitivity but limited selec-
tivity, due to other organic substances capable of generating The single-line manifold system used for determination
chemiluninescence or consuming the reagent without light of chlorpromazine hydrochloride is shown kig. 1 The
emission or even act as inhibitors of chemiluminescence. Forsample solution is injected through the manual rotary in-
this reason, chemiluminescence methods could not be ap{ector into the carrier stream of the sulfuric acid solution
plied to the determination of phenothiazines in pharmaceu- (0.1 mol 1) driven by the peristaltic pump (Ismatec MS-
tical formulations without prior separation from the excipi- Reglo). The stream passes through the spectroelectrochem-
ents or, when applicable, chemometric correction of signal ical cell, where the chlorpromazine is electro-oxidized and
interferences. the colored species is formed just before detection. All ex-

The oxidation of the phenothiazines can be conducted periments were conducted at room temperature.
electrochemically in a flow cell, and the amperometric A Hewlett Packard Model 8452A diode array spectropho-
signal used for detection. When there is more than one tometer interfaced to a PC controlled by software from the
electroactive substance in the sample, depending on their oxHewlett Packard MS-DOS UV/Vis package, was used for
idation potential, some interference is likely to occur. How- spectra acquisition of the colored compound formed in the
ever, the combination of amperometric measurements with spectroelectrochemical flow cell that fits directly in the cu-
spectrophotometric detection of the electro-generated prod-vette holder.
ucts can be beneficial for the determination of phenothiazine  All electrochemical measurements were taken using a con-
derivatives in a range of pharmaceutical formulations, in ventional three-electrode potentiostat built in the authors’
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Fig. 1. Schematic diagram of the FIA manifold used for the assay of chlorpromazine hydrochloride. (A) 0:1 Hy80, solution (carrier); (B) chlorpromazine
hydrochloride solution standards or samples; (C) peristaltic pump; (D) pneumatic damper (T connector with hypodermic syringe); (E) samp(&)njecto
debubbler; (G) spectroelectrochemical cell; (H) potentiostat; (I) PC; (J) Hewlett Packard 8452A diode array spectrophotometer; (K) waste.
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laboratory and interfaced to a personal computer. The long-
optical-path spectroelectrochemical cell and the debubbler
used in determination of chlorpromazine hydrochloride are
described elsewhefd8]. Two plates of Au-CDtrodefb0],

each one with a coplanar working and auxiliary electrode,
were assembled face to face in a conventional 1-cm optical-
path glass or plastic cuvette. The optical beam passes through Aot ==
the gap between these twin electrodes. A miniaturized " Naveloneth (nnf)“ et
Ag/AgCl electrode[51], provided with a salt bridge made (A) g e
with a flexible PTFE tube filled with saturated KCI solution
served as reference electrode.

Absorbance
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—®&— Absorbance (524 nm)

0.204
2.2. Reagents

0.154

0.10

Deionized water and analytical grade reagents were used 005]
for all solutions. Appropriate concentration of sulfuric acid i) ”",/
solution (0.1 moltt) was prepared by dilution from con- T TR P T o T
centrated sulfuric acid (Merck). Chlorpromazine hydrochlo- (B) Potential (V) vs. Ag/AgCl
ride was obtained from Sigma and working solutions were
freshly prepared daily by weighting and dissolving appro- Fig. 2. (A) Three-dimensional representation of the spectra during
priate aliquots into 0.1 motf H,>SOs. The pharmaceutical the elegtroxidation of t.he chlorpromazine hydrochloride.. (B) Cor-

. i responding hydrodynamic voltammogram and voltabsorptiograms of

preparations tested wefenplictil tablets (25 mg/tablet) and 8.6x 10~*mol I~ chlorpromazine hydrochloride solution in 0.1 motl
oral solution (0.04 g/ml) manufactured by Aventis. One tablet ,sq, at 2.8 mimirr? flow rate.
of Amplictil contain 25 mg of chlorpromazine as active prin-
ciple and non-reported concentrations of starch, lactose, dex-provides the highest absorbance and current measurements
trose, magnesium stearate, titanium dioxide, talc and dye asand was therefore adopted for most of the studies described
excipients. Each 1 ml of th&mplictil oral solution contain hereafter.
0.04 g of chlorpromazine as active principle and non-reported
concentration of ascorbic acid, glycerin, caramel, ethanoland3 2 - F|a parameters investigation
mint aroma. No sample treatment was required. Atmplic-
til tablets were crushed and dissolved in 0.1 mbIH,SOy The flow rate effect (30fl injections of 1.0x 10~3
and the resulting solution filtered. TRenplictil oral solution moll~=% chlorpromazine hydrochloride solution in 0.1

was diluted with 0.1 moH! H,SOy as needed, without any (-1 H,SO, and 0.800V constant applied potential) is
treatment.
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the spectroscopic signals were monitored simultaneously. 2 JWW wutjm-\.,,um.
Operating conditions, including applied potential, flow rate, 3301 & R e o e
injected volume and analyte concentration were carefully ex-
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amined and the most suitable conditions were selected for the Flow rate (ml min”)

analytical method. GE

3.1. Spectroeletrochemical investigation o100

The best working potential was determined from the hy-
drodynamic voltammogram of 8:610~4mol I~ chlorpro-
mazine hydrochloride in 0.1 mott H,SO, (Fig. 2B), which
in turn was obtained from a three-dimensional representa- 0.00
tion of the spectra recorded during of the electro-oxidation
(Fig. 2A). The band observed, with a peak at 524 nm, is at-
tributed to the radical cation formed in the first oxidation step Fig. 3. Flow rate effect on current and absorbance peak heights qf300
upon the removal of one electron from the chlorpromazine injections of a 1.0< 10-3 mol I-* chlorpromazine hydrochloride solution in
moleculg[1,29]. Fig. 2B reveals that the potential of 0.800V 0.1 mol ! H,SO, at 0.800 V applied potential. Inset: recorded signals.
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Fig. 4. Effect of sample loop volume on current and absorbance peak Fig. 5. Analytical curves based on electrochemical and optical peak heights.

heights, at 2.8mImin’. Injected-sample volume from 100 to 500 of Injections of 30Qu.! chlorpromazine hydrochloride solution, 20104 to
1.0x 103 mol =1 chlorpromazine hydrochloride solution in 0.1 mot 2.0x 103 mol It in 0.1mol! HySOy, at 2.8 mimirr? flow rate and
H2S0, at 0.800V applied potential. Inset: recorded signals. 0.800V applied potential. Inset: recorded signals.

evident from the graph ifrig. 3. This reveals that higher  chemical =0.999) and spectrophotometric=(0.998) re-
flow rates enhance the current signal because of increase@ponse_ The limits of detection B were 7.6x 10~5 and
mass transport to the working electrode surface by convec-4 1, 10-5moll-1 for electrochemical and spectrophoto-

tion, though in detriment to optical sensitivity. This gain as- metric measurements, respectively, corresponding to limits
sociated with mass transport does not fully compensate theof quantification (16) 0f 3.3 x 10~4and 1.6x 104 mol I-1.

decreased exposure time of the sample to the working elec-Tap|e 2gives the obtained equations and others usual figures

trode. o of merit, such as the correlation coefficients and the range of
The influence of the injected-sample volume was stud- jinearity.

ied between 100 and 50 for 1.0 10~3molI~* chlor- The system repeatability was examined through ;800

promazine hydrochloride solution in 0.1molH2SOy at  injections of 1.0x 10-3 mol I chlorpromazine hydrochlo-

2.8mLmirm? and 0.800V constant applied potential. The ride in 0.1 mol I H,SOy at 2.8 mimin® and 0.800V con-
results Fig. 4 show that the average current and absorbance siant applied potential. The observed relative standard de-
values increase with the loop size, as expected. Aiming atyjations for absorbance and current=(20) were 3.0 and
compromising between analytical frequency and sensitivity, 2 6o, respectively. The cell washing time accounts for the

a sample loop of 3001 was selected. This and the remain-  modest sample throughput, i.e. 52 determinations per hour,
ing settings of the flow-injection manifold for the analyti-

cal method are gathered Table 1 With this setup, a series Table 2

of stand'arq solutions Qf chIorproqume hydrochloride was anaiytical characteristic of elaborated method for determination of
run in triplicate to obtain the analytical curves. The results chlorpromazine

for the 2.0x 10~% to 2.0x 10-3mol =1 range are shown in

g Amperometric Spectrophotometric
Fig. 5 (ave_rage current_and_ absorbance_ values were used)Quamiﬁcation range 33x10° © 16x10° o
Excellent linear regression fits were obtained for the electro- ~ q)1-2 20x 10-3 20x 103

Correlation coefficient 0.999 0.998
Table 1 N S ) ) Equation of calibration curve
Optimized conditions for flow-injection spectroelectrochemical determina- Slope 0.057 102.3
tion of chlorpromazine hydrochloride Intercept 2.48¢ 10~ 0.0051
Parameters Studied range Selected value Detection limit 7 6% 10-5 41x 105
Potential (V) 0.200-1.000 0.800 (moll=1)
Wavelength (nm) 190-820 524 R.S.D. (%Y 0.79 0.77
Flow rate (mlmirr1) 1.0-7.2 2.8 2 . -
Sample volumey() 100-500 300 y=A+Bx, wherex is the concentration in motF.

b Calculated from five determinations.
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S . - ] Table 3
Results of the determination of chlorpromazine hydrochlorid@rmplictil
s A5 | tablets and oral solution by the method proposed and reference method
3 Medicine Detection Employed methodology
g 1201 [ | ‘ | '} “ 1 Standard Reference
S il ] | [‘“"“" additions method
807 <".;\".\_k;!&m-._g,}‘.\ W Amplictil (25 mg/tablet)  Current 253 0.2 -
0 " e Absorbance 25.9- 0.2 2574+ 0.6
40 y r— r— r— Amplictil (0.04 g/ml) Absorbance  0.042 0.002 0039€¢
0.0 5.0x10% 1.0x10° 1.5x10% 2 - ]
Added concentration (mol ) Ili\lcc;rgzal value: 25 mg/tablet and 0.04 g/ml (oral solution). Average of trip-
0.5 i . . . & US Pharmacopoeia.
£ 'b Absorption method used by the manufacturer, Aventis, at production
c time.
uaa 0.41 ]
?g ‘ m || overlapped oxidation waves. The first is originated by the ir-
< .'\ I [ - reversible oxidation of ascorbic acid, while the second wave
£ 034 T ‘ [ is associated with chlorpromazine. This not only impedes di-
§ JUGUUL ‘ LUUUULL JUIL rect amperometric FIA but interferes with spectrophotomet-
o . S ric measurements too, because the cationic radical formed
T g 50x10¢ 1.0x10° 1.5%10° during oxidation of chlorpromazine at the gold electrode and
Added concentration (mol I') responsible for the absorption band.at524 nm, is reduced
back by the ascorbic aci®2]. Therefore, it is necessary to
Fig. 6. Spectroelectroanalysis of chlorpromazine hydrochloridexiplictil oxidize a large extent of the ascorbic acid at the electrode

tablets, method of standard additions. Injections of 208t 2.8 ml mirrt

) C - to allow the colored radical to last until absorbance is mea-
and 0.800 V applied potential. Inset: recorded signals.

sured.Fig. 7 shows that during the third repetition of the
a value, however, that could be enhanced by operating atcyclic voltammogram of the preparation for oral use, the in-
higher flow rates, with a moderate reduction in sensitivity of terference of the ascorbic acid is no longer observed.

the absorbance peak heights. In the present work, reducing the distance between the
twin working electrodes from 500 to 1%0n and decreas-
3.3. Application ing the flow rate from 2.8 to 2.0 ml mirt overcame the in-

terference problem. A sufficient amount of ascorbic acid is

The method was applied for the determination of chlorpro- jnactivated in the oxidized state to allow the measurement
mazine hydrochloride in pharmaceutical preparations. The of the colored electro-oxidation product of chlorpromazine
standard addition method was employed for the quantifica- with some decrease in the slope of the straight lines defined
tion of the analyte both in the tablets and for oral solutions py standard addition method, that extrapolate to the correct
of Amplictil. Typical FIA peaks obtained for quantification concentration.
in the tablets are shown Fig. 6. The quantification data are summarize@atble 3 where a

For the determination of chlorpromazine hydrochloride comparison between the proposed and the reference method
in the oral solution, the presence of ascorbic acid, acting asjs also presented. It is quite clear, from the information in
antioxidant, must be taken in account. A cyclic voltammo- Table 2 the results of spectroelectroanalytical determination
gram obtained with an oral solutiorfrig. 7) exhibits two  for the Amplictil tablets are in good agreement with the out-
come of the official method (USP). For templictil oral
solutions, none of the official methods can be satisfactorily
applied unless chlorpromazine is previously extracted. There-
fore, the results were compared with the value determined
by the manufacturer (Aventis, Brazil) for the same batch (L.
205242) during quality control, displaying good agreement.

300

200 1

100 1

Current (uA)

0.2 0.4 0.6 0.8 1.0 4. Conclusions
Potential (V) vs. Ag/AgCI

_ _ o o L The flow-injection spectroelectroanalytical method pro-
Fig. 7. Cyclic voltammogram of thémplictil oral solution in 0.1 moft posed for the determination of chlorpromazine hydrochlo-
H2SOy, containing ascorbic acid and 8610~“ moll~+ chlorpromazine ide i f . h tical f |ati is fast
hydrochloride: @) first voltammogram; ) third voltammogram. Spec- ride in pure form or in pharmaceutical formulations is fast,
troelectrochemical cell operated under stopped-flow condition. Scan rate: Simple and prone to automation. Compared to other flow-
11mvst injection methods for phenothiazine drugs, it is one of the
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simplest, in terms of instrumentation, and cheapest in terms[11] K. Kitamura, T. Goto, T. Kitade, Talanta 46 (1998) 1433-1438.
of cost per assay. Since the oxidation is carried out electro-[12] J. Karpinska, A. Kojlo, A. Grudniewska, H. Puzanowska-
chemically, the generation of a surplus of chemical reagents __ Tarasiewicz, Pharmazie 51 (1996) 950-954.

. . [13] H.D. Revanasiddappa, P.G. Ramappa, Talanta 43 (1996) 1291-1296.
and the formation of byproducts presenting safety problems[1 4] K. Basavaiah, J.M. Swamy, Il Farmaco 56 (2001) 579-585,

and/or having an environmental impact (e.g. chromium salts [15] k. Basavaiah, J.M. Swamy, G. Krishnamurthy, Anal. Lett. 33 (2000)
and/or cyanide) is avoided. In particular, sulfuric acid is 43-51.

used in diluted form, 0.1 motf, whereas published spec- [16] K. Basavaiah, J.M. Swamy, G. Krishnamurthy, Anal. Lett. 32 (1999)
trophotometric methods require, typically, a concentration of __ 2613-2623.

1 . h . [17] J.J. Mellinger, C.E. Keeler, Anal. Chem. 36 (1964) 1840-1964.
5mol 7" H2S0Oy. Additionally, despite the complexity of the [18] V.R. White, C.S. Frings, J.E. Villafranca, J.M. Fitzgerald, Anal.

sample matrix, no pretreatment is required, because the com- ~ chem. 48 (1976) 1314-1316.
bined information (current and absorbance measurements)19] J.L.L. Paz, A. Townshend, Anal. Commun. 33 (1996) 31-36.
contributes to a higher degree of selectivity and better dis- [20] A. Kajlo, J. Michalowski, E. Wolyniec, J. Pharm. Biomed. Anal. 22
crimination between analyte and interferences signals. In the ___ (2000) 85-91.
fd the iniecti ; | ithout th [21] A.C. Mehta, Analyst 106 (1981) 1119-1122.

pr.ese_nce ot dyes, the injec .|on ora sgmpe WI ou .e ap- [22] D. DeOrsi, L. Gagliardi, D. Tonelli, J. Pharm. Biomed. Anal. 14
plication of the electrochemical potential provides a simple (1996) 1635-1638.
and direct procedure to get information on the blank, to be [23] D. Stevenson, E. Reid, Anal. Lett. 14 (1981) 1785-1805.
subtracted. [24] J.E. Wallace, E.L. Shimek, S. Stavchansky, S.C. Harris, Anal. Chem.

The results obtained in the determination of chlorpro- 53 (1981) 960-962. ,

. hvd hloride i lictil (A ti tified [25] N. Zimova, |. Nemec, J. Zima, Talanta 33 (1986) 467—-470.
magzine hydrochloride implictil (Aventis), quantified US- 561 £ gelal, S. El-Ashty, IM. Shehata, M.A. El-Sherbeny, D.T. El-
ing _th_e methoq of standard additions, were satisfactory and "~ sherbeny, Mikrochim. Acta 135 (2000) 147-154.
sufficiently reliable to recommend the methodology as an [27] S. Dermis, I. Biryol, Analyst 114 (1989) 525-526.
alternative to the official method8,4]. Furthermore, this  [28] E. Bishop, W. Hussein, Analyst 109 (1984) 229-234.
work is a remarkable example that with the advent of sim- [29] J- Wang, B.A. Freiha, Talanta 30 (1983) 837-840.

- . [30] Y. Ni, L. Wang, S. Kokot, Anal. Chim. Acta 439 (2001) 159-168.
plified spectroelectrochemical flow ce[¥8,49] any labo- [31] F. Wang, M.G. Khaledi, Anal. Chem. 68 (1996) 3460—-3467.

. . . ]
rator_y equipped with a spectrophotqmgter ar:'d a pOte_n“(?Stat[G}Z] P.G.H.M. Muijsclaar, H.A. Claessens, C.A. Cramers, J. Chromatogr.
can introduce spectroelectroanalysis in routine applications 135 (1996) 395-402.
and explore its potentialities in research. [33] R. Wang, X. Lu, M. Wu, E. Wang, J. Chromatogr. B 721 (1999)
327-332.
[34] R.Y. Wang, X.N. Lu, M.J. Wu, J. Sep. Sci. 24 (2001) 658-662.
[35] H. Hayen, U. Karst, Anal. Chem. 75 (2003) 4833-4840.
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