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Abstract

In the present study the voltammetric behaviours of some phenothiazines namely
Promazine hydrochloride, Promethazine hydrochloride and Fluphenazine hydrochloride
were investigated. And it was shown that the electrooxidation of the substances were
dependent on the nature of the supporting electrolyte , pH, scan rate. The results of the
statistical analysis revealed that the quantitative analysis of these substances could be made
using glassy carbon electrode, activated by a simple electrochemical procedure, with good

accuracy and precision.
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Introduction
The phenothiazines are among the most widely used drugs in medical
practice.Phenothiazine has a three-ring structure in which two benzene rings are linked by

a sulfur on a nitrogen atom.
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In the present study three members were investigated namely; promazine hydrochloride,

promethazine hydrochloride and fluphenazine hydrochloride. The structures of the

substances are shown in Scheme 1.
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Scheme 1 . The structures of the phenothiazines used in this study

Promazine hydrochloride and fluphenazine hydrochloride are used as antipsychotics and
promethazine hydrochloride is used as an antihistaminic and antiemetic.

Methods for the determination of these drugs include FIA using fluorimetric detector b3
spectrophotometry™, gas chromatography high performance liquid chromatography®"'
gas liquid chromatography'>'®>, gas liquid chromatography combined with mass
spectrometry'*!* and radioimmuno assays'®"".

Numerous electroanalytical methods for the determination of phenothiazines are available
for example wax impregnated graphite electrode'® fatty acids and lipid modified carbon
paste electrode’®?® nafion coated glassy carbon electrode 2122 phospholipid/cholesterol
modified glassy carbon electrode 2 ruthenium and platinum electrodes -

This paper deals with the electrochemical behaviour of these drugs on an
electrochemically pretreated glassy carbon electrode.The effects of the factors such as
supporting electrolyte and pH on the voltammograms were shown and also the optimum

conditions for the determination of the drugs under study were investigated. The statistical

analysis of data revealed that the voltammetric method by the use of glassy carbon

electrode was convenient for the quantitative analysis of these substances.

EXPERIMENTAL
Apparatus:

The voltammetric measurements were performed on a PRG-3 polarograph (Tacussel)
associated to an EPL-2 recorder (Tacussel).A glassy carbon electrode (Tacussel, Type XM
540,area:1.013 cm?), a saturated calomel electrode (SCE) and a platinum wire were used
as working, reference and counter electrodes respectively.

Reagents:

Promazine hydrochloride (Sandoz Drug Industries Inc. Istanbul, TURKEY), Promethazine
hydrochloride ( Giinsa Drug Industries Inc., Adana, TURKEY) , Fluphenazine
hydrochloride ( Fako Drug Industries Inc.,Istanbul, TURKEY) were used without further
purification. All other reagents were analytical grade. Doublly distilled water was-used to
prepare the solutions. Various electrolytes e.g., sulphuric acid (0.5M), phosporic acid
(0.2M , pH 2), acetate buffer (pH 3.5 - 6.2), phosphate buffer (pH 4.7 - 8.5)were
evaluated a suitable media for the determination of these phenothiazines.

Acetate buffers of pH 3.5, 4.7 , 6.2 were prepared by the addition of proper volumes of
5M sodium hydroxyde to 0.2 M acetic acid solution ; and phosphate buffers of pH 4.7 ,
6.2,7.0, 8.5 were prepared by the addition of proper volumes of 5M sodium hydroxyde
to 0.2 M sodium dihydrogen phosphate solution.

Stock solutions were prepared daily by dissolving these phenothiazines in selected
supporting electrolytes.

Pre-treatment of the working electrode:

Because the apparent rates of electron transfer are slower at glassy carbon electrodes than
at metallic electrodes a lot of investigations have been reported in the literature in order to
activate these electrodes. Among these activation procedures metallographically polishing
and electrochemical pre-treatments were also took place™? .Studies on glassy carbon
indicate the existence of various surface oxide forms, such as hydroxyl, carbonyl, carboxy
and quinoidal structures. When a potential is applied to a glassy carbon electrode these
surface structures come into redox equilibrium with the applied potential slowly because
the rates of solid-state surface reactions are low >’

There is no agreement on a standard electrochemical pre-treatment for glassy carbon

electrode, because the activation method also depends on the material being analysed.



For our purpose activation of the glassy carbon electrode was obtained by polishing the
electrode with alumina for every 10-15 measurements and by applying a potential of
+1.5 V for 5 min and -1.0 V for 2-3 s in 0.1 M potéssium nitrate solution before each
experiment. By this pre-treatment it was observed that the reproducibility of the curves
were satisfactory. When the tests were performed using a glassy carbon electrode activated

by only polishing with alumina reproducibility was poor.

RESULTS and DISCUSSION

It has been proposed that phenothiazine derivatives undergo two one-electron oxidation

steps in 6 M sulphuric acid solution.The first step is the oxidation of R * to R and the
second is the oxidation of R" to S, where R : represents the initial form of the compound,

R represents the free radical obtained by 1- electron loss and S represents the

corresponding sulfoxide®’. However in a weakly acidic solution the cation radical is
unstable and undergoes chemical reaction e.g. hydrolysis.In recent studies on
phenothiazine cation radical hydrolysis in aqueous buffer solutions it has been reported

that the cation radical is attacked by a weak nucleophile to form an adduct which is
oxidized by another molecule of the cation radical to produce R “and S*' .

Voltammograms were obtained in sulphuric acid solutions,acetate buffer of pH 3.5 ; 4.7 ;
6.2 and phosphate buffer of pH 4.7 ;6.2 ;7.0 ; 8.5.

Fig. 1 shows the behaviours of the drugs in 0.5 M sulphuric acid solution.Generally three
oxidation steps are seen on the curves and the peak potentials of promazine HCI seem to
be lower than the others. At the scan rates below 100 mVs™ the shape of the peaks changes
to limiting currents. At the cathodic branches promazine HCl and promethazine HCl show
three steps at about 600 , 300 and 100 mV but fluphenazine seems to be more irreversible
and no peak was observed.Some examples about the curves obtained in acetate and
phosphate buffers are seen in Fig.2. It was observed that the peak potentials shifted to less
positive values with the increase in pH as can be seen on the curves.The first oxidation
peak of promethazine which was observed in Fig.1 disappeared and the peak current of

the second peak increased. The third peak can be seen only on the curve of fluphenazine.
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Fig.1 : Cyclic voltammograms of 4.10* M drugs in 0.5 M H,SO, solution.
(-----), Supporting electrolyte, ( ---- ),Fluphenazine HCI,
(—),Promethazine HCl, (-0-0), Promazine HCl, scan rate,100 mV/s.

(-x-x-) Promethazine HCI , scan rate, 50 mVis.

Takamura et al > observed three oxidation steps for chloropromazine ( CPZ ) in the
phosphate buffer of pH 3.9 at 650 ; 950 and 1100 mV vs SCE.At the end of the analysis
of the products at these potentials they reported that at 650 mV CPZ cation radical formed

+
(CPZ * )and finally CPZO was obtained.At the peak potential of 950 mV they reported

that the ﬁnal product was also CPZO which formed by the subsequent oxidation of CPZ *.
The third peak was found as the result of the further oxidation of CPZO.
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Fig. 2 : Voltammograms of 4.10™* M drugs in different buffer solutions and different pHs.
(@) in acetate buffer,pH 3.5 ; (B) in acetate buffer, pH 4.7; (c) in phosphate buffer,pH 4.7
(d) in phosphate buffer , pH 6.2; (--—-), Supporting electrolyte, (---+- ),Fluphenazine HCI,

(—),Promethazine HCI, (-0-0-), Promazine HCIL.

At the present study the potentials of the two peaks seem to be in accordance with the
observations of Takamura et al for promazine HCl but for Promethazine HCI and
Fluphenazine HCl the potentials are more positive ( Fig. 2a ) indicating that the reactions
are energetically less favourable. When the peak currents of the first peaks were plotted
against pH in phosphate and acetate buffer ( Fig. 3 ) in phosphate buffers an increase with
pH was observed which supports the catalytic mechanism at higher pHs in accordance

with the literature > .
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Fig.3 : Effects of the pH on the Fluphenazine HCl, Promethazine HCl and Promazine HCI
peak currents. Drug concentration 4.10™* M. Scan rate,100 mV/s.

(a) Acetate buffer , pH 3.5 ;4.7 ;6.2 (b) Phosphate buffer, pH 2 ; 4.7 ; 6.2

( 0 ) Fluphenazine HCI ,( A ) Promethazine HC1 , ( 0 )Promazine HCI

From the voltammograms recorded for various concentrations for the three drugs the

logi

. . a .
homogenous reaction orders were calculated using ( )e equation . In 0.5 M

d logc

sulphuric acid solution for promazine HCl at the potential of 700 mV in the
concentration range of 4.10°-1.10* M it was found as about 1 and in the concentration
range of 4.10°-8.10™ M this value decreased and found as about 0.4 indicating that the
oxidation meéchanism of this substance depends on the concentration.For promethazine in
the concentration range of 8.10°-4.10* M , for fluphenazine between 2.10°-8.10* M ,the
concentration ranges for analytical evaluation, the degree of the reactions were found as
about 1 and no concentration dependence were observed in the range under study.In
acetate and phosphate buffers the degree of the reactions were found different indicating
that the anions take part in the mechanism. Fig.3 shows that i, is nearly independent of
pH in acetate buffers and a linear dependence exists between i, and pH in phosphate

31,32

buffers for all the three substances in accordance with the results in literature . In
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phosphate buffers the reaction is accelerated at higher pH. An addition reaction occurs
between the supporting electrolyte and phenothiazine cation radical. With phosphate
nucleophile a proton may be produced, this makes the rates of the cation radical decay
highly pH dependent while nucleophiles, derived from monoprotic acids do not show such

a dependence.

The curves obtained in various buffer solutions were analytically evaluated and it was.

statistically shown that the quantitative determination of promazine HCI, promethazine
HCI and fluphenazine HCI could be made using glassy carbon electrode. Table I shows the
optimum conditions and the results of the linear regression analysis. From analytical view
point best results were obtained in different solution for all the three substances as can be
seen in Table I. The statistical analysis showed that the most reproducible results could be
obtained in 0.5 M sulphuric acid for Fluphenazine , in acetate buffer of pH 4.7 for
Promethazine and in acetate buffer of pH 6.0 for Promazine.

Although peak currents for Fluphenazine are higher in phosphate buffers than in the other
solutions the reproducibility is poor in these media this may be because of catalytic

mechanism is dominant in phosphate buffers.

CONCLUSION

This study revealed that the electrooxidation mechanism of phenothiazines changes
depending on pH and the nature of the supporting electrolyte solutions. From analytical
view point it was shown that the analysis of Promazine, Promethazine and Fluphenazine
could be made with enough accuracy and precision using a glassy carbon electrode which

was simply pretreated by the application of an electrochemical procedure.

Table I: Linear regression results of Fluphenazine, Promethazine and Promazine hydrochloride.

Peak currents were taken at 1.35 V for Fluphenazine ; 0.80 V for Promethazine ; 0.70 V for Promazine.
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