
E L S E V I E R  
Journal of Pharmaceutical and Biomedical Analysis 

15 (1996) 365 370 

JOURNAL OF 
PHARMACEUTICAL 
AND BIOMEDICAL 

ANALYSIS 

Anodic voltammetry of fluphenazine at different solid 
electrodes 1 

Z. Sentfirk*, S.A. Ozkan,  B. U slu ,  i. B i r y o l  

D~7~artment ~[ AnaO'tical Chemisto', Faculty ~[ Pharmacy, Ankara ~_nilersity, (16100,4Hkara, 7)o'kev 

Received for review 13 September 1995: revised manuscript received 6 February 1996 

Abstract 

The electrochemical behaviour of fluphenazine based on its oxidation at platinum and glassy carbon electrodes was 
investigated by linear sweep and cyclic voltammetry. The influence of pH. concentration, nature of the bufl'er and 
scan rate was carefully examined. At both electrodes, three anodic steps (representing an irreversible oxidation) were 
obtained. The method was applied to the determination of fluphenazine in sugar-coated tablets. 

Keyn'ords: Fluphenazine; Platinum and glassy carbon electrodes; Tablets: Voltammetry 

1. Introduction 

Fluphenazine, a piperazine-type phenothiazine, 
is widely used in the control of symptoms of 
schizophrenia. 

Methods for the determination of fluphenazine 
include gas-liquid chromatography [1,2], gas liq- 
uid chromatography combined with mass spec- 
trometry [3,4], high-performance liquid chroma- 
tography [5 7] and radioimmunoassays [8,9]. 

A common property of all N-substituted phe- 
nothiazines is that they are easily oxidized, either 
chemically or electrolytically. Investigation of  the 
electro-oxidation of  these drugs gives some infor- 
mation about their clinical activities. The explana- 
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tion of the electrode reaction may provide infor- 
mation about the drug receptor interaction. The 
interaction between the dopamine receptor and 
phenothiazines is very important in drug activity 
and the electrode can be accepted as a simple 
model of the receptor. 

The electrochemical oxidation of fluphenazine 
and various tranquillizers at a wax-impregnated 
graphite electrode for the extraction adsorption 
of the drugs by differential-pulse voltammetry was 
studied [10]. A sensitive method for the determi- 
nation of fluphenazine and related compounds at 
carbon paste electrodes by differential-pulse 
voltammetry was also reported [11]. 

The aim of this study was to investigate the 
voltammetric behaviour of fluphenazine at plat- 
inum and glassy carbon electrodes in order to 
develop a method for the determination of this 
compound in dosage forms. 
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Fig. 1. Cyclic vo l tammogram of 1 × l0 3 M fluphenazine in 0.5 M H2SO 4 at the platinum electrode. Scan rate: 100 mV s ~. The 
broken line represents the residual current. 

2. Experimental 

2.1. Apparatus 

The voltammetric measurements were per- 
formed on a PRG-3 polarograph (Tacussel) con- 
nected to an EPL-2 recorder (Tacussel). All the 
potentials were reported vs. a saturated calomel 
electrode (SCE) and the auxiliary electrode was a 
platinum wire. Two working electrodes were used: 
a platinum wire (Tacussel, diameter 1 mm, height 
15.7 mm) and a glassy carbon electrode (Tacussel 
XM 540, area 0.47 cm2). The cell was covered 
with aluminium foil to protect from light. 

2.2. Reagents 

Fluphenazine dihydrochloride (generously pro- 
vided by Fako Drugs Industries, lstanbul, 

Turkey) was used without further purification. All 
other reagents were of analytical grade. Stock 
solutions were prepared daily by dissolving 
fluphenazine in selected supporting electrolytes. 
Alkaline media were avoided as fluphenazine un- 
dergoes a precipitation reaction in such media. 
Doubly-distilled water was used to prepare the 
solutions. 

2.3. Pre-treatment of the working electrodes 

Pre-treatment of the platinum electrode was 
performed by anodising the electrode at + 1.2 V 
for 5 min and, after washing it thoroughly with 
doubly-distilled water, allowing it to stand at 
+ 0.1 V for 15 min in de-aerated 0.5 M sulphuric 
acid. Activation of the glassy carbon electrode 
was achieved by polishing the electrode with alu- 
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Scheme  I. 

mina every 10 15 measurements and polarising 
the electrode for 5 min at + 1.5 V, followed by 
the application of 1.0 V for 2 3 s in 0.1 M 
potassium nitrate before each experiment. It was 
necessary to remove dissolved oxygen when 
working with the platinum electrode but this 
was not necessary with the glassy carbon elec- 
trode. 

3. Results and discussion 

3. 1. Expuriments oH the platinum electrode 

In 0.5 M sulphuric acid, the electro-oxidation 
of fluphenazine was well defined and occurred in 
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three steps at about q-0.75 V, + 1.1 V and 
+ 1.45 V (Fig. 1). The half-wave potentials o1" 
the second and third waves were shifted towards 
more positive values with increasing concentra- 
tion. This suggests that adsorption occurs after 
the first step. The most anodic wave disappeared 
at very low pH values owing to its overlap with 
the background electrolyte discharge. According 
to current knowledge of the electro-oxidation of 
phenothiazines [12,13], the first oxidation step of 
fluphenazine, resulting simply fi'om the loss of  
an electron from the parent compound,  pro- 
duces the corresponding cation free radical 
which is stable in acidic solutions, however, its 
lifetime is shorter in less acidic media. The sec- 
ond step is a further one-electron oxidation of 
fl'ee radical to the sulphoxide (Scheme I). The 
third step is related to the further oxidation of 
fluphenazine 5-sulphoxide [14]. ()n the cathodic 
branch, the current density of the peak at about 
+ 0.2 V. which corresponds to the reduction of 
the surface layers of the platinum electrode, was 
lower than that obtained in the supporting clec- 
trolyte. This phenomenon may occur because 
the formation of the oxidation products hinders 
the surface oxidation to some extent [15]. More- 
over, in solutions more concentrated than 10 
M. this single cathodic peak split into two over- 
lapping peaks. Cyclic voltammelry demonstrated 
the total irrexersibility of this system at scan 
rates fiom l0 mV s ~ to 100 mV s 

The least anodic wave was also the best 
defined, the peak becoming sharper with an in- 
crease in thc concentration. For analytical pur- 
poxes, the first anodic step was the most useful. 
Hence, all subsequent work was based on mea- 
surement of the magnitude of this step. 

The effect~ of potential scan rate (u) on the 
peak potential and peak current for fluphenazine 
were ewtluatcd. The linear increase in the oxida- 
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Fig. 3. Influence of  pH on the anodic vol tammograms of 4 x l0 4 M fluphenazine at the glassy carbon electrode. Scan rate: 100 
mV s 

tion peak current with the square root of the 
scan rate over the l0 100mV s ~ range, with a 
slope of 2.70 (correlation coefficient 0.997), 
showed the diffusion control of the process. The 
plot of Ep vs. V 1/2 was also linear (correlation 
coefficient 0.994). A positive shift in the peak 
potential was observed when the scan rate was 
increased over the range given. 

Fig. 2a shows the dependence of the peak en- 
hancement on the solution acidity. Peak current 
remained constant in acidic media up to pH 3.5 
and then showed a sharp increase up to pH 6.2. 
The effect of the solution pH on the peak po- 
tential is also shown in Fig. 2b. The peak exhib- 
ited three breaks, at pH 1.8, 3.5 and 4.7, which 
can be explained by changes in protonation of  
the acid-base functions in the molecule. 

3.2. Experiments on glass), carbon electrode 

When a glassy carbon electrode was used in- 
stead of a platinum electrode, the three oxida- 

tion steps were again observed by increasing the 
sensitivity of the measurement compared to that 
of the platinum electrode. However, the shapes 
of these waves were markedly dependent on pH 
(Fig. 3). The second wave was not well sepa- 
rated from the first at higher concentrations and 
disappeared at lower scan rates. 

At the glassy carbon electrode, cathodic peaks 
were not detected by reversing the scan direc- 
tion, indicating an irreversible process. 

The shape of the most anodic wave changed 
in strongly acidic solutions and a peak ap- 
peared. The peak current was diffusion con- 
trolled and cyclic voltammograms presented 
evidence of  slight adsorption, the oxidation peak 
height being not directly proportional to the 
square root of the scan rate. With increase in 
pH, the peak became ill-defined and quantita- 
tion of  the peak was not possible. For this rea- 
son the peak in strongly acidic media was 
chosen for analytical purposes. 
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Table I 
Characteristics of fluphenazine calibration plots 

369 

Electrode Medium Concentration Slope Intercept Correlation SE of slope SE of Intercept 
range (M) (laA M It (t.tA) coefficient (~A M ~) (~.tA) 

Platinum 0.5 M tt2SO 4 4x10 4 l x l 0  = 5.52×10 ~ 0.16 (I.999 5.83×10 I).27 
( n  - 9 )  

Phosphate buffer 2x10 4 4;,<10 ~ 1.64×104 5.39 ~).998 4.12×10 ~ IL73 
(pH 6.2) (n = 7) 

Glassy carbon 0.5 M H,SO 4 2 x 10 5 8 x 10 "* 1.60 × 10 ~ 5.26 0.999 2.58 '< 1~)~ !).95 
(n - -  9 )  

3.3. Q u a n t i t a t i c e  d e t e r m i n a t i o n  

Various  electrolytes ,  e.g. sulphuric  acid (0.1, 0.5 
and 1 M), acetate  buffer  (0.2 M, p H  3.6 4.7) and 
phospha t e  buffer  (0.2 M, pH 4.7 6.2), were evalu-  
a ted as sui table  media  for the quant i t a t ive  deter-  
mina t ion  of  f luphenazine.  Best results  (with 
respect to signal enhancement  and  peak  shape)  
were ob ta ined  with 0.5 M sulphuric  acid for  bo th  
electrodes.  Phospha te  buffer  (pH 6.2) was also 
used for the p l a t inum electrode.  Sa t i s fac tory  re- 
suits were ob ta ined  with a scan rate of  100 mV 

I 
s 

By choos ing  the o p t i m u m  cond i t ions  ment ioned  
above,  ca l ib ra t ion  plots  were d rawn by spiking the 
b lank solut ion with different  amoun t s  o f  the drug.  
The character is t ics  of  these plots  are listed in 
Table  1. The  p roposed  me thod  was appl ied  to the 
direct  de t e rmina t ion  o f  f luphenazine  in Mod i t en  
sugar -coa ted  tablets .  

Tab le  2 compares  the results o f  the analysis  o f  
f luphenazine  by the p roposed  me thod  and by the 

USP XXII  p rocedure  [16] which involves a spec- 

t r opho tome t r i c  method .  It is evident  that  the pro-  
posed me thod  is as sensitive as the official me thod  
except for the result ob ta ined  with (1.5 M sulphuric  
acid at the p la t inum electrode.  Accord ing  to Stu- 
den t ' s  t-test ,  the calcula ted t values were t \mnd to 
be 1.029 (0.5 M H 2 8 0 4 )  and 1.928 (phospha te  
buffer  pH 6.2) for the p la t inum electrode and 
1,979 for the glassy ca rbon  electrode.  The theoret -  
ical t value was 2.101 ( p = 0 . 0 5 ) .  This indicates  
that  there is no significant difference between the 
two methods  with respect to precision and accu- 
racy. However ,  the vo l t ammet r i c  assay is simple 
and rapid  in compar i son  with the UV spec t ropho-  
tometr ic  assay. No  t rea tment  o f  the sample  is 
required before  the vo l t ammet r i c  analysis.  Excipi-  
ents present  in the tablet  do not interfere with the 
analyses.  

In summary ,  it is conc luded  that  the electro- 
chemical  me thod  for the de te rmina t ion  o f  flup- 
henazine presented in this paper  has the 
advan tages  of  being rapid,  simple and inexpensive. 

Table 2 
Comparative studies for fluphenazine sugar-coated tablets (declared amount: 1.0 mg per tablet} 

Paramcler Voltammetric assay Spectrophotometric assay 

Platinum Glass\ carbon 

0.5 M H2SO 4 Phosphate buffer 0.5 M H,SOa 
(pH 6.2) 

Amount found (rag) ~ 1.02 1.01 1.02 0.99 
SD 0.1 I 0.04 0.05 (I.02 

~' Each value is the mean of 10 experiments. 
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