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Abstract: A flow-injection coulometric method for the determation of chlorpromazine
based on ion transfer into a plasticized poly(viyiloride) (PVC) membrane, was
developed. The detector used consists of a floaudtlin cell that incorporates a plasticized
poly(vinyl chloride) (PVC) membrane which containgetrabutylammonium
tetraphenylborate as electrolyte. The membranecetéd between the flowing solution and
an inner aqueous electrolyte solution. Two pairseleictrodes, each pair formed by a
reference electrode and a working electrode, aesl,usne pair in each solution. The
potential between the reference electrodes wagsaltatt by a four-electrode potentiostat
with ohmic drop compensation. A potential step tépaf producing the transfer of the
chlorpromazine ion into the membrane was appliethduhe passage of a wide portion of
sample plug through the cell and the correspondjogntity of the electricity was
measured. In the selected conditions, a lineartioakhip was observed between the
quantity of electricity and chlorpromazine concatitms over a range of 1x£01x10* M.
The detection limit was 2 x TOM. Good repeatability and between-day reproduigybil
was obtained. No interference was observed on #ré gf some common ions and
pharmaceutical excipients. The method proposed waglied satisfactorily to the
determination of chlorpromazine in pharmaceutieald human urine.

Keywords: Interface between Two Immiscible Electrolyte Salus; ion transfer;
coulometry; chlorpromazine determination; flow-ictjen analysis
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1. Introduction

lon transfer across the Interface between Two Imimlis Electrolyte Solutions (ITIES) is a
fundamental aspect of the Electrochemistry of Ldguiquid Interfaces and several reviews [1-3] deal
with its fundamentals, methodology and applicaticftse use of ion transfer across ITIES to develop
detection systems for flow-injection analysis mited by the mechanical instability of the liquiduid
interfaces. However, several flow-injection ampeetic methods for the determination of different
ions based on ion transfer across ITIES has bgeortesl [4-13]. In these methods, the liquid/liquid
interface is stabilised in two main ways, usingaydis membrane located between both phases [4-6]
or increasing the viscosity of the organic phas woly(vinyl chloride) (PVC) to form a polymer gel
[7-8] which can be arranged as an array of micterfaces [9], or even a plasticized PVC membrane
[10-13] similar to those used in ion-selective #ledes (ISEs). Due to their physical and chemical
properties [14], the membranes of the last type lmareasily accommodated in flow-through cells,
which they exhibit a long lifetime. Differential [s& voltammetric techniques have been introduced to
accurately determine the standard ion transfernpialse into these membranes [15-16], which govern
the sensitivity and selectivity of the correspomd@iectrochemical sensors. Interestingly, a ratatigp
between the values found for the transfer of sameidrugs and their corresponding pharmacological
potency was found [16].

The main advantages of using amperometric deteatieimods based on ion transfer at ITIES over
classical potentiometric detection using ion-sélecklectrodes are that the ion selectivity of the
former can be tuned by altering the magnitude ef dpplied potential and that the amperometric
response is directly proportional to analyte cotragion, which is more suitable for detecting small
changes in analyte concentration than the morel ygiantiometric ISEs, which provide a potential
response proportional to the logarithm of the aeadhytivity.

In the present paper, a flow-injection coulometniethod for the determination of chlorpromazine is
proposed, in which the quantity of electricity @sponding to the chlorpromazine ion transfer into a
plasticized polymeric membrane during the passddkeocentral portion of the sample plug through
the detector cell is measured. Some principlesisftechnique have previously been presented &r th
transfer of the model ion tetraethylammonium [IS9§me authors have used the coulometric detection
based on ion transfer in flow systems [18-19].

Chlorpromazine is derived from phenothiazine and &a aliphatic side chain typical of low to
middle potency neuroleptics. Chlorpromazine haspaythotic and antiemetic effects, its generic
name being chlorpromazine hydrochloride, (2-Chlbdef3-dimethylamino-propyl] phenothiazine
hydrochloride (Scheme 1).

Several methods for the determination of chlorpromea using different techniques, including
spectrophotometry [20], spectrofluorimetry [21]ealuminescece [22], spectroelectrochemistry [23],
polarography [24], voltammetry [25], potentiometmyth an ion-selective electrode [26-27], liquid
chromatography [28-29] and capillary electrophaeld0], have been reported. The coulometric
method here proposed is applied to the determimatichlorpromazine in pharmaceuticals and human
urine.
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2. Experimental Section

2.1 Apparatus

The home-built four-electrode potentiostat and felectrode flow cell used were described in][17
Ag/AgCI electrodes were used as reference eledcirated Pt electrodes were used as counter
electrodes. A one-channel flow-injection assembdgwsed. The distance between the injection valve
and the cell was 30 cm. A Merck Hitachi L-7110 istic pump, Omnifit injection valve, PTFE tubing
of 0.5 mm bore and various end fittings and cororsctvere used to construct the flow injection
system. A glass ring of 28 mm inner diameter and®0 height, glass plate, vial and punch were
purchased from Fluka for the construction of theneanes.

2.2 Reagents and solutions

Poly(vinyl chloride) (PVC) high molecular mass, i&ophenyl octyl ether (NPOE), and
tetrahydrofuran (THF) were Selectophore productsomfr Fluka. Tetrabutylammonium
tetraphenylborate (TBATPB), tetrabutylammonium cide (TBACI), (N-[2-Hydroxyethyl]
piperazine-N’-[2-ethanesulfonic acid] sodium salEPES) and chlorpromazine hydrochloride
(CzHCI) were purchased from Sigma. A 1¥X1M1 solution of CzHCI was prepared by dissolving in
water. Working solutions were prepared by dilutivih 5x10° M LiCl. Glucose, lactose, sucrose and
starch were purchased from Probus. All the othagests used were of analytical reagent grade.
Nanopure water (18-K) prepared with a Milli-Q (Millipore) system wasagthroughout.

Largactil tablets (Laboratoires Aventis, Paris,fie&): 25 mg chlorpromazine hydrochloride, starch,
lactose, sucrose and other excipients. Largactgauie (Laboratoires Aventis, Paris, France): 25 mg
chlorpromazine hydrochloride by ampoule, and otx@ipients.

2.3 Membrane preparation

The membranes were prepared by dissolving 200 ngE\R00 mg PVC and 8.4 mg TBATPB in
3 mL of tetrahydrofuran. This solution was pounetbithe glass ring resting on the glass plate aas&l w
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left overnight to allow the solvent to evaporatevdl. A 7-mm diameter piece was cut out with the
punch and incorporated into the flow-through cElle electrochemical cell can be expressed as

AgOAgCITBEx10%M TBACI[5x10° M TBATPBI5x10° M LiCl, xM CzHCICOAgCIOAg

o »d
<« Ll |

»
|

The applied potentiak is defined as the potential difference between rtgbet and left hand
terminals. E is controlled by means of the four-electrode pttostat that applies the necessary
potential between the right and left counter eta#s. A positive current corresponds to the trarcdfe
cations from the sample phase into the membrangepha

2.4 Flow-injection coulometric procedure for the determination of chlorpromazine

Aliquots of 160pl of chlorpromazine working solutions (1x10- 1x10* M) were injected in a
5x10° M LiCl carrier solution pumped at a flow rate 00Inl min*, while applying a double potential
step. This consisted of an initial potential of8D2/ for 8 s, after which the potential was stepfmed
forward potential of 0.375 V for 10 s, then to @20 for 50 s. The current versus time responseecurv
was recorded and the corresponding quantity otratég versus time was obtained by integrationeTh
quantity of electricity obtained during the apptioa of the first potential step (0.375 V) was péot
versus CzHCI concentration. A blank assay wasralsdo correct the values.

2.5 Flow-injection coulometric procedure for the determination of chlorpromazine in pharmaceuticals
and human urine.

Tablets: The content of ten tablets was mixed aegjlved. An amount of 3.7 mg of tablet powder
was accurately weighed and dissolved in 50 mL dfo8xM LiCl, 5x10%° M HEPES pH 7.4. The
chlorpromazine concentration was determined folhgnvine procedure described 2o but usinga
calibration graph realised in the same medium asdmple.

Ampoule: The content of three ampoules was traresleio a 500-mL calibrated flask and diluted to
the mark with 5x18 M LiCl, 5x10% M HEPES pH 7.4 solution. The chlorpromazine cotregion
was determined as described above.

Human urine: Samples were obtained from a healtiynteer. In the absence of urine samples
containing chlorpromazine, known amounts of chlonpazine hydrochloride were added. The
chlorpromazine was extracted following a procedsingilar to that described in [24]. The pH of a 50
mL sample of urine was adjusted to 10 with 1.0 MONeand 5 mL n-hexane were added. The solution
was shaken and the aqueous phase was discardedrgeimic phase was shaken with 5 mL 5k2\0
H,SQO, solution and the aqueous phase was separatedctedllinto a 10-mL calibrated flask and
diluted to the mark with 1xI® M LiCl. The chlorpromazine concentration was deiieed as
described ir2.4. A urine sample containing no chlorpromazine was aun as a blank.

3. Results and Discussion

The principle of the flow-injection coulometric rhed is shown in Fig.1, and the experimental
results obtained following the procedure descrilbed.4 for three chlorpromazine concentrations are
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shown in Fig.2. As shown in Fig.1, a double potdrdtep was applied at the same time as the sample
was injected. As can be seen in Fig.2, at theainfibtential appliedHp), the background current
corresponding to the supporting electrolyte wadigigde. At timet; (Fig.1), when the central portion

of the sample plug had arrived in the detector, elforward potentiaE; capable of causing the
transfer of protonated chlorpromazine cation iti® membrane was applied for a duratiah = t, -

t1, which produced a positive transient current respdfig. 2a). The quantity of electricity sampléd a
timet; (Fig.1) corresponds to the peak value in Fig.A%can be seen this peak value increased as the
chlorpromazine concentration in the injected sanmeeased. The potential was then stepped to the
potentialE; (Fig.1), at which the chlorpromazine cation in thembrane was transferred to the flowing
solution, producing a negative transient curregpoase (Fig.2a). The corresponding process thas tak
place at the inner solution/membrane interfacehis transfer of tetrabutylammonium from the
membrane to the internal solution and vice velsa,liehaving as an ideally non-polarizable intexfac
because of the presence of a high concentratidat@butylammonium in both sides. Before a new
injection, the potential was stepped to the iniialue E;, which was held sufficient time to reach a
zero current value.

Figure 1. Principle of the method. Applied potential (lefthcaconcentration of the
sample plug (right) vs. time. The concentration figowas obtained from the
amperometric response of the detector after imgcd sample, applying a constant
potential of 0.375 mV to the detector.
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Figure 2. Current (a) and quantity of electricity (b) vs. éraurves obtained for: (1) 4 x
10° M, (2) 8 x 10° M, (3) 1 x 10" M chlorpromazine and (s++) blank, E 0,375 V.
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With regard to the origin of the current observedthe blank, we think that it is mainly a faradic
current arising from the transfer of ions of themorting electrolytes. Taking into account the dtad
transfer potential values reported for lithium aegtaphenylborate ions between water and a polyviny

chloride membrane plasticized with 2-nitrophenytybether [31], the blank current would be caused
by the egress of tetraphenylborate from the menagbran

3.1 Influence of the electrochemical variables

The t value was tested to synchronize it with the passdghe more concentrated portion of the
sample plug through the detector cell. A value ef\das found and used in further studies.

The influence of the applied potenti#él; on the quantity of electricity corresponding to
chlorpromazine transfer was studied in the rang&3 mV using a 1.0 x 0M CzHCI working
solution and the remaining experimental conditidascribed ir2.4. The results are shown in Fig. 3.

As can be seen, a maximum quantity of electricis wbtained at a potential Bf 0.375 V and this
value was selected for further studies.
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Figure 3. Influence of the applied potential.E
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The influence of the time intervait; was studied in the range 2-20 s. The blank valuaéstlae
quantity of electricity corresponding to chlorprarimee transfer increased as the tikigwas increased
over the whole range studied. Also, the reprodiitylwas worse at the highest time values assajed.
possible explanation of the above is that for thisigevalues, aAt, of 50 s is not sufficient for the

complete regeneration of the membrane. Takinghalih to account &t; value of 10 s was selected
for further studies.

3.2 Influence of pH

The influence of the pH was studied over the raBge8.3 by adding p80O, or NaOH
solutions, in the selected conditions describe2l4rusing a 1.0 x 16 M CzHCI working solution. The
influence of pH was also studied over the range8618by adjusting the pH with HEPES buffer. The
results obtained are shown in Fig.4. As can be,gbemlot of the quantity of electricity versus ped
a maximum at about pH 6.0. There was no differdrateeen the results obtained by adjusting the pH
values with HSO,/NaOH or HEPES buffer. The pH of the chlorpromaziweking solutions prepared
in 5 x 10° M LiCl was 5.7, which lies close to the maximum.

3.3 Features of the method

The calibration graph for chlorpromazine was stddietween 1x1® and 1x1G M (0.36-355 pg
mL™ chlorpromazine hydrochloride) following the prooeelin2.4. A linear relationship between the
peak height (H) and imipramine concentration wasiokd up to 1x16 M CzHCI. The regression
equation was H(C) = 1.8x10 [CzHCI|(M) + 2.3x10° with a regression coefficient of 0.998. The
detection limit obtained from three times the stadddeviation of the baseline noise was 2.0 % 0

The repeatability of the proposed method was etedluby performing ten consecutive injections of
2x10° M and 8x1C M CzHCI working solution. The variation coefficisnobtained were:1.3 and
+1.5%, respectively. The between-day reproducibiligs studied by injecting a 5XI0M CzHCI
working solution on ten random days during a twaekveeriod. During this period, the detector cell
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was stored with the supporting electrolyte solwiamside. The variation coefficients of the means
corresponding to three injections each day wéré %.

Figure 4. Influence of pH. A) pH adjusted with k5O, or NaOH. (1) pH adjusted with
HEPES buffer.
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H
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A comparison of the sensitivity of the proposed hodt with those corresponding to the other
methods referred to for the determination of chiompazine [20-30] shows that the proposed method
IS more sensitive than the spectrophotometric, tspelectrochemical and potentiometric methods,
similar in sensitivity to the voltammetric, spedlorimetric, polarographic and solid phase
extraction-liquid chromatographic methods and lesssitive than direct HPLC and electrophoretic

methods. An advantage of the proposed method @rarel methods is its lower cost and greater
simplicity.

3.4 Effect of other species

The effect of other species on the coulometric oettior the determination of chlorpromazine was
studied by injecting solutions of 5x20 CzHCI working solution containing different camrations
of several inorganic and organic species. Catidatisns were in the form of sulphates and nitrates,
and anion solutions in the form of sodium saltse Tolerance limit was taken as the concentration
causing an error of not more thaf % in the determination of chlorpromazine” Ka', C&*, Mg*",
CI', glucose, lactose, sucrose and starch did nafengée at least up to a species/chlorpromazine mola
ratio of 100. In view of the results found in prews papers on amperometric methods based on ion
transfer across a water-plasticized polymeric mambrinterface [11-12], the interference of the
pharmaceutical compounds imipramine and verapanakpected.
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3.5 Applications

The flow injection coulometric method proposed wapplied to the determination of
chlorpromazine hydrochloride in pharmaceuticals lamchan urine following the procedures described
in 2.5. The results obtained are shown in Table 1, whexg are compared with the labelled or added
values. Excellent recoveries were obtained.

Table 1 Determination of chlorpromazine hydrochloridgimarmaceuticals and urine.

Sample Labelled or added Found Recovery (%)
_ 25° 24.6+0.4 98.6
Largactil tablet
_ 25° 25.1+0.2 100.6
Largactil ampoule
0.89 0.87 £0.02 97.8
_ 7.11 7.29 £ 0.07 102.5
Urine
17.76 18.25+0.04 102.8
28.40 29.30 £ 0.42 103.2

®Mean value * standard deviation (three determinajio
®mg chlorpromazine hydrochloride / ampoule or tablet

°ug mL* chlorpromazine hydrochloride

3.6 Conclusions

The flow-injection coulometric method based on tansfer into a plasticized poly(vinyl chloride)
(PVC) membrane permits the determination of chlompzine with good sensitivity and
reproducibility. The method proposed can be used tfee determination of chlorpromazine
hydrochloride in pharmaceuticals and human urine.
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