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Abstract

A cetirizine hydrochloride PVC membrane drug sensor was developed by using the ion association complex produced with
sodium tetra phenyl borate and cetirizine hydrochloride as electroactive substance. In sodium dihydrogen phosphate-sodium
hydroxide buffer solution of pH 5.0, the linear range of the sensor is 1.58X106~1.0x10" mol/L, the slope is 46mV/pC
(20°C) and the detection limit is 6.31x107 mol/L. The sensor has fast response and good teproducibility. Using the sensor
for the determination of cetirizine hydrochloride in drugs, the relative standard deviation is less than 3% and the results are

consistent with the labeled content in preparations.
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Introduction

The chemical name of cetirizine hydrochloride is
(%)-2-[2-[4-(4-chlorophenyl) phenylmethyl]-1-piperazinyl] ethoxy
acetic acid dihydrochloride (C,,H,.CIN O *2HCI). Cetirizine
hydrochloride is an antihistamine with selective antagonism to H,
receptors. Characterized by rapid onset, long duration of action
and good safety, it is now a clinical medicine of autonomous
production commonly used in China for treating allergic rhinitis,
urticarial, allergic skin pruritus and other allergic diseases.
According to literature, methods for the determination of cetirizine
hydrochloride include high performance liquid chromatography
[1], high performance thin layer chromatography |[2], liquid
chromatography-mass spectrometry [3], UV spectrophotometry
[4], capillary electrophoresis [5], capillary electrophoresis electro-
chemiluminescence [6], potentiometric titration [7], perchloric
acid titration [7], linear sweep polarography [8], electro-
chemiluminescence |9] and fluorescence quenching method [10],
etc. These methods are cumbersome and have high requirements
for instruments and equipment’s. Though they have shown that
the system can be miniaturized by a handheld system [11-13], this
is yet to be done. In this paper, a cetirizine hydrochlotide PVC
membrane drug sensor was developed by using the ion association
complex produced with sodium tetraphenylborate and cetirizine
hydrochloride as electroactive substance. Using the sensor for the
determination of cetirizine hydrochloride in drugs, the relative
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standard deviation is less than 3%. The sensor has high response
speed, simple operation, high sensitivity and high determination
accuracy.

Experiment
Main Instruments and Reagents

Here is the list of the instruments and the reagents used for this
experiment. PHS-3B precision pH meter (Shanghai Precision
Instruments Co., Ltd.); TU-1901 UV-visible spectrophotometer
(Beijing Purkinje General Instrument Co., Ltd.), 232-saturated
calomel electrode (Shanghai LIDA Instrument Factory).O-
nitro phenyl octyl ether (O-NPOE) (synthesized according to
[14]). Phosphate buffer solution (pH 5.0): take 500mlL sodium
dihydrogen phosphate solution of 0.2mol/L and adjust the pH
value to 5.0 with sodium hydroxide solution of 0.2mol/L.

PVC adhesive: weigh PVC powder of appropriate amount,
dissolve it with tetrahydrofuran and prepare PVC adhesive with
mass fraction of 8% and 5% respectively; Cetirizine hydrochloride
standard solution (1.0mol/1.) and deionized water.

Preparation of Electroactive Substance

Drip 50mL sodium tetraphenylborate solution of 0.1mol/L
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into 50mL cetitizine hydrochloride solution of 0.1mol/L while
stirring. A white precipitate is produced that contains the chlorine
ions, the precipitated part is washed with deionized water until
without Cl ions removed and dry it under vacuum at 60°C to
obtain electroactive substance. To ensure that the Chlorine ion
has been removed, a testing with AgNo, was performed.

Preparation of PVC Membrane

9.2mg of electroactive substance, 248.2mg plasticizer and 1.32¢
PVC adhesive of 8% were added into a small beaker successively.
The solution was stirred quickly and poured on a clean small sheet
glass (try to remove bubbles) and let it air dry. Doing this we were
able to obtain PVC membrane.

Sensor Assembly and Electric Potential Determination

The PVC membrane obtained was cut and stuck on a2 1 cm
diameter PVC pipe with PVC adhesive of 5%, 0.1moleL"
potassium chloride solution. The adhesive was then left to air
dry and an Ag/AgCl electrode was inserted to form a PVC
membrane drug sensor. Soak the sensor in 1.0X10moleL?
cetirizine hydrochloride standard solution for 30min before use,
and determine the electric potential of the sensor according to the
following formula: Ag/AgCl |0.1molsL"' KCl | PVC membrane
| test solutionlKC1 (saturated), Hg C1,, Hg.

Experimental Results and Discussion
Potential Response Curve of the Sensor

Dilute with phosphate buffer solution of pH 5.0, prepare 50mL
cetitizine hydrochloride standard solutions of 10'mol/L~10
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¥mol/L respectively, use the self-made cetitizine hydrochloride
drug sensor as indicator electrode and saturated calomel electrode
as reference electrode to measure the electrode potential of each
solution and draw the potential response curve of the sensor.

From Figure 1, it can be seen that the sensor has a good
selectivity for cetirizine hydrochloride. The linear response
range of the sensor is 1.58x10°~1.0X10"mol/L, the slope is
46mV/pC (20°C), the detection limit is 6.31X10"mol/L and the
response time is t,,, < 10s. Using the sensor to measure cetirizine
hydrochlotide solutions of 1.0X10?mol/I. and 1.0X10*mol/L
20 times alternately (20°C), the relative standard deviation of
potential readings is less than 5%. After 2 months of continuous
use, the potential response performance has not declined.
Influence of pH Value on the
Performance of the Sensor

Potential Response

According to the potential response curve test method of the
sensor, the influence of hydrochloric acid-sodium hydroxide,
acetic acid-sodium acetate, acetic acid-ammonium acetate and
sodium dihydrogen phosphate-sodium hydroxide buffer solutions
on the performance of the cetirizine hydrochloride drug sensor
was tested respectively.

The results showed (Figure 2) that, when sodium dihydrogen
phosphate and sodium hydroxide solution is used to adjust the
acidity and the pH value of the solution is between 4~06, the
sensor has optimal performance and the potential reading is stable.
Therefore, sodium dihydrogen phosphate-sodium hydroxide
buffer solution of pH 5.0 was used to control the acidity in the
experiment.

Figure 1. Potential Response Curve of the Drug Sensor.
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Figure 2. pH effect on potential response of the drug sensor.
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Composition Optimization of Sensor Membrane

In sodium dihydrogen phosphate-sodium hydroxide buffer
solution, the influence of different types and different amounts
of plasticizer (o-nitrophenyl octyl ether, dimethyl phthalate,
dioctyl succinate and dioctyl phthalate, etc.), different amounts
of electroactive substance and different amounts of PVC on the
potential response performance of the sensor were tested. The
results showed that, when dioctyl phthalate is used as plasticizer
and electroactive substance: PVC: dioctyl phthalate = 2.5: 29.1:
684 (w/w), the potential response performance measured is
optimal and the potential reading is most stable.

Selectivity of the Sensor

The selectivity coefficient of the sensor was measured under
interference from some common ions and some organic matters
by using the different solution and iso-activity method. Among
them, CI, Na*, K¥, Zn®" and glucose do not interfere with the
measurement. Table 1 shows the selectivity coefficient for other
interfering substances.

Response Mechanism of the Sensor

The response mechanism of drug sensors is seldom studied.
Someone once used AC impedance to study the response
mechanism of drug sensors [15], stating that electroactive
substances (contained ions) in the membrane are mainly ionic
substance and deeming that the response mechanism of drug
sensors might have something to do with the migration and
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diffusion of solution contained ions (drug ions) and membrane
contained ions. In order to further confirm this conclusion, the
ultraviolet absorption spectra of KCl solution in a pipe were tested
before and after the sensor was soaked in cetirizine hydrochloride
solution of 10 mol/L.

The results showed (Figure 3) that, before the sensor is soaked,
the KCI solution basically has no ultraviolet absorption. After
the sensor was soaked in cetirizine hydrochloride solution of
10” mol/L for 2h, it was taken out to immediately measure the
ultraviolet absorption spectrum of the KCI solution, and the
spectrum was compatred with the ultraviolet absorption peak of
cetirizine hydrochloride solution. The two spectra are basically the
same, with obvious absorption peak at 231nm. It indicates that
cetirizine hydrochloride drug ions in the test solution migrate and
diffuse with membrane contained ions through the membrane
channels and enter the KCI solution and thus the response
mechanism of the drug sensor mainly depends on the migration
and diffusion of drug ions.

Application of the Sensor

Accurately weigh 10 cetirizine hydrochloride tablets (manufactured
by Lunan Beite Pharmaceutical Co., Ltd.) and grind them, weigh
about 0.1g and put it in a small beaker, dissolve with deionized
water and filter, adjust the pH value to 5.0 with sodium dihydrogen
phosphate-sodium hydroxide solution, set the volume to a 50mL
volumetric flask, and measure the content with the cetitizine
hydrochloride drug sensor by using the standard curve method
(Table 2).

Table 1. Selectivity coefficients for epinastine hydrochloride selective electrode.

Interfering ions | Selectivity coefficient K Interfering ions Selectivity coefficient K 7

NH,* 3.45%107 I 2.14x10°
Ca** 2.52x107 SCN- 4.29%x103
Ba®* 2.25%107 5,0, 2.32x107
Pb?** 4.17x107 SO” 1.64x1073
Cu* 2.18x10° COJ 2.50x10°
Mg* 1.86x107 Citrate 2.34%107
AP* 2.51x10° tartrate anion 2.11x107
Fe¥* 2.44x107 Cellulose hydroxypropyl 1.78x10°
Ac 1.42x107 Ascorbic acid 2.85%1073

Br 1.72x107 Dissolved starch 1.94x10°

Figure 3. UV spectra of KCl solution (0.1M) before and after the sensor was soaked.
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Table 2. Determination results of samples for 10 mg sample.

Weights tested by sensor Percentage of RSD
method (mg) label claim (%, n =5)

9.98 99.80% 2.49

10.02 100.20% 1.45

9.72 97.20% 2.10

Conclusion

The cetirizine hydrochloride drug sensor developed in this paper

is characterized by fast response, high sensitivity, good selectivity,

simple operation and economical efficiency of instruments

required, etc. Using the sensor for content determination of
cetirizine hydrochloride in tablets, the relative standard deviation
is less than 3% and the results are consistent with the labeled
content in preparations.
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