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Selective polyionic electrodes were investigated; using precipitation based technique forming ion-pair 

complexes between the polycation Polymyxin B (Poly B) and tetrakis (4-chlorophenyl) borate 

(TpClPB) (sensor 1) and phosphotungstic acid (sensor 2) and ionophore based technique with 2-

hydroxy propyl beta cyclodextrin (HP β-CD) (sensors 3 and 4) for determination of Poly B and 

Cromolyn sodium (CS), respectively. Also an aqueous dispersion of iron oxide magnetic nanoparticles 

(NPs) was applied with (HP β-CD) for CS determination (sensor 5). Linear responses within 

concentration ranges of 10
−6

 to 10
−2

, 10
−6

 to 10
−3

, 10
−7 

to 10
−4

 and 10
−6

 to 10
−3 

mol L
−1

 were achieved, 

using sensors 1, 2, 3 and 4, respectively. On the other hand the sensitivity was increased up to 10
−8 

mol 

L
−1

 on using sensor 5. Near nernstian slopes of 12.68, 53.55, 58.93 and 55.11 mV/decade were 

observed for sensors 1, 2, 3 and 4, respectively, and an ideal nernstian slope of 59.60 mV/decade was 

obtained for sensor 5. The developed sensors 1, 2, 3 and 4 showed a reasonable selectivity, whereas the 

selectivity of sensor 5 was the greatest one. The proposed sensors showed successful application for 

determination of the investigated drugs in pharmaceutical formulations and biological fluids without 

pretreatment. 
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1. INTRODUCTION 

Polyionic drugs are hydrophilic substances that their solubility depends on ionic strength and 

pH. Their charge density plays a fundamental role in their conformation and viscosity and also has a 

great impact on their activities [1-2].  

The studied polyionic drugs are Poly B and CS as examples of a polycation with amino groups 

and a polyanion with carboxylic groups, respectively. 

http://www.electrochemsci.org/
mailto:drnancymagdy@hotmail.com
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Poly B is an antibiotic that is active against gram negative bacteria. It is derived from the 

bacterium Bacillus polymyxa. Polymyxins acts by binding to the cell membrane and changing its 

structure. It consists of one fatty acid residue attached through an amide bond to a linear tripeptide 

linked to a heptapeptide ring [3] (Fig.1 a). 

 
 

 
 

Figure  1. Chemical structure of (a) Polymyxin B and (b) Cromolyn sodium  

 

Several methods have been recorded for the analysis of Poly B as thin-layer chromatography 

[4-5], high-performance liquid chromatography with UV [6-7], fluorescence [8], mass spectrometric 

detection [9-10], gas chromatography [11], spectrophotometry [12-13], capillary electrophoresis [14-

15] and microbiological assays [16]. 

CS prevents the release of inflammatory chemicals such as histamine from mast cells. CS 

blocks early and late asthmatic responses induced by allergen inhalation and exercise. It also blocks 

the increase in bronchial hyperreactivity induced by chronic allergen exposure [17-18]. It is a 

chromone derivative containing two carboxylic groups (Fig.1 b). 

Several methods have been reported for the determination of CS in pharmaceutical 

formulations and biological fluids. These methods include: spectroscopy [19-20], radioimmunoassay 

[21], thin layer chromatography [22], high-performance liquid chromatography using UV [23-24], 

fluorescence [25] and tandem mass detectors [26-27], and capillary electrophoresis [28]. Polarographic 

and voltammetric procedures have also been described [29-30]. 

Ion-selective electrodes (ISEs) are widely used in pharmaceutical analysis [31]. ISEs are based 

on either precipitation or ionophore based technique. Their response changes rapidly with the change 

in concentration. Furthermore, they have simple design, low cost, adequate accuracy, high selectivity 

and low detection limit. They can be used for determination of analytes in colored, turbid and viscous 

samples and they prove a great advantage over other techniques [32]. 

a 

b 
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The literature review revealed that no ISEs were constructed for Poly B and CS determination. 

Therefore novel potentiometric detection strategies have been developed.    

The present work defines the use of precipitation-based technique of Poly B with tetrakis (4-

chlorophenyl) borate (TpClPB) and phosphotunstic acid, forming ion association complexes. 

Moreover, the use of ionophore-based technique by means of    HP β-CD and the use of ionophore-

based technique with iron oxide nanoparticles (NPs) for the development of selective and sensitive 

sensors for determination of Poly B and CS in bulk powder and different pharmaceutical formulations 

as well as in biological fluids (plasma and urine). 

TpClPB and phosphotungstic acid were reported as well-known ion exchangers used in the 

development of many sensors. It has been found that Poly B react with them to form water insoluble 

ion association complexes. The high lipophilicity and stability of these complexes recommended their 

use as electroactive materials in polyvinyl chloride (PVC) matrix membrane sensors for determination 

of Poly B selectively, in the presence of other interferents [33-34]. 

Cyclodextrins (CDs) are sensor ionophores in potentiometric ISEs famous to accommodate an 

extensive variety of inorganic, organic and biologic guest molecules, forming stable host–guest 

inclusion complexes hydrophobic cavity, while demonstrating high molecular selectivity and 

enantioselectivity [35]. 

Iron oxide NPs are particles with diameters between about 1 and 100 nanometers can be 

exploited in a variety of applications based on their interesting magnetic properties. They can be used 

in catalysis, biomolecular magnetic resonance imaging (MRI) for medical diagnosis and therapeutics 

[36-37] and potentiometric detection of pharmaceutical substances [38-39] 

 

 

 

2. EXPERIMENTAL 

2.1. Apparatus 

A Jenway pH meter 3310 pH /mV /
◦
C meter with Orion, reference electrode (Ag/AgCl, double 

junction) model 63178 USA 314-771-5750, A Jenco digital ion analyzer model 6209 and JEOL JEM-

2100 Transmission Electron Microscope (München, Germany) were used. Jenway pH glass electrode 

(UK) and Bandelin Sonorox, Rx 510 S, magnetic stirrer (Budapest, Hungary) were used for pH 

adjustment. 

 

2.2. Chemicals and Reagents 

Poly B was kindly supplied by Egyptian International Pharmaceutical Industries Co., 

(EIPICO),Cairo, Egypt) and certified to contain 99.77%. Isoptomaxitrol
® 

eye drop (Batch number: 

13c11j), labeled to contain 6000 units of Poly B, 3.5 mg of neomycin sulphate and 1 mg of 

dexamethasone per 1 mL, was manufactured by Alcon. Terramycin
®
 eye ointment (Batch number: 

7284),  labeled to contain 10000 units of Poly B and 5 mg of oxytetracycline HCl per 1 gm, was 

manufactured by Pfizer Hellas. 

http://en.wikipedia.org/wiki/Nanometers
http://en.wikipedia.org/wiki/Catalysis
http://en.wikipedia.org/wiki/Magnetic_resonance_imaging
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CS was kindly supplied by Sigma Pharmaceutical Industries (Egypt, SAE) and certified to 

contain 99.61%. Nazocrom
®
 nasal spray (Batch number: 23888), labeled to contain 20 mg of CS and 

0.25 mg of Oxymetazoline HCl per 1 mL, was manufactured by Sigma Pharmaceutical Industries 

(Egypt, SAE). Epicrom
®

 eye drop (Batch number: 1203205), labeled to contain 40 mg of CS per 1 mL, 

was manufactured by (EIPICO), Cairo, Egypt. 

Oxymetazoline HCl was kindly provided by Sigma Pharmaceutical Industries (Egypt, SAE). 

Dexamethasone was obtained from (EIPICO), Cairo, Egypt. Oxyteracycline HCl and salbutamol 

sulphate were obtained from The Arab Drug Company, ADCO. 

All chemicals and reagents used were of analytical reagent grade. PVC, HP β-CD and 

phosphotungstic acid were obtained from Fluka Chemie Gmbh (Steinheim, Germany), (TpClPB) and 

dioctyl phthalate (DOP) were purchased from Aldrich (Steinheim, Germany). Tetrahydrofuran (THF) 

was obtained from Merck (Dermstadt, Germany). Iron oxide NPs (5nm) were purchased from 

Nanotech Egypt for photo electronics Co. (Dreamland, 6
th

 October City, Egypt). Potassium chloride, 

ammonium chloride, sodium chloride, sodium lauryl sulphate (SLS), sodium hydroxide and 

hydrochloric acid were obtained from Prolabo (Pennsylvania, USA). Plasma and urine were supplied 

by VACSERA (Giza, Egypt) and used within 24 h. 

 

2.3. Procedure 

2.3.1. Fabrication of membrane sensors 

2.3.1.1. Precipitation-based technique for preparation of PVC-membrane sensors (sensors 1 and 2) 

5 mL of saturated aqueous solution of the ion exchanger was mixed with 5 mL of 10
−2 

M 

aqueous Poly B solution. Both solutions were shaken together for 5 minutes then the formed 

precipitate was filtered and washed with cold water. The resultant precipitate was left to dry at room 

temperature and finally grounded to fine powder. Elemental analysis of the complexes confirmed the 

formation of drug: ion exchanger in a ratio of 1:5 with TpClPB and a ratio of 1:1 with phosphotungstic 

acid. 

The PVC- membrane was prepared in a glass Petri dish (5 cm diameter) by mixing 10 mg of 

Poly B-ion exchanger complex with 0.19 g of PVC and 0.35 mL of DOP. 6 mL of THF was added. 

The Petri dish was covered with a filter paper and allowed to stand overnight to permit evaporation of 

the solvent at room temperature, where a master membrane of 0.1 mm in thickness was obtained. 

From the master membrane, a disk of 8mm diameter was cut. The disk was pasted using THF 

to an interchangeable PVC tip which was clipped into the end of the electrode glass body. Equal 

volumes of 10
−2 

M Poly B and 10
−2 

M KCl were mixed to be used as an internal reference solution. 

Ag/AgCl wire (1mm diameter) in the internal reference solution as an internal reference electrode was 

immersed. 
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2.3.1.2. β-CD-based technique for the preparation of PVC-membrane sensors  

2.3.1.2.1. β-CD-based technique (sensors 3 and 4) 

For Poly B, sensor 3 was formed by mixing 0.04 g of HP β-CD with 0.35 mL DOP and 0.19 g 

PVC in a 5-cm Petri dish. The mixture was dissolved in 6 mL THF and the procedure mentioned under 

Section 2.3.1.1 starting from “The Petri dish was covered with a filter paper and allowed to stand 

overnight ......” was adopted. 

For CS, sensor 4 was formed by mixing 0.04 g of HP β-CD with 0.35 mL DOP and 0.19 g PVC 

in a 5-cm Petri dish and then the mixture was dissolved in 6 mL THF. The Petri dish was covered with 

filter paper and left to stand overnight at room temperature to allow evaporation of the solvent, where a 

master membrane of 0.1 mm thickness was obtained. 

The coated graphite electrode was constructed using a graphite bar which was 2.5 cm in length 

and 3mm in diameter. One end of the bar was used for connection while the other was dipped in the 

electro active membrane mixture for about 1 cm in length. The process was repeated several times, 

until the end of the graphite bar was covered with a layer of proper thickness. The electrode was 

allowed to stand at room temperature overnight till complete drying. The uncoated end of the graphite 

rod was sealed in a poly tetra ethylene tube. The tube was filled with metallic mercury. A copper wire 

of about 1 mm in diameter was dipped in the metallic mercury. The electrode was conditioned by 

soaking in 10
−2

 M aqueous CS solution for 24 h, and was stored in the same solution, when not in 

used. 

 

2.3.1.2.2. β-CD-based technique and iron oxide NPs (sensors 5) 

For CS, sensor 5 was fabricated by the same procedure mentioned under Section 2.3.1.2.1. 

except that the poly tetra ethylene tube was filled with metallic mercury and 0.5 mL of iron oxide NPs 

into which a copper wire (about 1 mm in diameter) was dipped. 

 

2.3.2. Sensors calibration 

For sensors calibration, 50 mL aliquots of solutions (10
−8 

to 10
−2 

M) of Poly B and (10
−9 

to 10
−2 

M) of CS were transferred seperately into a series of 100 mL beakers. The membrane sensors, in 

conjunction with Aldrich reference electrode, were immersed in the above test solutions and allowed to 

equilibrate while stirring. The potential was recorded after stabilizing to ± 1 mV and the electromotive 

force was plotted as a function of the negative logarithm of Poly B or CS concentration. The sensors 

were washed in distilled water between the measurements. 

 

2.3.3. Effect of pH 

The effect of pH on the response of the investigated electrodes was studied, using 10
−4

 and 10
−5

 

M solutions of Poly B (pKa = 8.9) and CS (pKa = 1.8) over pH ranging from 2 to 10 (while adjusting 

pH using 0.1 N NaOH and 0.1 N HCl). 
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2.3.4. Sensors selectivity 

The potentiometric selectivity coefficients (K
pot

A.B) of sensors 2, 3, 4, and 5 towards different 

substances were determined by the separate solution method (SSM), using the following equation [40]: 

−log K
pot

A.B = E1 − E2 / (2.303 RT / ZAF) + (1− ZA / ZB) log αA                     (1)  

where; K
pot

A.B is the potentiometric selectivity coefficient, E1 is the potential measured in 10
−4 

M CS or Poly B solution, E2 is the potential measured in 10
−4

 M interferent solution, ZA and ZB are the 

charges of CS or Poly B and interfering ion; respectively, αA is the activity of the drug and 2.303RT / 

ZAF represents the slope of the investigated sensors (mV/concentration decade). 

While for sensor 1, the potentiometric selectivity coefficients K
pot

A.B were determined by the 

matched potential method (MPM) [41]. According to the 1995 IUPAC [42], a solution of the primary 

ion A with a fixed activity is used as a reference solution while the primary ion A is added step by step 

then the potential change is measured. To an identical reference solution, the interfering ion B would 

then be added until the same potential change is obtained. At this potential (Fig.2), the ratio between 

the activities or concentrations of the primary ion A to the interfering ion B denotes the K
pot

A.B. 

K
pot

A.B = ΔαA / αB              where ΔαA = αA’ - αA                           (2) 

 

 
 

Figure 2. Determination of selectivity coefficients by the matched potential method, ion A is the 

primary ion, ion B is the interfering ion and αA is the initial background activity of ion A. 

 

2.3.5. Assay of Poly B in pharmaceutical formulations 

Poly B in Terramycin
®
 ointment could be extracted as follows: The ointment was dissolved in 

20 mL chloroform in a 50 mL beaker then 10 mL water was added. It was stirred at 1500 rpm using a 

magnetic stirrer for 5 minutes, where water was dispersed in the chloroform. The mixture was then left 

for one minute to separate into two layers. The upper aqueous layer was withdrawn using a 

conventional 5 mL syringe and the procedure was repeated for 3 times to prepare 1.30 x 10
-4 

M stock 

solution. 

From several Isoptomaxitrol
® 

drops, 17.1 mL were accurately transferred into 100 mL 

volumetric flask and filled to the mark with water to prepare 1.0 x 10
-4 

M stock solution, then the 

solution was filtered through 0.45 μm millipore syringe membrane filter. 
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From the stock solutions, serial dilutions were made to obtain solutions of concentrations 1.0 x 

10
-5

 and 1.0 x 10
-6 

M. The potentiometric measurements of the prepared samples were performed, 

using the proposed sensors in conjunction with Aldrich reference electrode, and the potential readings 

were compared to the calibration plots. 

 

2.3.6. Assay of Poly B in urine and plasma [43] 

One milliliter of each of 1.0 x10
−4

 and 1.0 x10
−5 

M standard Poly B solution were added 

separately into two 20 mL stoppered shaking tubes each containing 9 mL of urine. They were similarly 

added into another two 20 mL stoppered shaking tubes each containing 9 mL of plasma. Then the 

tubes were shaken for 1 min. The membrane sensors 1, 2 and 3 were immersed in conjunction with the 

reference electrode in the solutions (containing urine and plasma) and then washed with water between 

the measurements. The potential produced for each solution was measured by the proposed sensors and 

the concentration of Poly B was then obtained from the corresponding regression equation. 

 

2.3.7. Assay of CS in pharmaceutical formulations 

5 and 10 mL were accurately transferred from Epicrom
®
 eye drop and Nazocrom

® 
nasal spray, 

respectively, into two 100 mL volumetric flasks and filled to the mark with water to prepare 3.9 x 10
-3 

M stock solution of each. Then a serial dilution was made from the prepared stocks to obtain 3.9 x 10
-4 

to 3.9 x 10
-6 

M. The potentiometric measurements of the prepared samples were performed using the 

proposed sensors in conjunction with Aldrich reference electrode, and the potential readings were 

compared to the calibration plots. 

 

2.3.8. Assay of CS in urine and plasma [44] 

One milliliter of each of 1.0 x 10
−4 

and 1.0 x 10
−5

 M standard CS solution were added 

separately into two 20 mL stoppered shaking tubes, each containing 9 mL of urine. Similarly one 

milliliter of each of 1.0 x 10
−6

 and 1.0 x 10
−7 

M standard drug solution were added separately into 

another two 20 mL stoppered shaking tubes, each containing 9 mL of plasma. Then the tubes were 

shaken for 1 min. The membrane sensors 4 and 5 were immersed in conjunction with the reference 

electrode in the solutions (containing urine), while sensor 5 only was immersed in conjunction with the 

reference electrode in the solutions (containing plasma) and then washed with water between the 

measurements. The produced potential for each solution was measured by the proposed sensors, and 

the concentration of CS was then obtained from the corresponding regression equation. 

 

3. RESULTS AND DISCUSSION 

The possibility of obtaining analytical signals without sample pretreatment or derivatization is 

the most environmentally friendly method of analysis. In our electro-analytical procedure, different 

sensors were fabricated with different techniques. 
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3.1. Sensors Fabrication 

In the precipitation based technique, the polycation Poly B reacts with the anionic type of ion 

exchangers TpClPB and phosphotungstic acid, which are good anionic exchangers, due to their low 

solubility product and suitable grain size to produce a hydrophobic ion association complexes in a ratio 

1:5 of Poly B to TpClPB and 1:1 of Poly B to phosphotungstic acid as demonstrated by elemental 

analysis. 

The fact that; Poly B is a pentavalent polycation, having hydrophobic fatty acid moiety and a 

polar moiety of five unmasked amino groups which are ionized under physiological pH conditions 

forming a positively charged (theoretically fivefold positive charged) polypeptide [45] leads to a 

change the EMF of about 12 mV, according to the near nernst equation for the Poly B:TpClPB 

complex. However for the Poly B: phosphotungstic acid complex, that’s not the case due to the 

presence of steric hindrance between the Poly B and the phosphotungstic acid, owing to the high 

molecular weight of both and that was proved by the elemental analysis. 

 

. 

 

 

Figure 3. Chemical structure of the 2-hydroxy propyl β-cyclodextrin molecule 

 

In the ionophore based technique, the molecular recognition and inclusion complexation are 

very important for host–guest interactions [46]. Cyclodextrins (Fig.3) are optically active 

oligosaccharides that form inclusion compounds with organic molecules. CDs based sensors showed 

accurate results in both response and selectivity [47].  

The complexation reaction between Poly B and CDs was quantitatively evaluated from surface 

tension measurements at various drug concentrations, where Poly B:β-CD inclusion complex 
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formation was 1:1 stoichiometry [48]. CDs selectively include the fatty acyl portion of Poly B into 

their hydrophobic cavity [49]. 

For CS, the chromone moiety is incorporated into the hydrophobic cavity of the CDs. The 

complexation reaction between CS and CDs was quantitatively studied by laser flash photolysis where 

CS:β-CD inclusion complex formation was 1:1 stoichiometry [50]. 

Moreover; the use of iron oxide NPs was reported to play a crucial role in the electronic 

conductivity [51, 52]. Remarkably, when materials become “nano”, their physical properties as the 

mechanical, electric and electronic properties will be improved [53]. The electrical conductivity may 

drastically change yielding enhanced and/or controlled ionic conduction with good durability, stability 

and surface quality, very low distortion tendency, and high thermal resistance [54-55]. The iron oxide 

NPs were used in the fabrication of sensor 5 that showed the best response with the maximum 

sensitivity, selectivity, accuracy and precision. Although sensor 5 didn’t give the fastest response, but 

its stability and durability were the greatest. 

 

3.2. Sensors calibration and response time 

 

Table 1. Electrochemical response characteristics of the investigated sensors. 

 

Parameter Sensor 1 Sensor 2 Sensor 3 Sensor 4 

 

Sensor 5 

 

Slope (mV/decade)
a
 12.68 53.55 58.93 55.11 59.60 

Intercept (mV) 206.43 444.60 546.13 507.51 590.13 

LOD (M)
b
 8.93×10

-7
 9.21×10

-7
 9.43×10

-8
 9.36×10

-7
 9.91 ×10

-9
 

Response time (sec.) 5 45 30 30 45 

Working pH range 2-7 2-7 2-7 4-9 4-9 

Concentration range 

(M) 

  1×10
-6 

to 

1×10
-2

 

  1×10
-6 

to 

1×10
-3

 

 1×10
-7

to 

1×10
-4

 

 1×10
-6  

to 

1×10
-3

 

  1×10
-8  

to 

1×10
-3

 

Stability (days) 60 60 60 30 30 

Average recovery 

(%) ± SD
a
 

  99.90 ± 

1.55 

 100.26 ± 

1.15 

 100.20 ± 

0.61 

 99.94 ± 

0.59 

 100.20 ± 

0.61 

Repeatability (SDr) 1.41 0.81 0.63 0.67 0.42 

Intermediate 

Precision (SDint) 
2.65 1.32 0.93 1.18 0.74 

Correlation 

coefficient 
0.9996 0.9995 0.9996 0.9997 0.9999 

a
 Average of three determinations 

b
 Limit of detection 

Electrochemical performance characteristics of the proposed sensors were systemically 

evaluated according to IUPAC standards [40]. The response characteristics are summarized in Table 1. 
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 The sensors displayed constant potential readings within ± 1 mV from day to day 

measurements, and the calibration slopes did not change by more than ± 1 mV/decade concentration 

over a period of 2 months for sensors 1, 2 and 3 and 1 month for sensors 4 and 5. The slopes of the 

calibration plots (Fig. 4 and 5) are 12.68, 53.55, 58.93, 55.11 and 59.60 mV/concentration decade for 

the investigated sensors, respectively. 

The investigated electrodes exhibit fast response time. The required time for the electrodes to 

reach values ± 1 mV of the final equilibrium potential after increasing Poly B and CS concentration 

10-folds to be 5, 45, 30, 30 and 45 s for sensors 1, 2, 3, 4 and 5, respectively. The proposed sensors 

also exhibit fair stability.  

The detection limits of the sensors were determined according to the IUPAC definition. Table 1 

shows that sensor 3 is more sensitive than sensors 1 and 2 and can detect Poly B in dilute solutions 

down to 9.43 × 10
-8

 M. For CS sensor 5 is the most sensitive electrode and can detect dilute solutions 

down to 9.91 × 10
-9

 M. 

 

 
 

Figure 4. Profile of the potential in mV versus - log concentration of Poly B in (M) obtained by using 

the sensors 1, 2 & 3. 

 

 
 

Figure 5. Profile of the potential in mV versus - log concentration of CS in (M) obtained by using the 

sensors 4 & 5. 
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The proposed sensors were compared with a reported method [13] for Poly B and the official 

one [56] for CS, no significant difference was observed, as shown in Table 2. 

 

 

Table 2. Statistical comparison for the results obtained by the proposed electrodes and the reported 

and the official methods for the analysis of Poly B and CS in pure powder form. 

 

a
Average of three determinations 

b
Multivariate  partial least square (PLS-1) chemometric approach  using direct spectra signal for 

Polymyxin B determination. 
c
 Direct spectrophotometric determination of Cromolyn sodium using pH 7.4 sodium phosphate buffer 

at the wavelength of maximum absorbance (326 nm).
 

d
The values in parentheses are the corresponding theoretical values for t and F at P=0.05 

 

3.3. Effect of pH and temperature 

For quantitative measurements with ISEs, studies were carried out to reach the optimum 

experimental conditions. The sensors constructed for Poly B potentials are fairly constant over the pH 

range of 2.0–7.0, therefore, this range was assumed to be the working pH range for the electrode 

assembly. Below pH 2.0 variable electrode response was observed, this may be explained by the 

increase of dissociation of the formed ion association complex and/or the membrane may extract H
+
, 

leading to noisy responses. Also above pH 7.0, the potential showed a sharp decrease due to the 

formation of non-protonated primary amino groups. The sensors constructed for CS potentials are 

fairly constant over the pH range of 4.0–9.0, therefore, this range was assumed to be the working pH 

range for the electrode assembly. Outside this range a noisy response occurred may be due to the 

precipitation of the active ion. 

Although the suggested sensors exhibit a slight increase in their potentials as the temperature 

increases in the range 25 – 45ºC, the limit of detection and response time do not significantly change 

due to the change in temperature, indicating reasonable thermal stability of the PVC membrane up to 

45ºC. 

 

 

Item Sensor 1 Sensor 2 Sensor 3 
Reported 

method
b
 

Sensor 4 Sensor 5 

 

Official 

method
c 

 

Mean
a
 99.90 100.26 100.19 100.56 99.94 100.60 100.34 

SD
a
 1.55 1.15 0.61 1.20 0.59 0.75 0.67 

n 5 4 4 5 4 6 6 

Student' s 

t-test
d
 

0.75(2.31) 0.39(2.36) 0.55(2.36) - 0.96(2.31) 0.64(2.23) - 

F value
d
 1.67(6.39) 1.09(9.12) 3.84(9.12) - 1.28(9.01) 1.24(5.05) - 
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3.4. Sensors selectivity 

Table 3. Potentiometric selectivity coefficients (K
pot

Poly B,interferent) of the sensors 1, 2 and 3 in the 

presence of other interferents. 

 

Interferent
b
 

 

Selectivity coefficient
a
 

 

  Sensor 1 Sensor 2 

 

Sensor 3 

 

Oxytetracycline HCl 2.99 x 10
-2

 7.62 x 10
-3

 5.82 x 10
-4

 

Dexamethasone 1.85 x 10
-2

 7.05 x 10
-3

 1.12 x 10
-5

 

KCl  9.79 x 10
-4

   2.38 x 10
-4

  3.88 x 10
-4

 

NaCl 1.61 x 10
-3

 3.55 x 10
-4

 4.36 x 10
-5

 

NH4Cl 3.22 x 10
-2

 1.23 x 10
-4

 3.20 x 10
-4

 

SLS 6.27 x 10
-3

 5.99 x 10
-4

 6.97 x 10
-5

 
 

a
Each value is the average of three determinations 

b
All interferents are in the form of 1x10

-4
 M solution 

 

Table 4. Potentiometric selectivity coefficients (K
pot

CS,interferent) of the sensors 4 and 5 in the presence 

of other interferents. 
 

Interferent
b
 

 

Selectivity coefficient
a 

 

Sensor 4 

 

Sensor 5 

 

Oxymetazoline HCl 4.58 x 10
-4

 8.99 x 10
-5

 

Dexamethasone 3.56 x 10
-4

 9.31 x 10
-5 

Salbutamol sulfate 1.75 x 10
-3

 1.55 x 10
-5

 

KCl 1.35 x 10
-3

 1.18 x 10
-4

 

NaCl 1.06 x 10
-4

 1.72 x 10
-4

 

NH4Cl 3.15 x 10
-4

 7.98 x 10
-5

 

SLS 3.56 x 10
-4

 8.97 x 10
-4

 
 

a
Each value is the average of three determinations

 

b
All interferents are in the form of 1x10

-4
 M solution 

 

SSM was used for the determination of potentiometric selectivity coefficients K
pot

A.B for 

sensors 2, 3, 4 and 5 while for sensor 1 MPM was used. SSM revealed good results in case of sensors 

2, 3, 4 and 5 while in case of sensor 1 the results obtained didn’t coincide with the real selectivity of 

sensor 1, they were unrealistically high or small. In sensor 1, it was proven that the association 

complex of Poly B:TpClPB was in a ratio 1:5 so Poly B has a different charge in comparison with its 
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interfering substances. The IUPAC recommended MPM when ions of unequal charges are involved as 

SSM gives inaccurate results [41-42]. Therefore, only in case of sensor 1 the MPM was used to 

accurately describe the sensor selectivity. 

Tables 3 and 4 show the potentiometric selectivity coefficients of the proposed sensors in the 

presence of some interfering substances and some inorganic cations (K
+
, Na

+
 and NH4

+
) which are 

usually found in biological fluids. The results reveal that; the proposed membrane sensors exhibit 

reasonable selectivity except for sensor 5, which shows the greatest selectivity and the lowest response 

for the possibly interfering species. So sensor 5 is considered to be the one of choice to detect the drug 

in presence of any other interferents. 

 

3.5. Potentiometric determination of Poly B and CS in pharmaceutical formulations 

Table 5. Determination of Poly B in pharmaceutical formulations by the sensors 1, 2    and 3. 

 

 

Pharmaceutical  

dosage forms 

 

Recovery(%) ± S.D
a
 

 

 

Sensor 1 Sensor 2 Sensor 3 

 

Terramycin
® 

labeled to 

contain 10000 units
b
 of Poly 

B 

 

 

106.41 ± 1.18 

 

 

104.36 ± 0.44 

 

 

102.82 ± 0.44 

 

 

Isoptomaxitrol
® 

labeled to 

contain 6000 units
b
of Poly B 

 

 

104.33 ± 0.58 

 

 

103.33 ± 1.53 

 

 

101.67 ± 0.58 

 

a
Average of three determinations. 

b
1 unit of Poly B is equivalent to 0.000127 mg [57].

 

 

Table 6. Determination of CS in pharmaceutical formulations by the sensors 4 and 5. 

 

 

Pharmaceutical  

dosage forms  

 

Recovery(%) ± S.D.
a
 

 

 

Sensor 4 Sensor 5 

   

 

Nazocrom
®
 labeled to contain 

20 mg of CS per 1 mL  

 

 

103.59 ± 0.26 

 

 

102.31 ± 0.26 

 

 

Epicrom
® 

labeled to contain 

40 mg of CS  per 1 mL 

 

 

102.56 ± 0.26 

 

 

101.62 ± 0.39 

 

a
Average of three determinations 
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The proposed sensors were applied for the analysis of Poly B and CS in pharmaceutical 

formulations in aqueous solution. The results indicate that sensors 1, 2 and 3 can be applied for 

determination of pharmaceutical formulations containing Poly B in combination and sensors 4, 5 for 

the determination of pharmaceutical formulations containing CS alone or in combination as shown in 

Tables 5 and 6. 

 

3.6. Potentiometric determination of Poly B and CS in plasma and urine 

The results obtained for the determination of these drugs in spiked human plasma show that a 

wide concentration range can be determined by sensors (1, 2 and 3) for Poly B (with peak plasma 

concentrations ranged from 2.38 to 13.90 mg/L after an intravenous infusion [58]. While only sensor 5 

can be used for CS determination in plasma (peak plasma concentration of 13.40 ± 4.5 ng/ml after 

inhalation [59]) with high precision and accuracy due to its sensitivity and detection limit as shown in 

Table 7. 

 

Table 7. Determination of Poly B and CS in spiked human plasma by the proposed sensors. 

 

 

Added (M) 

Poly B 

 

Recovery(%) 

± S.D.
a
 

 

 

Added (M) 

CS 

 

Recovery(%) 

± S.D.
a
 

 

Sensor 1 Sensor 2 Sensor 3 Sensor 5 

1×10
-5

  

 

 

102.30 

± 0.20 

 

 

 

101.86 

± 0.17 

 

 

 

101.08 

± 0.15 

 

1×10
-7

  

 

 

101.86 

± 0.47 

 

1×10
-6

 

 

 

102.45 

± 0.37 

 

 

 

101.77 

± 0.28 

 

 

 

101.25 

± 0.54 

 

1×10
-8

  

 

 

102.05 

± 0.54 

 
a
Average of three determinations 

 

For the application in urine, it was found that all the sensors are reliable and give stable results 

with very good accuracy and high percentage recovery, which are presented in Table 8 as these drugs 

are rapidly eliminated unchanged in the urine [58-59] 

Since the response times of the proposed sensors are rapid (within 45 s), so the sensors can be 

rapidly transferred between the biological samples and the bi-distilled water between measurements 

before any sensing component adhere to the surface of matrix components. Thus, the suggested 

sensors can be applied for the determination of the studied drugs in vitro studies and for clinical use 

without any pretreatment or preliminary extraction techniques.  
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Table 8. Determination of Poly B and CS in spiked human urine by the proposed sensors. 

 

 

Added (M) 

Poly B 

 

Recovery(%) 

± S.D.
a
 

 

 

   Added (M) 

CS 

Recovery(%) 

± S.D.
a
 

Sensor 1 Sensor 2 Sensor 3 Sensor 4 Sensor 5 

1×10
-5

  

 

 

102.33 

± 0.36 

 

 

 

101.55 

± 0.27 

 

 

 

101.14 

± 0.47 

 

1×10
-5

  

 

102.17 

± 0.49 

 

 

101.63 

± 0.62 

 

1×10
-6

 

 

 

102.50 

± 0.23 

 

 

 

101.88 

± 0.14 

 

 

 

101.05 

± 0.44 

 

1×10
-6

 

 

102.88 

± 0.59 

 

 

101.70 

± 0.36 

 
a
Average of three determination 

 

 

4. CONCLUSION 

The proposed sensors are simple and selective for quantitative determination of Poly B and CS 

in pure form, pharmaceutical formulations, plasma and urine. The use of HP β-CD increased the 

membrane sensitivity and selectivity in comparison with precipitation based sensors for Poly B. While 

for CS, the use of iron oxide NPs was of a great value in terms of selectivity and sensitivity and gave a 

successful application in plasma. The described sensors offer advantages of fast response, good 

selectivity, accuracy, precision and elimination of drug pre-treatment steps and consumption of 

solvents. Consequently, they can be used for routine analysis of these drugs in quality-control 

laboratories. 
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