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Abstract

Three sensitive and selective electrodes were developed for the determination of asenapine mallet. One electrode containing PVC membrane,
ammomium renikate as an anion exchanger and dibutyl phthalate as a plasticizer (sensor I). Two carbon past ISE using phosphodiester acid
and ammomium renikate as an anion exchanger (sensors II and III) and dibutyl phthalate as a plasticizer. The proposed electrodes showed a
near-sensation response in the range from 1.00x10- to 1.00x10? mol/L for sensor [ and 5.00x10 to 1.00x10? mol/L for both sensor II and III.
The selectivity of the proposed electrodes to a number of interferences was investigated. Asenapine was successfully determined in pure form,
pharmaceutical formulation and in presence of its oxidative degradation product.
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Introduction e N

Asenapine maleate is a white to off-white non hygroscopic
powder, slightly soluble in water (5.80 mg/mL) [1], sparingly
soluble in 0.1 M HCI, soluble in methanol. The pH of a saturated
asenapine solution in water is 4.2 at 23.5 °C, its pKa is 8.6. AS H
is atypical antipsychotic drug developed for the treatment of N
schizophrenia and acute mania associated with bipolar disorder

[2]. It shows high affinity for numerous receptors like serotonin, )
Asenapine Maleate

Mwt:C,,H,.CINO.C ,H,0,=401.84

adrenergic, dopamine, histamine [3]. Many methods have been
mentioned in the literature for the determination of AS in pure
form, in pharmaceutical formulation, as well as in biological Figure 1: Chemical Structure of Asenapine Maleate.
fluids as, Titrimetric method [4], Spectrophotometric methods \ J
[5-8]. Gas chromatography [9], Liquid chromatography [10,11]
and Thin layer chromatography [12]. Different HPLC methods
using different mobile phases and detectors [13-24]. There were
5 stability indicating HPLC methods [25-29]. No electrochemical i.

method was introduced for determination of asenapine. lon-

Experimental
Apparatus

Jenway 3510 PH meter (Braloworld Scientific Ltd,
Dunmous, Essex CM63LB. UK), serial no. 04487 with Ag/AgCl

selective electrodes have been used recently for quantitative double junction reference electrode no. 924072-B03-Q11C.

determination of drugs as it has many advantages comparing to
other sophisticated methods [30,31]. ISEs have low detection limit,
good accuracy, wide concentration range and good applicability iii.
to turbid and coloured solutions. ISEs give high selectivity
towards the drugs in the presence of different excipients. The

ii.  pH glass electrode (Jenway, UK) no. 924072-B03-Q11C.
Hot plate stirrer, CB302 (Biocote, UK assemble by PRC).

Samples

proposed work introduces three different electrodes for the
determination of asenapine maleate according to ICH guidelines
[32]. The electrochemical sensitivity of the electrode is based
on the incorporation of ion pair (AS-AR and AS-PTA) using PVC
membrane and carbon paste (Figure 1).

Pure Samples: AS was kindly supplied by Hikma Pharma S.A.E,
6th October City, Egypt (Batch No.AOLM0040514). According to
the manufacturer’s method [33] its purity was found to be 100.1
+0.310.
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Pharmaceutical Formulation: Asenapine-Hikma Pharma
tablets, (Batch No 003) were claimed to contain 10mg AS
manufactured by Hikma Pharma S.A.E Company and were
purchased from a local market

Degraded Sample: An accurately 100mg of AS was transferred
into 250mL round-bottom flask and 100mL 30% H202 solution
was added then refluxed for 3hours.The refluxed solution was
evaporated to dryness, the residue was left to cool, then washed 5
times with methanol. The pure residue was accurately transferred
into a 100mL volumetric flask. The volume was completed to the
mark with methanol and finally filtered to get final concentration
equivalent to (1mg/mL AS deg). Then the methanolic solution was
evaporated to dryness and the residue was dissolved in 10 mL
methanol. The solution was applied as separate compact bands,
10mm from the bottom of the TLC plates, using 25pL Hamilton
micro syringe. The plates were developed in a chromatographic
tank previously saturated with toluene- methanol- chloroform-
ammonia solution 33% in the ratio of (5:3:6:0.1, by volume) for
45 minutes. The plates were developed (over a distance of 18cm)
in an ascending manner and air-dried. Then the degradate was
scratched from TLC plates after detection under UV lamp and
extracted with methanol. The methanolic solution was evaporated
to dryness and used for the suggested method.

Chemicals and Reagents:

a)  Allchemicals and reagents used were of analytical grade.
b)  Methanol (Fischer Scientific, UK).

c) H202 (30% solution: Fischer Scientific, UK).

d) Poly vinyl chloride (PVC) of high mol/L /L ecular weight,
(Fluka Chemie, Germany)

e) Dibutylphthalate (DBP) (Merck, Newgersy USA).

f)  Graphite powder and Ammonium renikate (AR) (Sigma
Aldrich).

g) Phosphotungestic acid (PTA) (BDH Ltd, Poole, UK).
h)  Tetrahydrofurane (THF) (Lab-Scan Analytical Science)

i) 1 M Sodium hydroxide, 1 M Hydrochloric acid, aqueous
solution (Prolabo VWR International, West Chester, PA).

i) Bi-distilled water.
Standard and Degraded Solutions

a) AS stock standard solution: (1.00x10% mol/L) in bi-
distilled water

b) AS working standard solution: (1.00x10°¢ to 1.00x10
mol/L) in bi-distilled water

c¢) AS deg stock solution: (1.00x10 mol/L) in bi-distilled
water.

Laboratory Prepared Mixtures Containing Different Ratios of
AS and AS deg

A 10mL volume of AS solution (1.00x10-* mol/L) was

quantitatively transferred into a series of 100 mL volumetric flasks.
Aliquots from the corresponding degradation product solution
(1.00 x107* mol/L) were added, and the volume was completed
with bi-distilled water to prepare mixtures containing 10:1, 10:2,
10:3, 10:4, 10:5, 10:6,10:7,10:8 and 10:9 AS: AS deg ratios.

Procedure

Preparation of AS-AR and AS-PTA Ion Pair

AS-AR and AS-PTA ion-pairs were prepared by adding 100mL
of 1.00 x10% mol/L AS to 100mL 1.00x10 mol/L ammonium
renikate and phosphotungestic acid separately. The solutions
were stirred for 10min. The pink and buff precipitate was filtered,
washed with bi-distilled water and left to dry over night at room
temperature.

Sensor I Fabrication (PVC Membrane Based Electrode)

The PVC membrane (electrode I) was prepared by dissolving
in a glass petri dish (7.5cm diameter), 20.00 mg of AS-AR ion pair,
190.00mg DBP and 190.00mg PVC in 6mL THF. The petri dish was
then covered with a Whatman No. 3 filter paper and left to stand
overnight to allow solvent evaporation at room temperature. A
master membrane with a thickness of 0.1mm was obtained. A disk
(about 7mm diameter) of the membrane was cut out and glued
with the aid of PVC/THF slurry to the end of a PVC tube.

Sensor II and III Fabrication (Carbon Paste Electrode)

The carbon paste electrode, sensor Il was prepared by
dissolving in a glass mortar 50.00mg of AS-AR ion pair in
475.00mg of DBP with aid of 2mL of THE About 475.0mg of
carbon powder was added to the mixture. While sensor III was
prepared by dissolving in a glass mortar 32.00mg of AS-PTA in
484.0mg of DBP with aid of 2mL of THF. About 484.0mg of carbon
powder was added to the mixture. The THF in the two sensors was
allowed to evaporate at room temperature and the formed pastes
were mechanically homogenized with glass rods.

Electrode Assembly

In Case of Sensor I: Equal volumes of 1.00x102M AS and
1.00x102 mol/L potassium chloride (prepared in bi-distilled
water) were mixed in the previously prepared PVC tube and used
as an internal reference solution. Ag/AgCl wire (1mm diameter)
was immersed in the internal reference solution as an external
reference electrode. Sensors I was then conditioned by soaking
in AS (1.00x102 mol/L) stock standard solution for 24 hours and
stored in the same solution when not in use. The electrode was
preconditioned by soaking in distilled water for %2 hour before
use. A double junction Ag/AgCl electrode was used as an external
reference electrode. The electrochemical system for the PVC
electrode is represented as follows:

Ag/AgCl/internal filling solution/PVC
solution//KCl salt brige/Ag/AgCl.

membrane/test

In Case of Sensors II and III: An empty 50ul plastic tip was
used as electrode body. The tip was completely filled with each
paste. The back connection was made by inserting a copper wire
into the paste through the apex of the tip. The wide open of the tip
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served as the electrode surface. Complete and compact packing
of the paste was confirmed by pressing the tip (at the wide open)
into the paste several times. The surface of the paste at the wide
open was smoothed onto a paper until it had a shiny appearance
with no cracks. The electrode was used directly for measurements.
A double junction Ag/AgCl electrode was used as an external
reference electrode. The electrochemical system for each electrode
is represented as follows:

Cu wire/carbon paste/test solution//KCl salt brige/Ag/AgCl.

Direct Potentiometric Determination of AS in Pure
Samples Using the Fabricated Sensors I, II and III: Aliquots of
25mL from (1.00x10°¢ -1.00x10 mol/L) standard solutions of
AS were transferred into a 50mL beaker. Each sensor separately
was conjugated with double junction Ag/AgCl reference electrode,
calibrated by being immersed in its respective drug solutions
and allowed to equilibrate while stirring until constant reading
of the potentiometer. Then the electromotive forces (e.m.f) were
recorded within + 1 mV. Calibration graphs were plotted relating
the recorded electrode potentials obtained by the three proposed
sensors versus -log molar concentrations of AS and the regression
equations were computed. The fabricated sensors were washed
with bi-distilled water before and after each run till reaching
a constant potential. The calibration graphs or the computed
regression equations were used for subsequent measurements of
unknown concentration of AS.

The slope of the calibration graph was calculated using
Nernestain equation

E=Ej + 2.303R—glog[AS]
A

Where: R is the gas constant, F is the Faraday equivalent and
z is the charge of the analyte. The term is a constant which is the

sum of all invariants in the system.

Accuracy

The accuracy of the results was checked by applying the
proposed method for the determination of different samples of
AS. The concentrations were obtained from the corresponding
regression equations.

Precision

Repeatability: Three concentrations of AS (5.00 %107,
1.00x10% and 5.00x10* mol/L) were analyzed three times, each
intra-daily using the previously mentioned procedures under
(Direct potentiometric determination of AS in pure samples). The
standard deviations for the proposed drug were calculated from
the computed regression equations.

The
samples were analyzed on three successive days using the

Intermediate Precision: above mentioned AS
previously mentioned procedures under (Direct potentiometric
determination of AS in pure samples). The standard deviations for
the studied drug were calculated from the computed regression

equations.

Direct Potentiometric Determination of Laboratory
Prepared Mixtures Containing Different Ratios of AS And
AS Deg (Specificity): The prepared electrodes (sensors I, II and
III) in conjunction with the double junction Ag/AgCl reference
electrode were immersed separately in the prepared mixtures
(Direct potentiometric determination of AS in pure samples.),
the resulting potential was recorded for each solution at constant
stirringatroom temperature and then the respective concentration
was calculated from the corresponding regression equations.

Direct of AS In
Pharmaceutical Formulation: The contents of twenty Asenapine

Potentiometric Determination
tablets were accurately weighed, an amount equivalent to 100.00
mg AS was accurately weighed and transferred into a 25-mL
volumetric flask, about 15mL of bi-distilled water was added,
sonicated for 30min and finally diluted to the mark with bi-
distilled water to obtain solution of concentration 1.00x10? mol/L
of AS. Suitable dilution was made to prepare solution containing
1.00x103 mol/L. The prepared electrodes (sensors I, Il and III) in
conjunction with the double junction Ag/AgCl reference electrode
were immersed separately in 25mL of the prepared solution,
the resulting potential was recorded and then the respective
concentration was calculated from the corresponding regression
equations. The validity of the proposed method was assessed by
applying the standard addition technique.

Results and Discussion

In this section ISEs were introduced for determination of AS
in pure form, in pharmaceutical formulation and also in presence
of its degradation product. ISEs have many good advantages as it
has the capability of performing direct measurements in turbid
and colored samples. They show rapid response to change in the
concentration. Furthermore, they may be used for measurement
over a wide concentration range. ISEs are generally tolerant to
small changes in pH. A further advantage is that they are relatively
simple and not expensive to develop, set up and run. Moreover,
the chemical design of the electrodes has been developed to give
superior selectivity and response. ~ The most common type
of potentiometric ISE comprises a sensing membrane, usually a
PVC membrane, sandwiched between two solutions, the sample
and the inner filling solutions [34] such configuration requires a
good deal of practice and patience and requires large volumes of
samples for analysis.

In contrast to PVC membrane ISEs, the carbon paste ISEs have
no inner filling solution [35,36]; hence, they have the advantage
of simplicity and ease of preparation. In addition, the carbon
paste ISE has the advantage of ease of regeneration; simply, a new
active surface can be obtained by rubbing the electrode surface
against a filter paper. This study introduced one PVC membrane
electrode using ammomium renikate (AR) as an anion exchanger
and dibutyl phthalate (DBP) as a plasticizer (sensor I). Two carbon
past ISEs using phosphotungestic acid (PTA) and AR [37-39] as an
anion exchanger (sensors Il and III) and DBP as a plasticizer.
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Optimization of The Method 2).Different carbon paste electrodes were prepared with 2.50, 5.00,
7.50 and 10.00 % (w/w), of AS-AR and 3.2, 6.4, 9.6 and 12.80%,
of AS-PTA. The best composition was that containing 5.00% and
3.20% for AS-AR and AS-PTA respectively. The electrode showed a
Nernestian slope of 58.457 and 58.114mV /decade for AS-AR and
AS-PTA respectively, over the concentration range from 5.00x10-°
to 1x102 mol/L for both sensor as shown in Figures 3 and 4 and
(Table 1).

Effect of Composition or Sensors Fabrication: The
composition of the PVC membrane electrode was optimized by
studying the potentiometric response of four PVC membranes
(Table 1). An optimum Nernestian response of 58.314mV/decade
over the concentration range from 1.00x10° to 1.00x102 mol/L
was observed with a membrane containing 5.00% AS-AR, (Figure
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Figure 2: Profile of the Potential in mV/-Log AS Molar Concentration Using Sensor | AS-AR/DBP/PVC [1.00x10-° mol/L —1.00x10-2 mol/L].
\ J

e N

300 |

250

200 -

150

E (mV)

100

50

0 1 2 3 4 5 6 7

-Log Concentration [ molL]

Figure 3: Profile of the Potential in mV/-Log AS Molar Concentration Using Sensor || AS-AR/DBP/Carbon [5.00x10° mol/L —1.00x10? mol/L].
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Figure 4: Profile of the Potential in mV/-Log AS Molar Concentration Using Sensor Il AS-PTA/DBP/Carbon [5.00 x10° mol/L —1.00 x102

mol/L].
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Table 1: Effect of composition on the response of the PVC membrane and carbon paste electrodes.

. Slope (mV/ Linear Range
PVC Membrane I AS-AR (mg) PVC (mg) DBP (mg) decade) (mol/L) LOD (mol/L)
I 10 195 195 53.21 - -
1.00x10°-
Il 20 190 190 58.314 9.032x 107
1.00x 10
1.00x10*-
11 30 185 185 56.123 X 3.421x10°
1.00x 102
v 40 180 180 52.092 - -
3 . Slope (mV/ Linear Range
Carbon Paste I1 AS-AR (mg) Graphite (mg) DBP (mg) decade) (mol/L) LOD (mol/L)
I 25 487.5 487.5 48 - -
5.
II 50 475 475 58.457 500 ):( 182 100 8.672 x107
4
1 75 462.5 462.5 55.023 1.00 ’;11%_2 1.00 3.100x10°%
1\ 100 450 450 48.891 - -
Slope Linear Range
Carbon Paste III AS-PTA (m Graphite (m DBP (m LOD (mol/L
(mg) P (mg) (me) (mV/decade) (mol/L) (mol/L)
5.
I 32 484 484 58.114 500 ); i(())z 100 1.110x10°
11 64 468 468 50.325 100 ’;1100'3'1'00 3.256 x 10°
III 96 452 452 46.547 - -
IV 128 436 436 38.783 - -

The Slope, Response Time and Operative Life of The
Electrodes: The electrochemical performance of the three
proposed sensors was evaluated according to the IUPAC
recommendations data [40]. The slope, linear range and detection
limit of the PVC membrane electrode was recorded at different
time intervals over a period of several days of continuous soaking
in water. The PVC polymeric membrane can withstand the effect of

soaking for up to 6 weeks. The electrode showed a constant slope
about 58.30mV/decade for 6 weeks. The carbon paste electrode
possesses the advantage of ease of surface regeneration. The
surface can be regenerated by simply rubbing the electrode surface
against a filter paper. The slope of the carbon paste electrode
before and after regeneration was about 58.50 mV /decade.

Table 2: Potentiometric selectivity coefficients* (— ) of the three proposed sensors using the separate solutions method (SSM).

Interferent* Sensor I Sensor II Sensor III
Degradation product (AS deg) 1.153x 103 1.952x 103 1.810x 103
NaCl 1.021x 103 1.222x10° 2.203x10°

KCl 1.571x 103 1.132x10* 1.044x10*

CaCl2 2.304x 103 1.873x 103 2.441x10*

Glucose 0.834x 103 2.224x10° 1.543x 103

Lactose 2.236x10 1.391x10° 2.071x 103

Starch 1.603x 10 1.362x 10 1.123x10°

Talc 2.113x10° 1.633x10° 1.413x10°

Mg Stearate 1.010x 103 1.134x 103 1.291x 10

Average of three determinations.

**All interferents are in the form of 1.00 x 10~ mol/L solution.

Selectivity of the Electrodes: The selectivity of the proposed
electrodes to AS in presence of tablets excipients, organic and
inorganic related substances, was assessed using the separate
solution method (SSM) [39]. The SSM is dependent on Nickolsky-
Eisenman equation. Table 2 summarizes the selectivity coefficient

of the three electrodes for some common cations, sugars and
amino acids. Due to the very small values of (- ), they were
tabulated as the negative logarithm (- ). The small values of the
selectivity coefficient of the electrode reflect a very high selectivity
for AS cations in the presence of interfering ions.
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Table 3: Results of assay validation obtained by applying the three proposed ion selective electrode methods for the determination of AS in its pure
powdered form.

Parameters Sensor I Sensor II Sensor III

Validation of Response

Concentration range (mol/L) 1.00x105-.00x10? 5.00x10°-1.00x102 5.00x10°-1.00%10?
LOD (mol/L) 9.032x 107 8.672x107 1.110x 10°
Accuracy * 99.89 100.48 100.28
Precision (R.S.D%)

Repeatability** 0.324 0.135 0.663
Intermediate precision ** 0.634 0.743 0.334
Specificity*** (Mean# S.D) 100.09+0. 556 100.39+0.258 99.84+0.577

Ruggedness*** (R.S.D%) 0.482 0.543 0.612
Robustness*** (R.S.D%) 0.519 0.342 0.322
Working pH range 5.5-9 6-8.5 05-Sep
Response time (sec.) 20 5 5
Stability (weeks) 6 Surface regenration Surface regenration

Validation of Regression Equation

Slope (mV/decade) 58.314 58.457 58.114
SE of slope 0.739 0.842 0.728
Confidence limit of the slope **** 56.2610-60.3671 56.8113-60.7692 56.0928-60.1357
Intercept (mV) 575.486 376.15 561.038
SE of intercept 2.808 2.831 2.446
Confidence limit of the intercept 567.691-583.281 368.293-384.120 554.246-567.830
Correlation coefficient 0.9993 0.9991 0.9992
SE of estimation 1.786 1.762 1.523
*n=6. **n=3x3. ***n=6. **** 95% confidence limit. LOD (Limit of detection) was measured by interception of the extrapolated arms of

Figures 1-3.

Sensors Calibration and Response Time: The slopes of the  proposed electrodes was studied by measuring the time required
calibration plots were 58.314, 58.547 and 58.114 mV//decade for  to achieve a steady state potential (within £1 mV) after successive
sensor I, II and III respectively, the typical values of monovalent immersion of the electrodes in a series of stirred AS solutions
substance as AS behaves as monovalent via its amino group. (1.00x10° to 1.00x102 mol/L). The required time was found to
Deviation from the ideal Nernstian slope (60mV/decade) stems be and 20 seconds for sensors I and 5 seconds for sensors Il and
from the fact that the electrodes respond to the activity of the drug  III, Table 3.
rather than its concentrations. The dynamic response time of the

4 A

500 |
450 - e O
400 - > o b oo b ettt
350
300 -

200 -
150 -
100
50 -

E (mV)

Figure 5: Profile of the Potential in mV/-Log AS Molar Concentration Using Sensor || AS-AR/DBP/Carbon [5.00x10-° mol/L —1.00x10-2 mol/L].
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Figure 6: Effect of pH on the Response of Sensor Il AS-AR/DBP/Carbon Using 1.00x10-® mol/L [Working pH Range: 5-8].
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Figure 7: Effect of pH on the Response of Sensor Il AS-PTA/DBP/Carbon Using 1.00x10 mol/L [Working pH Range: 5-9].
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Table 4: Specificity of the proposed potentiometric methods for the determination of AS in laboratory prepared mixtures containing different

Ratio Recovery %*

AS deg: AS Sensor I Sensor 11 Sensor III
01:10 99.67 99.99 99.11
02:10 99.45 100.11 99.34
03:10 99.56 100.32 99.56
04:10 99.76 100.34 99.17
05:10 99.89 100.27 99.71
06:10 100.13 100.67 99.85
07:10 100.55 100.56 100.26
08:10 100.87 100.42 100.66
09:10 100.89 100.87 100.88

Mean S.D 100.09+ 0. 556 100.39+ 0. 258 99.84+0.577

*Average of three determinations.

Effect of pH: The effect of pH on the potential of electrodes was
investigated by recording the variation in the cell potential when
small volumes of hydrochloric acid and/or sodium hydroxide (0.1-
1.0M of each) were added to 1.00x10- mol/L AS (Figures 5-7). It
is obvious that the electrodes do not respond to pH changes in the
range from 5.5-9, 5-8 and 5-9 for electrode I, Il and Il respectively

007

(Table 3). The decrease in the cell potential at pH values higher
than 9 is most probably due to the formation of the free AS
base in the test solution or the formation of non-protonated
drug. The proposed electrodes were successfully applied for the
determination of AS in pure solution from1.00x10° to 1.00x10-
2 mol/L for sensor I and 5.00x10° to 1.00x10? mol/L for both
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sensor II and III (Figure 5-7). Validation of the proposed method
was assessed according to ICH guidelines [32] by measuring
range, linearity, accuracy, precision and specificity. Results
obtained are depicted in. The proposed method was successfully
applied for the determination of the drug in pure powdered
form with mean percentage recoveries of 99.89 + 0.489, 100.48

+ 0.309 and 100.28 + 0.544 for sensor I, II and III respectively
(Table 3). The specificity of the proposed potentiometric method
was emphasized upon analyzing laboratory prepared mixtures
containing different percentage of the drug and its degradation
product. The Potentiometric measurement valid in the presence
of up to 90 % of AS deg, as shown in Table 4.

Table 5: Determination of AS in pharmaceutical formulation by the proposed potentiometric methods using sensor I, Il and Il and application of

standard addition technique.

. Sensor I Sensor II Sensor III
Pl;zit:l?l(;:;z;al Standard Added (mol/L) | Recovery % **of Standard Recovery % ** of Recovery % ** of
Added Standard Added Standard Added
Ase“ap(izgil't’;];’]‘:ifharma 5.00x10° 100.18 100.13 100.19
BN:003 (2.00mg/mL)
1.00x10% 100.59 100.34 100.56
(0.40mg/mL)
5.00x10* 100.63 100.78 100.76
(0.20mg/mL)
Mean + S.D 100.47+0.248 100.42+0.332 100.50+ 0.289
Found %* + S.D 99.58+0.306 100.67+0.456 99.87+0.123

*Average of five determination

**average of three determination
Claimed amount (1.00%10-3 mol/L =0.40mg/mL).

Table 6: Statistical comparison between results of the proposed potentiometric method using sensor I, Il and Ill and the manufacturer method for

determination of AS in pure powdered form.

Item Sensor I Sensor II Sensor III Manufacturer
Method *

Mean 99.89 100.48 100.28 100.1

S.D. 0.489 0.309 0.544 0.31

Variance 0.239 0.095 0.296 0.096

n 6 6 6 6

t-test ** (2.228) 0.644 1.502 0.516
F-test ** (5.050) 2.49 1.011 3.083

*HPLC method: using Intersil C8 column {250x4.6mm, 5um} and isocratic elution; mobile phase A (buffer di potassium hydrogen phosphate
3.489/1000, 0.5mL TEA adjusted to pH=6.7): mobile phase B (acetonitrile: water 90:10) in the ratio of 38: 62 v/v , with flow rate 1mL/min , at 40°C

and detection at 220 nm .

** Figures in parentheses are the corresponding tabulated values at p = 0.05.

To study the method ruggedness, three different
concentrations (5.00x103,1.00x10® ,5.00x10* mol/L) solution
of AS were analyzed in different laboratory using different
apparatus did not have a significant effect on the potentiometric
measurement proved the stability of the method upon change
the laboratory or even the instrument. While for the robustness,
the above solutions of AS were determined using AR and PTA
from different company did not have a significant effect on the
potentiometric measurement, illustrating the robustness of the
method. The proposed method has been successfully applied to
assay AS in Asenapine tablets. The validity of the proposed method
was further assessed by applying the standard addition technique
for the analysis of asenapine tablet (Table 5). The results obtained
by applying the proposed method for the analysis of the studied

drug in pure form were statistically compared with those obtained
by applying the manufacturer method [33] for AS. The values of
the calculated tand F are less than the tabulated ones which reveal
that there is no significant difference with respect to accuracy and
precision [41] as shown in Table 6.

Conclusion

The responses of the fabricated sensors are sufficiently
precise, accurate and prove the great selectivity of the sensors
for the quantitative determination of AS in pure form, in
pharmaceutical formulations and in presence of its degradation
product. Moreover, the use of the proposed sensors compromises
the great advantage of eliminating any need for drug pretreatment
or separation steps. They can therefore be used for routine analysis
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of AS in quality control laboratories. In general, the ISEs proposed
here offer simplicity in design and a very low limit of detection as

well as being rapid, inexpensive and could compete with the many
sophisticated methods currently available.
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