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ABSTRACT

Four sensitive and selective spectrophotometric and spectrofluorimetric methods were developed for the quantitative determination of
Asenapine maleate (AS) in presence of its oxidative degradate. The first method derivative spectrophotometry depending on the measuring the
peak of amplitudes of second and third derivative curves at 250,275 and 294 nm in case of 2D and at 259, 284 and 301 nm in case of °D. The
second method ratio Difference Spectrophotometry (RD) measuring the difference in absorbance between 261 and 291 nm. The third method
Derivative Ratio (*DD) measuring the first derivative of ratio spectra at 272, 303 and 318 nm where no contribution of the degradate. The
fourth method was depending on measuring the native florescence at e, 314 when exited at 270 nm. The linearity was obtained in concentration
range 20-200 pg/ml for the 3 spectrophotometric methods while from 1-10 pg/ml for fluorimetric method. The 4 suggested methods can be
applied for purity testing, stability studies, quality control and routine analysis of the proposed drug in pure and dosage form.

Keywords: Asenapine; Second derivative (°D), Third derivative (°D), Ratio difference (RD), Derivative ratio (‘DD)

INTRODUCTION

Asenapine maleate (AS) (3aRS,12bRS)-rel-5-Chloro-2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz[2,3:6,7]oxepino-4,5-c]pyrrole maleate [1]. AS
is atypical antipsychotic drug developed for the treatment of acute mania with bipolar disorder and schizophrenia [2]. AS is non-official drug,
several methods where used for its determination involving titrimetric method using 0.1 N sodium hydroxide and 0.1 N potassium hydroxide [3],
spectrophotometric method at 220 nm [4] and at 270 nm [5-7]. It also determined by gas-liquid chromatography-mass spectrometry in human
and animal plasma [8,9]. High sensitive Liquid Chromatography-Tandem Mass Spectrometry (LC-MS/MS) techniques were used for its analysis
in human plasma [10,11]. Determination of AS in pharmaceutical dosage forms were reported using different HPLC methods, different mobile
phases and columns [12-18]. Determination of AS in plasma and urine was done using several HPLC methods [19,20].

A different stability-indicating Reversed-Phase High-Performance Liquid Chromatography (RP-HPLC) method for determination of AS in tablet
dosage form and in serum was reported [21-23] and only one stability-indicating High Performance Thin Layer Chromatography (HPTLC)
method for its determination in both marketed tablets and in-house developed formulations [24]. One stability-indicating High Performance
Liquid Chromatography (HPLC) and TLC chromatographic methods was developed by [25]. The 4 suggested methods are validated according
to International Conference on Harmonization (ICH) guidelines [26] for the determination of AS in presence of its degradation product (Figure
1).
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Asenapine Maleate

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

Figure 1: Chemical Structure of AS
EXPERIMENTAL SECTION

Instrumental

(a) UV-Visible spectrophotometer (Unicam UV 300, Kyoto, Japan); (b) Spectrofluroimeter (Agilant Technologies, Cary Eclipse Fluroscence
Spectroflurometer, Australia).

Pure sample

Pure samples AS was kindly supplied by Hikma Pharma S.A.E, 6" October City, Egypt (Batch No.AOLMO0040514). According to the
manufacturer’s method [27] its purity was found to be 100.1 £+ 0.310%.

Pharmaceutical formulation

Asenapine-Hikma Pharma tablets, (Batch No 003) were claimed to contain 10 mg AS manufactured by Hikma Pharma S.A.E Company and were
purchased from a local market.

Degraded sample

An accurately 50 mg of AS was transferred into 50-ml round-bottom flask and 50 ml 30% H,O, solution was added then refluxed for 3 h. 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 50 ml volumetric flask. The volume was completed to the mark with methanol and finally filtered to get final concentration
equivalent to (1 mg/ml AS deg) [25].

Reagents

(a) Methanol of analytical grade (Fischer scientific-UK), (b) Methanol, ethanol and dichloromethane were of HPLC grade (Fischer Scientific,
UK), (c) Acetone (Sigma Aldrich, St. Louis, USA), (d) 1,4-Dioxane (Fischer Scientific, UK), (e) Sulphuric acid (0.1 M, aqueous solution: Loba-
Chime industrial Co., India). (f) Sodium hydroxide (0.1 M, aqueous solution: BDH Chemicals Ltd., England), Stock and working solutions.

(a) AS stock and working solutions

The stock standard solution of AS (1 mg/ml) was prepared for the four suggested methods by dissolving 50 mg of AS in a 50 ml volumetric
flask then completing volume with methanol. Aliquot of 2.5 ml of the prepared stock solution was transferred to 25 ml volumetric flask further
diluted with methanol to get working solution with final concentration (0.1 mg/ml) for the fluorimetric method.

(b) Stock and working solutions of (AS deg) (Degradation product of AS).

A stock solution equivalent to (1 mg/ml) of AS was prepared as the previously mentioned procedure under Degraded sample. Aliquot of the
prepared stock solution was further diluted with methanol to get working solution with final concentration (0.1 mg/ml) for method D.

(c) Preparation of laboratory mixtures containing different ratios of AS and AS deg
For spectrophotometric methods

Into a series of 10 ml volumetric flasks aliquots (1.8-0.2 ml) of AS were accurately transferred from AS standard solution (1 mg/ml)
equivalent to (1800-200 ug). Aliquots (0.2-1.8 ml) of AS deg stock solution (1 mg/ml) equivalent to (200-1800 ug) were added, and then
volume was completed with methanol.

For fluorimetric method

Into a series of 10 ml volumetric flasks aliquots (0.9-0.1 ml) of AS were transferred accurately from its AS working solution (0.1 mg/ml)
equivalent to (90-10 pg). Aliquots (0.1-0.9 ml) of AS deg working solution (0.1 mg/ml) equivalent to (10-90 pg) were added, and then
volume was completed with methanol.

Procedures
(a) Preparation of the calibration graphs for derivative spectrophotometry methods [?D and *D].

Into a series of 10 ml volumetric flasks aliquots (0.2, 0.4, 0.8, 1.2, 1.6 and 2 ml) of the AS stock standard solution (1 mg/ml) were transferred
then completed to mark with methanol. The zero-order spectra of AS solutions in methanol were recorded over the range of 200-400 nm, against
methanol as blank. Then the second derivative spectra 2D of each solution were recorded with AA=2 nm and scaling factor 10. The peak
amplitudes at 250, 275 and 294 nm were measured. The calibration curve represents the peak amplitudes at the selected wavelengths,
respectively to the corresponding concentration of AS was plotted and the corresponding regression equations were calculated.
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The third derivative spectra °D of the recorded zero-order spectra of the prepared solution were also obtained with AA=2 nm and scaling factor
100. The peak amplitudes at 259, 284 and 301 nm were measured. The calibration curve represents the peak amplitudes at the selected
wavelengths, respectively to the corresponding concentration of AS was plotted and the corresponding regression equations were calculated.

(b) Preparation of the calibration graph for ratio difference spectrophotometry method [RD]

The recorded zero order spectra of the prepared solutions were divided by the spectrum of 20 pg/ml of AS deg (its degradation product) and the
ratio spectra were obtained. The peak amplitudes of the ratio spectra were measured at 261 and 291 nm. Then the calibration curve represents the
differences in amplitude of ratio spectra (AP=261, 291), respectively to the corresponding concentration of AS was plotted and the
corresponding regression equation was calculated.

(c) Preparation of the calibration graph for first derivative ratio spectrophotometry method [*DD]

After the recorded ratio spectra were obtained the first derivative of the ratio spectra were measured with scaling factor 10 and AA=2. The peak
amplitudes of the first derivative of the ratio spectra at 272, 303 and 318 nm were measured. Then the calibration curve represents the peak
amplitude of the first derivative of the ratio spectra at the specified wavelengths, respectively to the corresponding concentration of AS was
plotted and the corresponding regression equations were calculated.

(d) Preparation of the calibration graph for fluorimetric method

Into a series of 10 ml volumetric flasks aliquots (0.1, 0.2, 0.4, 0.6, 0.8 and 1 ml) of AS working solution (0.1 mg/ml) were transferred, and then
completed to mark with methanol. Using £i=270 nm the fluorescence intensity was measured and at £¢,;=314 nm against methanol as blank.
Then the calibration curve represents the fluorescence intensity at 314 nm to the corresponding concentration of AS was plotted and the
corresponding regression equation was calculated.

(e) Analysis of laboratory prepared mixtures of AS and AS deg (specificity)

(1) For spectrophotometric methods: The absorption spectra of the prepared laboratory prepared mixtures were recorded. Then the
procedures were completed as described in subsection of Preparation of the calibration graphs. The concentrations of AS were calculated
from the corresponding regression equations.

(2) For fluorimetric method: The fluorescence intensity of the previously prepared laboratory prepared mixtures was recorded. Then the
procedures were completed as described in subsection of preparation of the calibration graphs. The concentrations of AS were calculated
from the regression equation.

(f) Analysis of AS in pharmaceutical preparation using the proposed methods

(1) For spectrophotometric methods: An accurately five asenapine tablets was weighted and finally powdered, drug equivalent to 50 mg of AS
was weighed and transferred into a50-ml volumetric flask dissolved in 25-ml methanol using an ultrasonic bath for 20 min, diluted to volume
with methanol to obtain final concentration 1 mg/ml and finally filtered.

(2) For fluorimetric method: From the previous solution 2.5 ml of the solution was transferred accurately to a 25 ml volumetric flask and the
final volume was made up with methanol to prepare tablet solution containing 0.1 mg/ml. The analysis procedures were completed as described
under preparation of the calibration graphs.

RESULTS AND DISCUSSION

Asenapine was subjected to different stress condition according to International Conference on Hormonization (ICH) [26] guidelines for: stress
acidic and alkaline condition, oxidative condition, thermal degradation and photo degradation. Complete degradation was only achieved using
oxidative condition as previously described; the degradation product was subjected to IR and MS [25].

Derivative spectrophotometry

Derivative spectrophotometry has found significant application in analytical, clinical, forensic and biomedical analysis [28]. The derivative
method tends to emphasize spectral features by presenting them in a new and visually more accessible way. This method is generally applicable
in analytical chemistry and can be used for resolution enhancement of electrochemical, chromatographic or thermal analysis data [29,30].

For the determination of pure drug in presence of any interference substances the first, second and third derivative techniques can be applied
[31], by choosing a wavelength where the drug to be determined has a reasonable value while the interference substance is zero (or almost zero)
while [32-36].

Figure 2 showing severe overlap between the zero-order spectra of AS (drug) and AS deg (its degradation product), that direct
spectrophotometric analysis cannot be applied for determination the drug in the presence of its degradate. Derivative method was applied to
resolve this overlap. The D failed to be determined AS, as shown in Figure 3. While the 2D spectra of AS and AS deg showed that AS could be
determined by measuring the amplitude of peak at 250, 275 and 294 nm, where AS deg has no contribution and showed zero reading, Figure 4.
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Figure 2: The absorption spectra of 20.00 pg/ml AS (—) and 20.00 pg/ml of AS deg (- - - -) in methanol
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Figure 3: First derivative absorption spectra of 20.00-200.00 pg/ml AS (—) and 20.00 pg/ml of AS deg (---) in methanol

By applying the third-derivative on the spectra of AS and AS deg it was noticed that AS can be determined at 259, 284 and 301 nm where AS
deg has no contribution and showed zero crossing, Figure 5.
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Figure 4: Second derivative absorption spectra of 20.00-200.00 pg/ml AS (—) and 20.00 pg/ml of AS deg (---) in methanol
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Figure 5: Third derivative absorption spectra of 20.00-200.00 pg/ml AS (—) and 20.00 pg/ml of AS Deg (---) in methanol

The proposed 2D and ®D methods were linear in the range of 20-200 pg/ml, Figures 6 and 7. The regression equations representing the linear
relationship between the peak amplitudes at the selected wavelengths versus the different concentration of drug were computed.
For second derivative:

%D,5,=0.0598C-0.0141, r=0.9999
?D,75=0.0146C-0.0003, r=0.9999
?D,0,=0.0110C-0.0210, r=0.9999

For third derivative:
®D,5s=0.0148C + 0.0119, r=0.9995
3D,4,=0.0076C + 0.0139, r=0.9997
®D30,=0.0038C + 0.0006, r=0.9998

Where, (?D,so, °Da7s and 2Dg4)=The peak amplitudes at 250,275 and 294 nm; (*Dase *Dags and *Dyg1)=The peak amplitudes at 259, 284 and 301
nm; C=Concentration of AS in pg/ml and r=The correlation coefficient.
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Figure 6: Linearity of the peak amplitudes at 250, 275 and 294 nm of the second derivative absorption spectra to the corresponding concentrations of AS
in methanol (20.00-200.00 pg/ml)
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Figure 7: Linearity of the peak amplitude at 259, 284 and 301 nm of the third derivative absorption spectra to the corresponding concentrations of AS in
methanol (20.00-200.00 pg/ml)

Ratio difference (RD)

RD method is novel method that has the advantages of minimal data processing and wider range of application. This method which depends on
the difference in amplitude between two points on the ratio spectra of a mixture independence of the interfering component where the difference
equal zero. This difference is directly proportional to the concentration of the drug [37-41]. Critical measurements were not needed in this
method leading to highly reproducible and robust results. AS can be determined by this method, as the difference between the two selected
wavelengths (261 and 291 nm) on the ratio spectra of the drug has significant contribution where the ratio spectra of the degradation product
showed the same amplitudes (constant), (Figure 8).
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Figure 8: Zero order absorption of ratio spectra of AS 20.00-200.00 pg/ml (—) and 20.00 pg/ml of AS Deg (- - -) using 20.00 pg/ml of AS Deg as a divisor
in methanol

The divisor was selected carefully as it gives maximum sensitivity and minimal noise. The zero spectra of AS (20-200 pg/ml) were divided by
the spectrum of AS deg (20 pg/ml) and the concentration of AS was calculated using the regression equation. The linear relationship between the
differences of amplitudes of the ratio spectra at the two selected wavelengths (261-291) versus the corresponding concentration of drug was
constructed. The proposed RD method was linear in the range of 20-200 pg/ml, (Figure 9).

AP(261-291)=0.0414C + 0.0132, r=0.9999

Where AP (51 291)=Peak amplitudes difference at 261 and 291 nm, C=Concentration of AS in ug/ml and r=Correlation coefficient.
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Figure 9: Linearity of the difference in peak amplitude at 261 and 291 nm of the ratio spectra to the corresponding concentrations of AS (20.00-200.00
pg/ml) Using 20.00 pg/ml of AS Deg as a Divisor in methanol

Derivative ratio (‘DD)

DD was investigated to determine AS with the main advantage that the whole spectrum of its degradation (AS deg) is cancelled [42-46]. After
the ratio spectra were obtained, the first derivative of ratio spectra were calculated for AS and AS deg. AS can be determined at 272, 303 and
318 nm where AS deg showing zero crossing using scaling factor 10 and AA=2 nm, (Figure 10).
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Figure 10: First Derivative of Ratio Spectra (*DD) of AS in methanol 20-200 pg/ml (—) and 20 pg/ml of AS Deg (- - -) Using 20 pg/ml of AS Deg as a
divisor

The linear relationships between the peak amplitudes at the selected wavelengths versus the corresponding concentration of drug were
constructed. The proposed ‘DD method was linear in the range of 20-200 pg/ml, Figure 11.

1DD,7,=0.1204C + 0.0318, r=0.9999
1DD33=0.4945C-0.1219, r=0.9999
1DD;;=0.1008C + 0.0074, r=1

Where, 'DD,7,, 1DD3o3 and 'DD4 =Peak amplitudes at 272, 303 and 318 nm, C=Concentration of AS in pg/ml and r=Correlation coefficient.

128



Nesrin K Ramadane et al.

Der Pharma Chemica, 2018, 10(3): 122-134

120

100

S0

60

40

Peak amplitude

20

1 'S
" [#abs at272 y=0.120x+0.031
4 Zz ! R*=0.999
/ W abat303 y=0494x-0.121
1 P | R*=0.999
; vabsat318 y=0,100x+ 0.007
1 A RI=1
1 ol ——
| i =
T v v v '
0 S0 100 150 200 250

Concentration (g ml)

Figure 11: Linearity of the peak amplitude at 272,303 and 318 nm of the first derivative of ratio spectra to the corresponding concentrations of AS (20—
200 pg/ml) Using (20.00 pg/ml) of AS Deg as a divisor in methanol

Fluorimetric method

Spectrofluorimetric techniques offer much greater sensitivity than spectrophotometric ones. Fluorescence should be considered as a measuring
technique for analysis of trace impurities in drug or in unit dose assays of alkaloids and steroids, which are administered at very low dose [47].
The proposed spectrofluorimetric determination of AS was depending on the measuring its native fluorescence in methanol.
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Figure 12: Excitation and emission spectra of (4 pg/ml) AS in methanol (at £=270 nm with £,=314 nm)
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Figure 13: Excitation and emission spectra of (4.00 pg/ml) AS Deg in methanol (at £,,=335 nm with £.,=392 nm)

Figure 12 showed that the methanolic solution of AS when excited at 270 nm it has maximum emission at 314 nm, while AS deg showed
different £ at 392 nm and Ay, at 335 nm, Figure 13, so AS can be determined in presence its degradation product. The fluorescence intensity
at Kemi 314 nm of the mentioned concentrations of AS in methanol was recorded using £, 270 nm against methanol (blank).

The linear relationship between the fluorescence intensity at 314 nm versus the corresponding concentration of drug was constructed. The
proposed fluorimetric method was linear in the range of 1-10 pg/ml, (Figure 13).
1i=23.6329C + 73.2301, r=0.9996

Where, li=Fluorescence intensity, C=Concentration of AS in pg/ml and r=Correlation coefficient.

Different factors affecting the fluorescence intensity were studied as type of diluting solvent, surfactant, heat and time. Methanol was the best
solvent, removal of the surfactant and room temperature give maximum fluorescence intensity, Figures 14 and 15. The fluorescence intensity
was stable up to 60 min (Figures 16 and 17).
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Figure 14: Linearity of the fluorescence intensity to the corresponding concentration of AS (1.00-10.00 pg/ml)
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Figure 15: Effect of different surfactant on the fluorescence intensity of AS (4.00 pg/ml)
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Figure 16: Effect of diluting solvent on the fluorescence intensity of AS (4.00 pg/ml)

1
1
R
&

0 10 20 30 40 50 60 70
Time {minute)

Figure 17: Effect of the time on the stability of the fluorescence intensity of AS (4.00 pg/ml)

Methods validation

Validation of the proposed methods was assessed according to ICH guidelines for:

Linearity

Different concentration of AS were analyzed on three different days using the proposed methods. Each concentration was repeated triplicate.
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The linear regression equations and the validation parameter for all methods are listed in Table 1.

Table 1: Results of assay validation obtained by applying the four proposed methods for the determination of AS in its pure powdered form

Method A Method B Method C Method D
Parameters D D° DD
At250 | At275 At 294 At259 | At284 | At301 RD At272 | At303 | At318 | Fluorometry
nm nm nm nm nm nm nm nm nm
Concentration 20-200 | 20-200 20-200 20-200 | 20-200 | 20-200 20-200 20-200 | 20-200 | 20-200 1-10
range(pg/ml)
Slope® 0.06 0.015 0.011 0.015 0.008 0.004 0.041 0.120 0.495 0.101 23.633
Intercept® 0.014 0.0003 0.021 0.012 0.014 0.001 0.013 0.032 0.122 0.007 73.230
Correlation 0.9999 | 0.9995 0.9999 0.9995 | 09997 | 0.9998 1 0.9999 | 0.9999 1 0.9996
coefficients
Average 99.76 | 100.11 100.24 99.74 99.78 100.32 99.90 9959 | 10015 | 100.18 100.21
accuracy (%)
Standard
nda 0.451 0.663 0.289 0.602 0.717 0.497 0.596 0.389 0.497 0.664 0.466
deviation
Relative
standard 0.452 0.662 0.288 0.604 0.719 0.495 0.597 0.391 0.496 0.663 0.465
deviation %
LOD (ug/ml) 5.60 542 476 5.57 4.95 5.50 3.00 3.43 2.80 3.86 0.25
LOQ (pg/ml) 16.97 16.43 14.42 17.14 15.00 16.67 9.09 10.39 8.49 11.70 0.76
Precision
Repeatability” 0.827 0.721 0.321 0.673 0.871 0.273 0.657 0.427 0.321 0.424 0.856
(%)
Intermediate
precision’ (%) 0.672 0.634 0.465 0.856 0.163 0.553 0.121 0.362 0.534 0.705 0.543

Accuracy

3Results of five determinations; °n=3 x 3;n=3 x 3

The accuracy of the results was checked by applying the proposed method for the determination of different samples of AS. The
were obtained from the corresponding regression equations, as shown in Table 1.

Precision

concentrations

Three concentrations of AS were analyzed three times each, on one day and on three consecutive days using the previously mentioned procedure
under linearity. The results are presented in Table 1.

Specificity and selectivity

Analyzing laboratory prepared mixtures containing different percentage of the drug with its oxidative degradate proved the specificity of the
proposed methods. From the data obtained 2D was specific for AS up to 30% at 275 and 294 nm and up to 50% at 250 nm in presence of AS deg,
while the specificity was achieved by *D method till 70% at 259 nm and 50% at 284 and 301 nm. RD and *DD were most specific for AS up to
90%. The fluorimetric method was specific to As up to 50% in presence of As deg, Table 2.

Table 2: Specificity of the four proposed methods for the determination of AS in laboratory prepared mixtures containing different concentration of AS and

AS deg
Methods (A), (B) and (C) Method (D)Fluorimetry
2 3 Recovery % AS As deg
Recovery % of D Recovery % of D Recovery % of
Deg AS As method method of RD DD' method (ug/ml) | (ug/ml) | Recover
% (ug/ deg method Hg Mg y % at
wol [ At | At | At | At | At | At e
m) | W8 2 | a5 | ses | s | sea | a1 | QP61 | Ater2 | Ataos | At3is 314 nm
291) nm nm nm
nm nm nm nm nm nm
10 | 180 | 20 | 1003 | 99.45 | 99.13 | 1003 | 99.45 | 90.85 |  100.62 99.45 | 99.35 | 99.77 9 1 99.87
30 | 140 | 60 | 1005 | 9973 | 9964 | 1005 | 9973 | '%0® | 10043 99.76 | 99.37 | 99.94 7 3 10053
s0 | 100 | 100 | 101 | *0Z |10 ooz | 1010 1003 99.88 | 9959 | 99.31 5 5 101.06
0 | e | 140 |103] - ~ | o | 1001105 q0011 | 10028 | 10019 | 9945 3 7 112.66*
90 | 20 | 180 | - _ e - 99.76 10043 | 10033 | 10057 | 1 9 _
Mean 1006 | 9959 | 9939 | '%® | 9977 | 1002 | 10025 99.96 | 99.77 | 99.81 100.49
RSD 0359 | 0199 | 0.363 | 0.297 | 0338 | 0.395 0.328 0397 | 0464 | 0.495 0.465

Detection and quantification limits

Average of three determinations

The LOD and LOQ of AS were calculated using the proposed methods with a ratio of 3.3 and 10 standard deviations of the blank and the slope
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of the calibration line, as shown in Table 1.

Robustness and ruggedness

Small deliberate variations of the experimental conditions for UV and fluorometry were applied in order to determine the robustness of the
methods. Using methanol from different company, different temperature have not a significant change on the spectra of AS, demonstrated
sufficient stability.

The ruggedness of the proposed methods was studied using three concentrations of AS that analyzed in a different laboratory using different UV

apparatus (Shimadzu 1260) and different Shimadzu RF spectrofluorimeter apparatus did not have a significant effect on the UV spectra and
fluorescence spectra which proved good stability upon change the laboratory or even the instrument.

Table 3: Determination of AS in pharmaceutical formulation by the four proposed methods and application of standard addition technique

Pharmaceutical Method A
formulation D? D°
Recovery** | Recovery** | Recovery** Recovery** | Recovery** | Recovery**
Standard % of % of % of Standard % of % of % of
added Standard Standard Standard added Standard Standard Standard
(ng/ml) added at added at added at (ng/ml) added at added at added at 301
Asenapine- 250 nm 275 nm 294 nm 259 nm 284 nm nm
Hikma Pharma 20 99.18 99.61 99.96 20 99.8 99.1 99.26
(AS) tablets,
BN:003 40 99.73 99.79 99.26 40 99.3 99.7 99.86
80 100.41 98.15 100.74 80 100.1 98.1 100.54
Mean + 99.77 + 99.18 £ 99.99 + Mean + SD 99.73 £ 98.97 + 99.89 +
SD 0.618 0.907 0.741 B 0.405 0.817 0.641
Found% * of
X 100.30 £ 100.17 100.62 £ 100.18 £
Claimed 99.88 £ 0.619 0.147 0618 100.16 + 0.606 0.285 0.481
amount + S.D
Method B (RD) Method C (DDY) Method D
Recovery** Recovery** | Recovery** | Recovery** Recovery**
Standard o ofy Standard % of % of % of Standard % of
added Sta; dard added Standard Standard Standard added Standard
(ng/ml) added (ng/ml) added at added at added at (ng/ml) added at 314
272 nm 302 nm 318 nm nm
20 99.76 20 99.53 99.31 99.16 2 100.22
40 99.54 40 99.93 99.89 99.28 4 99.76
80 99.45 80 100.61 99.15 100.34 6 99.78
Mean * 99.58 + 100.02 + 99.45 + 99.59 + 99.92 +
sD 0160 | MeanSD | o545 0.391 0652 | MeanxsSD 0.260
Found% * of
Claimed 100.63 + 0.296 99.75 + 0.471 oans | 1L 100.21 + 0.466
amount + S.D :

Claimed amount 40 (ug/ml) in method A, B and C while 4 (ug/ml) in method D - *average of five determination - **average of three determination

The suggested methods were applied for the analysis of AS in its dosage form (asenapine tablet) Furthermore, the validity of the all methods
were assessed by applying the standard addition technique, as represented in Table 3, mean percentage recoveries revealed that any excipients
have no interference effect, that may be found in the tablet forms. The results obtained by applying the 4 proposed methods for the analysis of
AS in pure form were statistically compared with the method supplied by the manufacturer. The values of the calculated t and F are less than the
tabulated ones which reveal that no significant difference as shown in Table 4.

Table 4: Statistical comparison between results obtained of the four proposed methods and the manufacturer method for determination of AS in pure
powdered form

Method (A) Method (B) Method (C)
ltemn D? D? RD DD! MS;??niég ) Reported
AL250 | At275 | At294 | At250 | At284 | AL301 [ \p rcioqyy | AL272 | AL303 | At318 Y| *Method®
nm nm nm nm nm nm ( nm nm nm
Mean 99.76 | 100.11 | 100.24 | 99.74 | 99.78 | 100.32 99.90 99.59 | 100.15 | 100.18 100.21 100.10
S.D. 0451 | 0663 | 0289 | 0602 | 0717 | 0.497 0.596 0389 | 0497 | 0.664 0.466 0.310
RSD9% | 0452 | 0662 | 0288 | 0604 | 0719 | 0.495 0,597 0391 | 049 | 0.663 0.465 0.310
Variance | 0.203 | 0440 | 0084 | 0362 | 0432 | 0247 0.355 0151 | 0247 | 0441 0.217 0.096
n 6 6 6 6 6 6 6 6 6 6 6 6
Stz'z";‘z‘g)s t1 1003 | 0025 | 0571 | 0965 | 0762 | 0.667 0541 1783 | 04152 | 0201 0.347 ~
F-test 4580 | 1143 | 3771 | 4500 | 2573 3.698 1573 | 2573 | 459 2.260 _
(6.260) 2110

Figures in parentheses are the corresponding tabulated values at p = 0.05;*HPLC method
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CONCLUSION

The presented spectrophotometric and fluorimetric methods have many advantages of being accurate, precise, sensitive and inexpensive. These
methods could be applied for the quantitative determination of Asenapine in pure powdered form, in dosage form and also in presence of its
oxidative degradate in quality control laboratories where economy and time are essential. From the data obtained it is proved that the presented
fluorimetric method was more sensitive than the other spectrophotometric methods for the determination of AS even though the RD and ‘DD
methods are more specific for determination of AS in presence of its oxidative degradate.
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