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a b s t r a c t

An analytical investigation was carried out to study the treatment and amplification of the spectral
signals produced by critical concentrations with high accuracy and precision using two advanced ap-
proaches. The factorized-spectrum approach was applied through two novel methods which were: ab-
sorptivity centering technique via both: factorized zero order absorption spectrum (ACT-FSD0

DA) and
factorized ratio spectrum (ACT-FSRDP). The proposed methods were found to be linear in the ranges of
(15e100 mg/mL) and (3e40 mg/mL) for ASP and MTO, respectively. Those methods were compared to the
methods following the geometrical standard addition approach: ratio H-point standard addition method
(RHPSAM) and geometrical induced amplitude modulation (GIAM). The approaches were applied for the
determination of the minor component metoclopramide in its mixture with the major component
aspirin in the challengeable ratio of (1,90) respectively in a white multicomponent system. The results
obtained from the proposed approaches were statistically compared with each other. The methods were
validated according to ICH guidelines where the results were found to be within the acceptable limits.
The methods were found to be accurate and reliable for the determination of metoclopramide critical
concentration besides aspirin concentration. The results of single factor ANOVA analysis indicated that
there is no significant difference among the developed methods. These methods provided simple res-
olution of this binary combination from synthetic mixtures and pharmaceutical preparation and can be
conveniently adopted for routine quality control analysis.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction According to Liang et al. [9] mixtures are classified into white,
The spectrophotometric techniques have attracted the attention of
researchers all over theworld due to its simplicity, reliability andwide
applications. The spectrophotometric methods show obvious di-
versity according to theirmathematical background such as derivative
calculation [1,2], ratio spectral manipulation [3,4], dual wavelength
[5,6] and standard addition [7,8]. The choice of the spectrophoto-
metric method to be appliedmainly depends on the spectral nature of
the data to be analyzed. Usually for mixtures with partially over-
lapping spectra, simple methods depending on one mathematical
operation could be applied. On the contrary, methods with multi-
mathematical operations should be applied for the analysis of com-
plex mixtures with severely or completely overlapping spectra. Then
by choosing the suitable method, analysts would be able to solve and
analyze simple or complex absorbance matrices.
h@msa.eun.eg (S.S. Saleh).
black and grey multicomponent systems. White systems are
labelled with existing spectral information for all the chemical
species present in the systems (interferents are well known), black
systems include mixtures no data about its chemical composition,
while grey systems lies in between white and black where insuf-
ficient data of all coexisting chemical interferents where analyte of
interest is quantitated in the presence of unknown coexisting
interferents. Hyphenated chromatography is the method of choice
for black systems, while spectrophotometric analysis could be
applied for white and grey systems in the form of univariate and
multivariate calibration methods, respectively.

Spectrophotometric analysis has many advantages over other
analytical techniques (such as LC-MS or GCeMS…) including reduced
analysis time and cost, minimized usage of organic solvents (envi-
ronment-friendly), availability and ease of application. Unfortunately,
the sensitivity of the spectrophotometric methods was always
questioned. The reason is the limited concentration range that can be
analyzed which is governed by Beer's law [10]. So the application of
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Fig. 1. Chemical structures and zero order absorption spectra (D0) of Aspirin (ASP)
100 mg/mL and Metoclopramide (MTO) 10,100 mg/ml.
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spectrophotometric analysis was always hindered for samples con-
taining low and critical concentrations due to lack of accuracy and
sensitivity. The methods used for solving such a problem should ac-
quire one of two features; either amplifying the weak absorbance
signals of the lower concentration by spiking or standard addition
followed by subtraction of the known amount added (as proposed in
the geometric standard addition approach), or treatment of the weak
signals via mathematical manipulations in order to extract the
maximum strength of the purest signal of each component solely (as
proposed in the factorized spectrum approach).

By spiking samples with pure analyte to amplify the absorbance
signal is amplified followed by calculating the difference in con-
centration which may encounter error. To minimize this error, the
solutions were applied to several standard addition steps and the
absorbance was measured as a function of the added standard
points. This approach was known as H-point standard addition
method (HPSAM) [7,11,12]. A further modification of this method
was introduced under the name of ratio H-point standard addition
method (RHPSAM) [13,14] in which the principles of ratio spec-
trophotometry and dual wavelength were utilized together with H-
point standard addition. Likewise, two methods were recently
introduced for the analysis of critical concentrations namely,
geometrical amplitudemodulation (GAM) and geometrical induced
amplitude modulation (GIAM) [15], where the principles of stan-
dard addition were merged with isosbestic point in ratio spectra.

Meanwhile, the concept of factorized spectrum was firstly intro-
duced to represent a spectrum with absorbance equals unity at the
isoabsorptive point [16,17]. The factorized spectrum enabled the res-
olution of components using the absorptivity inverse at isoabsorptive
point (1/aliso). The factorized spectrum has several advantages over
the normalized divisor [17] as it can be generated using the built-in
apparatus software and it involvesminimal arithmetic manipulations.

In this study, a novel approach utilizing the factorized spectrum
was introduced namely, absorptivity centering technique via fac-
torized zero order absorption spectrum (ACT-FSD0) and factorized
ratio spectrum (ACT-FSR). This approach was compared to
geometrical standard addition approach applied through: ratio H-
point standard addition method (RHPSAM) and geometrical
induced amplitude modulation (GIAM). The proposed approaches
were applied for the determination of minor component meto-
clopramide (MTO) in its binary mixture with aspirin (ASP) in the
ratio of (1:90) respectively. The proposed methods eliminated the
problem of the interference of the spectrum of the major compo-
nent (ASP) to determine the critical concentration of (MTO)
together with (ASP) in their combined pharmaceutical preparation.

Metoclopramide (MTO), 4-Aminoe5echloro-N-[(2ediethylamino)
ethyl]-2emethoxybenzamide [18], is an effective antiemetic acting by
blocking apomorphine induced vomiting and it increases gastric
peristalsis while relaxing the pylorus and the first part of duodenum
that leads to speeding gastric emptying [19]. While aspirin (ASP), 2-
(Acetyloxy) benzoic acid [18], has analgesic, antipyretic, anti-inflam-
matory actions [20] and irreversibly inhibits platelet COX-1 so that its
antiplatelet effect lasts 8e10days [19,21]. Both drugs are co-formu-
lated to relieve the pain associated with migraine [22]. Literature
survey revealed the reported methods for the simultaneous determi-
nation of ASP and MTO using the first derivative spectrophotometric,
HPLC [23] and spectrofluorimetric methods [24]. The structural
formulae of MTO and ASP are shown in Fig. 1.

2. Theoretical background

2.1. Factorized-spectrum approach

2.1.1. Absorptivity centering technique via factorized zero order
absorption spectrum based on absorbance difference (ACT-FSD0

DA)
This approach for absorptivity centering [16,25] (ACT) was
modified to be applied for resolving binary mixture of X and Y
possessing partially or completely overlapped spectra without
isoabsorptive point using absorbance difference between two
wavelengths, which obeys Beer's law, where interfering substance
exhibits an absorbance difference equals to zero (ACT-FSD0

DA).
The factorized spectrum using absorbance difference between

two wavelengths (FSD0
DA) is achieved through the division of the

absorption spectrum of Y, throughout all the measured wave-
lengths, by the difference of its absorbance values at the two
selected wavelengths where component X should show zero dif-
ference in its absorbance at these selected wavelengths.

FactorizedD0spectrumof Yviaabsorbancedifference
�
FSD0

DA

�
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The D0 of Y can be recovered by multiplying the calculated
difference in the absorbance values of themixture between the two
selected wavelengths by its corresponding factorized spectrum.

∴Recovered D0 of Y ðaY CYÞ ¼ ½aY=D aYðlsÞ �0$D aYðlsÞ CY

Finally, The D0 of component X in the mixture can be recovered
through subtracting the recovered D0 of Y from the D0 of the cor-
responding mixture; which is known as spectrum subtraction
[26,27].

∴D0of component Xðax CxÞ ¼ ½ax Cxþ aYCY� � aYCY

The concentrations of X or Y in the mixture was separately
calculated via corresponding regression equation representing the
absorbance value at their maxima versus their corresponding
concentrations.
2.1.2. Absorptivity Centering Technique Via Factorized Ratio
Spectrum (ACT-FSRDP)

This method can be used to resolve binary mixture of X and Y
where the two spectra were completely overlapping lacking of two
equal absorbance values for the interfering component all over the
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spectrum wavelength range which obstructs the application of the
novel method using D0 spectrum via factorized absorbance differ-
ence FSD0

DA. Factorized ratio spectrum using amplitude difference
(FSRDP) represents a spectrum with unit difference between the
amplitudes of two chosen wavelengths where the interfering
component is transformed to a constant thus the amplitude dif-
ference all over the curve equals to zero. Thus, any twowavelengths
in the overlapped region could be used regards the sensitivity and
the accuracy. This factorized spectrum achieved through the divi-
sion of the ratio spectrum of pure Y (throughout all the measured
wavelengths) by the difference in the amplitude values at the
chosen wavelengths of Y using X as a divisor

Factorized ratio spectrum ðFSRDPÞ ¼ ½AY=aXCx�
.h

DAYðlsÞ
i
axðlsÞ

i
Cx

¼ ½aYCY=aXCX�
.h

DaYðlsÞCY

.
axðlsÞCx

i

∴Factorized ratio spectrum ðFSRDPÞ ¼
h
AY

.
aX,aXðlsÞ

.
DaYðlsÞ

i0

The ratio spectrum of Y in the mixture can be recovered by
multiplying the recorded amplitude difference value of Y [D aY(ls)
CY/aX(ls)CX] in the mixture by its corresponding factorized
spectrum.

Recovered ratio spectrum of Y in the mixture ½aYCY=aX CX�
¼ ½aY=aX$aXðlsÞ=D aYðlsÞ �0x ½DaYðlsÞCY=aXðlsÞCX �

The ratio spectrum of the constant X can be recovered by sub-
tracting the recovered ratio spectrum of Y from ratio spectrum of its
corresponding mixture then its value is recorded.

∴Recovered ratio spectrum of X [axCx/aX CX']¼ [axCx/
aXCX 'þ aYCY/aXCX']� [aY CY/aX CX]

The concentrations of the proposed drugs were calculated via
corresponding regression equations representing the amplitude of
Y at the maxima and the amplitude of X (constant) versus their
corresponding concentrations.
2.2. Geometric standard addition approach

2.2.1. Ratio H-point Standard Addition Method (RHSAM)
This method involves plotting two straight lines representing the

amplitude, using the normalized spectrum of (Y) as the divisor, at
two selectedwavelengths versus the added concentration (X), where
the interfering substance (Y) exhibits the same absorbance, where a
intercept (RH point) having (eCRH; PRH), CRH is the unknown con-
centration (Cx) and PRH is equivalent to the concentration of inter-
fering component (Cy) [13,15,28]. The concentrations of X and Y can
be calculated mathematically through the following equations:

Cx ¼ ðB� AÞ=ðM1�M2Þ

Cy ¼ ðM1 B�M2 AÞ=ðM1�M2Þ

where M1 and M2 are the slopes of standard addition calibration
lines at l1 and l2, respectively; A and B are the intercepts of the two
regressions, such that A¼ (X/Y0)1þ (Y/Y0) and B¼ (X/Y0)2þ (Y/Y0).
2.2.2. Geometrical Induced Amplitude Modulation method (GIAM)
Lotfy et al. [15] presented this method in order to determine

minor component in mixture (Xþ Y) showing severely overlapping
spectra with no isoabsorptive point. Starting with the calculation of
the absorptivity factor for x and y [29,30]. The ratio amplitude at
two wavelengths (Pf and P2) were calculated using normalized
spectrum of Y as a divisor (Pf is the absorptivity factor point). The
difference of the ratio spectra amplitudes DP (Pf-P2) and amplitudes
(Pf) were graphically plotted versus the added concentration of the
minor component (X) and both straight lines were extrapolated to
cut the concentration axis where both minor component (X) and
major one (Y) could be recorded. By computing the geometrical
extrapolations of each regression line as follows:

Extrapolation ¼ intercept=slope

∴DP extrapolation ¼ A=M1 ¼ CxðminorÞ

Pf extrapolation ¼ B=M2 ¼ ½CxðminorÞ � þ 1
F
½Cy�½Cy� ¼

�
B=M2� A=M1

�
*F

where (M1) and (M2) are the slopes of each line which is equal to�
ax=ay

�
and

�
Dax=ay

�
, respectively. (A) and (B) are the intercepts

of each line which is equal to
�
Dax=ay,CxðminorÞ

�
and

�
ax=ay,CxðminorÞþ1

F Cy
�
, respectively. (F) is equivalent to the ab-

sorptivity factor ax=ay.

3. Experimental

3.1. Apparatus and software

Shimadzu (Japan) UV 1800 double beam UVeVisible spectro-
photometer and matched quartz cells (1 cm) were used for absor-
bance measurements. Built-in Shimadzu UV-Probe 2.32 system
software was used for data manipulation.

3.2. Materials and reagents

Aspirin (acetyl salicylic acid) standard (ASP) andmetoclopramide
standard (MTO) were obtained as kind gift samples from Rameda
Company and Sunny pharmaceutical company, Cairo, Egypt,
respectively. The purities were tested by the official methods [31]
and were found to be 99.58± 0.56 and 99.78± 0.73, respectively.

Market samples. Migramax sachets were purchased from Lloyd's
pharmacy, England. Each sachet contains 1620mg lysine
acetylsalicylate (equivalent to 900mg acetylsalicylic acid),
10mgmetoclopramide hydrochloride and aspartame (E951). It's
manufactured by Zentiva Company, United Kingdom.
Solvents. Spectroscopic analytical grade methanol was supplied
from (S Merck, Darmstadt, Germany) and distilled water.

3.3. Standard solutions

Stock solutions of ASP and MTO were prepared in a solvent
mixture of methanol: water (50,50 v/v), of concentration 1.0mg/mL.
The use of organic solventwas economized to reduce cost and have a
positive impact on environment. Working solutions were diluted
from the stock solutions using the same solvent mixture to reach a
concentration of 100.0 mg/mL for ASP and 50.0 mg/mL for MTO.

3.4. Spectral manipulation and analysis of synthetic mixtures

3.4.1. For factorized-spectrum approach
3.4.1.1. Spectral manipulation. The D0 absorption spectra were
recorded for the working solutions equivalent to (15e100 mg/mL)
and (3e40 mg/mL) of ASP and MTO, respectively, prepared sepa-
rately in the solvent mixture. Calibration curves were constructed
for both ASP and MTO by plotting the absorbance of D0 maxima
(ASP at 276.5 nm and MTO at 276.0 nm) against the corresponding
concentration and the regression equations were computed. The
absorption spectra of both ASP and MTO were divided by ASP



Fig. 2. The absorption factorized spectrum of ASP (FSD0
DA) at 280.5e309.5 nm and the

ratio factorized spectrum of MTO (FSR DP) at 270.5e246.5 nm using normalized ASP0 as
divisor.
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normalized divisor to get the ratio spectra. Calibration curves were
constructed for the ratio spectra of both MTO and ASP by plotting
the amplitude (MTO P(max) at 270.5 nm and ASP P(constant) at
(275.0e295.0 nm) against the corresponding concentration and the
regression equations were computed.

Two factorized spectrumwere prepared using the software. The
factorized spectrum using absorbance difference (FSD0

DA) of ASP
was prepared by dividing the zero-order (D0) spectrum of any
concentration within linearity range by the value of absorbance
difference at the two selected points (280.5e309.5 nm). On the
other hand, the factorized ratio spectrum using amplitude differ-
ence (FSRDP) of MTO was prepared where the ratio spectrum of any
concentration within linearity range by the value of MTO, gener-
ated by using the normalized divisor of ASP, by the value of
amplitude difference at the two selected points (270.5e246.5 nm).

3.4.1.2. Analysis of mixtures. The zero-order absorption spectra
(D0) of the synthetic mixtures were reordered. The calculated
absorbance difference in the mixtures' absorbance values at
(280.5e309.5 nm) was multiplied by the corresponding factorized
spectrum to recover the D0 of ASP present in the mixtures. The full
spectrum of MTO was recovered from each mixture by subtracting
the obtained D0 of ASP. The concentrations of ASP and MTO were
calculated using the corresponding regression equation of each
drug constructed at its maxima.

On the other hand, the ratio spectra of the synthetic mixtures
were calculated by dividing their D0 by the normalized divisor of
ASP. The calculated amplitude difference of the mixtures' at
(270.5e246.5 nm) was multiplied by the corresponding factorized
amplitude difference spectrum of MTO to recover the full ratio
spectrum of MTO present in the mixtures. The ratio spectrum of
ASP was recovered from the mixtures by subtracting the obtained
ratio spectrum of MTO from the ratio spectrum of its corresponding
mixture. The concentrations of ASP and MTO are calculated using
the corresponding regression equation of each of their amplitudes
(MTO P(max) at 270.5 nm and ASP P(constant) at 275.0e295.0 nm).

3.4.2. For geometric standard addition approach
3.4.2.1. Spectral manipulation. Working solutions were prepared in
the previouslymentioned solventmixture in the concentration range
of (15.0e100.0 mg/mL) and (3.0e40.0 mg/mL) for ASP and MTO,
respectively, and their absorption spectra were measured at
(200e400 nm) and divided by the normalized ASP spectrum as a
divisor. The ratio amplitudesofASPandMTOwere recordedat (226.5,
246.5 nm) for RHPSAM and (290.0, 309.5 nm) for GIAM and then
plotted against the corresponding concentrations of each drugwhere
the regression parameters were computed. Nine synthetic mixtures
wereprepared in solventmixture using three levels of concentrations
of each drug: (200.0, 400.0, 900.0 mg/mL of ASP) and (10.0, 20.0,
30.0 mg/mL of MTO). For standard addition, one milliliter of each
mixture was transferred to a set of 10-mL volumetric flasks followed
by the addition of different aliquots of MTO (40.0e290.0 mg) and the
volumes were completed to the mark with the same solvent.

3.4.2.2. Analysis of mixtures. The mixtures' spectra were divided by
the normalized divisor of ASP. For GIAM, two lines were plotted
representing the amplitudes 290.0 nm and DP (290.0e309.5 nm)
against the added concentrations of MTO for each mixture where
the extrapolations for each line was calculated. For RHPSAM, two
lines were plotted representing the amplitudes at 226.5 and 246.5,
nm against the added concentrations of MTO for each mixture.

3.5. Application to pharmaceutical preparation

Five sachets of Migramax®were mixed and a weight equivalent
to one sachet (0.177mg)was transferred to 100mL volumetric flask,
50mL of solventmixture ofmethanol: water (50:50 v/v)was added,
then the contents of the flask were sonicated for 30min and the
solution was filtered into 100mL volumetric flask. For factorized
spectrum approach, the solution was spiked with 400 mg of MTO
standard and completed to the mark with the same solvent; but for
geometric standard addition approach, no spikingwas required and
the solution was completed to the mark directly. Further dilution
with the same solvent was performed to obtain working standard
solutions where the obtained concentrations were within linearity
range. The solutions were to be assayed by referring to the previ-
ously mentioned procedures. Standard addition technique was
carried out where different known concentrations of pure standard
of each drug were added to the pharmaceutical dosage form before
proceeding in the previously mentioned methods.

4. Results and discussion

This work presented the application of four spectrophotometric
methods applied for the analysis of mixtures containing critical
concentration which lies outside the Beer's law. The proposed
methods were based on either factorized-spectrum approach via
zero order absorption spectrum (ACT-FSD0

DA) and ratio amplitude
difference (ACT-FSRDP); or geometric standard-addition via induced
amplitude modulation (GIAM) and ratio H-point (RHSAM).

4.1. Factorized-spectrum approach

This approach included the application of absorptivity centering
technique via two factorized spectra: zero order absorption spec-
trum (ACT-FSD0) and ratio spectrum (ACT-FSR). In order to apply
(ACT-FSD0) method, the D0 absorption spectra of both drugs were
scanned, where the spectrum of ASP (Y) showed different absor-
bance signals all over the working wavelength range, as shown in
Fig. 1, so MTO was marked as the interfering component (X) with
equal absorbance at 280.5 and 309.5 nm. The factorized spectrum



Fig. 3. Ratio spectra of 30 mg/mL of each ASP and MTO using normalized ASP0 as
divisor.
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of ASP [aY/D aY(ls)]' was prepared using the difference between its
absorbance at (280.5e309.5 nm) where MTO absorbance differ-
ences equal zero at these selected wavelengths, as shown in Fig. 2.
By multiplying the absorbance difference values of each mixture by
the ASP factorized spectrum, the zero order (D0) spectrum of ASP
was recovered. While, D0 spectrum was recovered by subtracting
the previously recovered (D0) spectrum of ASP from the D0spec-
trum of the mixture. The concentrations ASP and MTO were
calculated using their regression equation representing absorbance
at 276.5 nm and 276.0 nm respectively versus their concentrations.

The main advantage of this method (ACT-FSD0
DA) is the

simplicity and minimal manipulation. Complete resolution of bi-
nary mixture showing severe overlapped spectra is performed via
one manipulation step (multiplying by factorized spectrum). The
two components are determined via lmax which increases accu-
racy, sensitivity and decreases instrumental error. The limiting step
Table 1
Experimental results for the analysis of synthetic mixtures using factorized spectrum ap

Mixture Takena (ACT-FSD0
DA)

ASP MTO

ASP MTO Founda R% Founda

1 20 5 19.82 99.10 5.08
2 20 10 19.50 97.50 9.96
3 20 20 20.30 101.50 20.14
4 40 5 39.80 99.50 4.95
5 40 10 39.40 98.50 9.98
6 40 20 40.09 100.23 19.96
7b 90 5 91.60 101.78 5.02
8 90 10 90.80 100.89 10.12
9 90 20 89.52 99.47 20.18

Mean± SD
99.83
1.41

a In mg/mL, average of three experiments.
b Ratio present in pharmaceutical dosage form after spiking with (4 mg/mL) of MTO.
for this method is choosing the two wavelengths where the
absorbance difference of interfering component equals zero.

On the other hand, if the interfering component exhibits
different absorbance signals all over the working wavelength range
(absorbance difference does not equal zero) or if determining its
absorbance difference is critical, then the application of (ACT-
FSD0

DA) method would be hindered and absorptivity centering
technique via factorized ratio spectrum using amplitude difference
(ACT-FSR) should be applied. The ASP was marked as interfering
substance (X). By dividing the mixtures' spectra by normalized
divisor of ASP, in order to eliminate the effect of divisor's choice, the
interference of ASP was eliminated by converting it into a constant
amplitude all over the wavelength range, as shown in Fig. 3. The
ratio amplitude difference of each mixture at the two selected
points used in the preparation of the factorized spectrum (FSRDP) of
MTO (270.5e246.5 nm) were recorded, and then multiplied by
(FSRDP) of MTO in order to recover the ratio spectrum of MTO
present in the mixture, as shown in Fig. 2. By subtracting the ob-
tained ratio spectrum of MTO from the ratio spectrum the mixture,
a constant amplitude, equivalent to the concentration of ASP, was
obtained all over the wavelength range. The concentrations of ASP
and MTO are calculated using the corresponding regression equa-
tion of each of their amplitudes P(max) of MTO at 270.5 nm and
P(constant) of ASP at (275.0e295.0 nm), as shown in Fig. 3. Nine
synthetic mixtures were analyzed using this approach with
accepted recovery percentages and standard deviations as listed in
Table 1.

Absorptivity centering technique using factorized ratio spectrum
(ACT-FSR) could be easily applied for resolving the binary mixtures
since the interfering substance was used as a divisor, thus any two
points at the ratio spectrum of the drug of interest could be used for
getting its factorized ratio spectra without any limitation (unlike
ACT-FSD0) except the contribution of both drugs at the two selected
wavelengths. By scanning the D0 spectra of the drugs of interest, the
analyst can decide which method (ACT-FSD0 or ACT-FSR) to apply
depending on the spectrum of the interfering substance.

The factorized espectrum approach has the advantages of
minimummanipulation steps with high accuracy and sensitivity of
the recovered spectra of the cited drugs through determination of
absorbance or amplitude output signals using lmax. Accordingly, the
critical concentrations of MTO could be easily estimated through
single standard spiking to the dosage form preparation.

4.2. Geometric standard addition approach

This approach included the application of two methods based
on standard addition namely, ratio H-point standard addition
method (RHPSAM) and geometrical induced amplitude modulation
proach.

(ACT-FSRDP)

ASP MTO

R% Founda R% Founda R%

101.60 20.05 100.25 4.92 98.40
99.60 20.14 100.70 10.14 101.40
100.70 19.99 99.95 20.14 100.70
99.00 40.80 102.00 5.08 101.60
99.80 39.52 98.80 10.09 100.90
99.80 39.66 99.15 20.12 100.60
100.40 89.85 99.83 5.06 101.20
101.20 90.55 100.61 10.14 101.40
100.90 91.30 101.44 20.19 100.95
100.33 100.30 100.79
0.84 1.02 0.96



Fig. 4. Plots of ratio H-point standard addition between amplitudes at 226.5 and 246.5 against the added MTO concentrations for sets of 3 synthetic mixtures containing same
concentration of MTO but different concentrations of ASP.

H.M. Lotfy et al. / Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 224 (2020) 1173396
(GIAM), where the relation between the standard added and signal
response was geometrically presented.

In order to apply the (RHPSAM) method, ASP was marked as the
interfering substance due to its relatively higher amplitude signals
than MTO which hindered the later accurate quantitation. The
constant ratio amplitude, corresponding to ASP, was calculated in
the ratio spectra of the mixtures through division by ASP0

normalized divisor, then generating H-point by standard addition
of different concentrations of standard MTO to determine the
proportionality constants corresponding to the critical concentra-
tions of MTO present in mixtures. The amplitudes at 226.5 and
246.5 nmwere selected due to high signal response, and then were
Fig. 5. Plots of ratio H-point standard addition between amplitudes at 226.5 and 246.5 ag
concentration of ASP but different concentrations of MTO.
plotted against the added concentrations of MTO to obtain two
standard addition calibration lines for each mixture, where the two
lines were extrapolated to intercept at the RH point (eCRH; PRH), as
shown in Figs. 4 and 5.The X-coordinate (eCRH) is equivalent to
MTO critical concentration and Y coordinate (PRH) is the concen-
tration of major component ASP. Accordingly, the concentrations of
both components were simultaneously determined using the
geometrical computation of both X and Y coordinates through the
following equations:

CMTO ¼ ðB� AÞ=M1�M2
CASP ¼ M1B�M2A=ðM1�M2Þ
ainst the added MTO concentrations for sets of 3 synthetic mixtures containing same



Table 2
Experimental results for the analysis of synthetic mixtures using geometric standard addition approach.

Mixture no. Takena RHPSAM GIAM

ASP MTO Regression equationb,c r Founda ASP Founda MTO Regression equationb r Founda ASP Founda MTO

1 20 1 P226.5¼ 0.8364xþ 21.035
P246.5¼ 3.3578xþ 23.564

0.9993
0.9989

20.19 1.00 P290¼ 10.623Cþ 32.277
DP¼�33.142C - 33.903

0.9991
0.9989

20.15 1.02

2 20 2 P226.5¼ 0.8394xþ 21.803
P246.5¼ 3.3597xþ 26.88

0.9993
0.9988

20.11 2.01 P290¼ 11.027Cþ 44.586
DP¼�33.024C - 66.888

0.9977
0.9987

20.18 2.02

3 20 3 P226.5¼ 0.8295xþ 22.901
P246.5¼�33.142C - 33.903

0.9987
0.9992

20.51 2.98 P290¼ 11.315Cþ 56.942
DP¼�32.376C - 96.512

0.9987
0.9990

20.51 2.98

4 40 1
P226.5¼ 0.8699xþ 41.3
P246.5¼ 3.3046xþ 43.721

0.9988
0.9984

40.43 0.99
P290¼ 10.491Cþ 52.657
DP¼�33.381Ce32.709

0.9994
0.9988

40.39 0.98

5 40 2
P226.5¼ 0.8986xþ 42.321
P246.5¼ 3.2753xþ 47.102

0.9990
0.9980

40.5 2.051
P290¼ 10.671Cþ 64.264
DP¼�33.099C - 67.749

0.9998
0.9996

39.75 2.05

6 40 3
P226.5¼ 0.8922xþ 43.594
P246.5¼ 3.2397xþ 50.67

0.9990
0.9995

40.9 3.01
P290¼ 10.746Cþ 74.627
DP¼ 33.271C - 98.864

0.9999
0.9996

39.73 2.97

7d 90 1
P226.5¼ 0.8718xþ 89.284
P246.5¼ 3.3057xþ 91.732

0.9988
0.9986

88.40 1.00
P290¼ 10.284Cþ 104.36
DP ¼ ¼ �33.279C - 32.717

0.9987
0.9985

91.65 0.98

8 90 2
P226.5¼ 0.8844xþ 90.088
P246.5¼ 3.2924xþ 95.007

0.9979
0.9982

88.28 2.04
P290¼ 10.461Cþ 116.97
DP¼�33.136C - 65.932

0.9994
0.9977

91.92 1.99

9 90 3
P226.5¼ 0.8682xþ 91.089
P246.5¼ 3.3108xþ 98.401

0.9986
0.9990

88.49 2.99
P290¼ 10.78Cþ 130.61
DP¼�32.915C - 100.54

0.9988
0.9976

90.61 3.05

Mean
R%± SD

100.36± 1.73 100.38± 1.18 100.95± 1.12 100.11± 1.72

a In mg/mL, average of three experiments.
b In regression equations ‘C’ is the added concentration of MTO and DP is difference in amplitudes at (290e30.9.5) nm.
c Ratio present in pharmaceutical dosage form.
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where M1 and M2 are the slopes of the standard addition cali-
bration lines obtained on applying the RHPSAM at 226.5 and
246.5 nm, respectively; A and B are the intercepts of the two cali-
bration lines, respectively. The calculations for each synthetic
mixture were listed in Table 2.

The RHPSAM could be applied for the simultaneous determi-
nation of both components (major and minor) at maximum
amplitude signals in the absence of any constrains in choosing the
Fig. 6. Plots of geometrical induced amplitude modulation (GIAM) between amplitudes at ab
MTO concentrations for different concentrations of synthetic mixtures [ASPþMTO].
two specific wavelengths, as the constant values generated in the
ratio curves are extended along the ratio spectra.

The geometrical induced amplitude modulation (GIAM)method
could be applied for a mixture of a severely overlapping spectra of
two components which exhibit large difference in their absorp-
tivities and no isoabsorpative point. To apply this method, ab-
sorptivity factor point (lF) should be selected; where pairs of
different concentrations of the two components show a crossing
sorptivity factor point (P290) and amplitude differences (DP290e309.5) against the added



Table 3
Application of the proposed spectrophotometric approaches for the analysis of the pharmaceutical formulation.

Methods ASP MTO

Foundc Recovery%± S.D. Pure addedd

Recovery% ± S.D.
Foundc Recovery% ± S.D. Pure addedd

Recovery%± S.D.

ACT-FSD0
DA

a 100.52± 0.85 100.23± 0.66 101.25± 1.75 99.63± 1.63
ACT-FSRDP

a 101.23± 0.77 100.56± 0.91 101.55± 1.64 100.22± 1.22
RHPSAMb 101.15± 0.66 99.25± 0.43 100.55± 0.84 99.66± 0.67
GIAMb 100.98± 0.79 100.25± 0.52 100.25± 0.656 99.63± 0.82

a ASP claimed to be 90 mg/mL and MTO to be 1 mg/mL (after subtraction of spiked MTO concentration equivalent to 4 mg/mL).
b ASP claimed to be 90 mg/mL and MTO to be 1 mg/mL.
c Average of six experiments.
d Average of three experiments (pure added equivalent to 20,35,50 mg/mL of MTO and 5, 8, 10 mg/mL of ASP).
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point where absorptivities are not equal and absorptivity factor (F)
is calculated to be the inverse of the ratio of the used concentra-
tions. The absorptivity factor point (lF) for ASP and MTO was
selected at 290.0 nm where the absorptivity factor (F) was calcu-
lated to be equal to 10 (aASP/aMTO¼ F¼ 10) as shown in Fig. 1.

The ratio spectra obtained from the standard addition procedure
and spectral manipulation procedure of RHPSAM were used. The
amplitudes at absorptivity factor point (PF) 290.0 nm and the
amplitude differences DP (290.0e309.5 nm) were plotted against
the added concentrations of MTO for each mixture where the
extrapolation for each line was calculated, as shown in Fig. 6. By
computing the geometrical extrapolations, the concentrations of
MTO and ASP can be directly calculated through the following
equations:

CMTO ¼ A=M1

CASP ¼
�
B=M2

�
�
�
A=M1

�
*10

where A, B are the intercepts; M1 and M2 are the slopes of the
standard addition calibration lines obtained at (DP290.0e309.5) and
(Pf 290), respectively. The calculations for each synthetic mixture
were listed in Table 2. This method can be applied as an alternative
to RHPSAM as it requires the same manipulation but with much
simpler geometric computation.

Regarding the geometric standard-addition approach, it was
found that the normalized divisor used in the previous methods
simplified the signal/noise ratio and eliminated the factor of the
divisor's choice where the recorded amplitudes were directly
modulated to concentrations. This approach suffers from multiple
manipulation steps (practical preparations and calculations), but it
reflected the importance of applying standard addition, and dis-
carding the spiking process of a single sample (as performed in the
Table 4
Assay parameters and validation sheet for the proposed spectrophotometric approaches

Parameters ASP

Wavelength (nm) D0 276.5 P const
275e295

P 226.5 P 246.5 P290 P 309

Rangea (mg/mL) 15e100 20e100

Slope 0.0066 1.0096 0.9986 1.0036 1.0254 1.
Intercept 0.0015 �0.0608 �0.8025 �0.0214 �0.0341 0.
Correlation coeff. (r) 0.9997 0.9997 0.9996 0.9998 0.9997 0.
Meana 100.20 99.97 100.94 100.96 100.80 10
RSD% 0.796 0.716 0.716 0.759 0.953 1
Accuracya,b 101.13 ± 0.98 99.98± 1.02 99.87± 1.32 99.65± 0.69 100.25± 0.98 100.9
Repeatabilitya,c 0.887 1.147 1.154 0.789 0.887 0
Inter-day precision a,c 0.963 1.229 1.235 1.023 1.102 0
Robustnessa,c,d 1.012 1.003 1.663 0.996 1.003 0

a Average of three experiment.
b Mean± standard deviation of 3 concentrations of each drug.
c Relative standard deviation of 3 concentrations of each drug.
d Robustness were checked by testing the effect of solvent (45, 55, 60% methanol).
first approach) which positively affected the obtained results. The
proposed approaches were successfully applied for the determi-
nation of the laboratory prepared mixtures as shown in Tables 1
and 2.

Both approaches were applied for the analysis of the pharma-
ceutical dosage form. For factorized spectrum approach, spiking
with standard MTO was required to reach linearity range of the
proposed methods, where the final concentrations of ASP and MTO
of the prepared working solutions where the concentration were
90.0 mg/mL and 5.0 mg/mL respectively, after spiking with an
amount of 4.0 mg/mL of standardMTO. On the other hand, therewas
no need for spiking in the geometric standard addition approach, so
the final concentrations of ASP and MTO of the prepared working
solutions where the concentration were 90.0 mg/mL and 1.0 mg/mL
respectively. The results for the analysis of pharmaceutical prepa-
ration and standard addition techniques is listed in Table 3, which
proves the accuracy of the proposed methods and the elimination
of the interference by excipients.

5. Method validation and statistical analysis

The two proposed approaches were validated in compliance
with the ICH guideline [32] including: linearity, range, accuracy,
repeatability, inter-day precision, specificity and robustness. The
data shown in Tables 4 proved that the approaches were accurate,
precise and robust over the mentioned linearity range, while Ta-
bles 1 and 2 proved the specificity of the proposed approaches.

Table 5 showed the calculated F values for the statistical com-
parison of the results obtained by the proposed methods and offi-
cial ones. Table 6 showed one-way ANOVA statistical comparison of
the results obtained by the proposed approaches when applied to
synthetic mixtures with different concentrations. The results from
both tables showed that there was no significant difference
.

MTO

.5 D0 276 P 270.5 P 226.5 P 246.5 P 290 P 309.5

3e40

0321 0.0487 6.9728 1.1201 3.2753 9.4579 41.042
4123 0.0063 10.425 2.4263 3.9188 6.4475 11.299
9995 0.9998 0.9998 0.9998 0.9998 0.9997 0.9995
0.70 99.94 99.91 99.91 99.73 99.70 99.65
.023 1.227 0.758 0.950 1.459 1.774 1.626
9± 0.85 100.98± 1.03 99.74± 0.72 99.06± 0.81 100.11± 0.86 100.93± 1.35 99.96± 1.32
.841 0.685 0.531 0.633 0.752 1.124 1.120
.963 0.778 0.741 0.619 0.888 1.241 1.230
.852 0.736 0.635 0.790 0.761 0.687 0.932



Table 5
Statistical comparison between the results obtained by the proposed method and the official BP methods for the determination of ASP and MTO in pure powder form.

ASP MTO

Factorized spectrum Geometric standard addition Official methoda Factorized
spectrum

Geometric standard addition Official methoda

D0 276.5 P const
275e295

P 226.5 P 246.5 P 290 P 309.5 D0 276 P 270.5 P 226.5 P 246.5 P 290 P 309.5

Mean % 100.20 99.97 100.94 100.96 100.80 100.70 99.58 99.94 99.91 99.91 99.73 99.70 99.65 99.78
Variance 0.6334 0.5132 0.5125 0.5764 0.9081 1.0465 0.3170 1.5061 0.5746 0.9016 2.1285 3.1456 2.6430 0.5270
SEMb 0.325 0.271 0.271 0.310 0.389 0.418 0.252 0.464 0.309 0.388 0.596 0.724 0.664 0.325
n 6 7 7 6 6 6 5 7 6 6 6 6 6 5
F valuec 1.998 1.619 1.617 1.818 2.865 3.301 2.858 1.090 1.711 4.039 5.969 5.015

a BP methods for ASP is acid-base titration method, while for MTO it is potentiometric non-aqueous titration method.
b SEM: Standard error of mean.
c The corresponding tabulated values of F equals to 6.256 (for n¼ 6) and 6.163 (for n¼ 7) at P¼ 0.05.

Table 6
Results of one-way ANOVA for comparison of the proposed methods for the determination of ASP and MTO in synthetic mixtures.

Source of variation Degree of freedom Sum of squares Mean square F valuea P valuea F criticala

ASP Between columns 3 5.654 1.885 1.038 0.389 2.015
Within columns 32 58.123 1.816

Total 35 63.777

MTO
Between columns 3 2.196 0.732

0.490 0.692 2.015Within columns 32 47.821 1.494
Total 35 50.017

a There was no significance difference between the methods using one-way ANOVA at P< 0.05.
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between the proposed approaches with respect to accuracy and
precision.

6. Conclusion

This work presented two spectrophotometric approaches for
the treatment and amplification of the spectral signals exhibited by
the critical concentrations of MTO in its pharmaceutical prepara-
tion with ASP. A novel approach utilizing the factorized spectrum
was introduced namely, absorptivity centering technique via fac-
torized zero order absorption spectrum (ACT-FSD0

DA) and via fac-
torized ratio spectrum (ACT-FSRDP). The obtained results were
compared to those of the methods based on geometrical standard-
addition approach which were: ratio H-point standard addition
method (RHPSAM) and geometrical induced amplitude modulation
(GIAM). All the proposed methods showed acceptable results
regarding accuracy and precision. The advantages and limitations
of the proposed approaches were discussed where the factorized
spectrum approach transcended through its simplicity.
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