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Six simple, sensitive and selective spectrophotometric methods based on mathematical filtration technique are
presented for concurrent determination of aceclofenac (ACE) and paracetamol (PAR) in presence of their
degradation products, namely; diclofenac sodium (DIC) and 4-aminophenol (4-AP), respectively without pre-
liminary physical separation procedures. This technique consists of several consecutive steps applied on built-in
spectrophotometer software utilizing zero and/or derivative and/or ratio spectra of the studied components.
These methods, namely, dual wavelength (DW), induced dual wavelength (IDW), derivative subtraction (DS)
coupled with constant multiplication (CM), ratio difference method (RD), constant center method (CC) and the
novel introduced unlimited derivative ratio method (UDD). This novel method has a very powerful competence
for the analysis of the challengeable mixtures lacking zero crossing point. The linearity, accuracy and precision
ranges of these methods were determined and validated as per ICH guidelines. Moreover, the specificity was
checked by analyzing synthetic mixtures of both drugs. These methods were applied for the determination of the
cited drugs in pharmaceutical formulation and a statistical comparison of the obtained results was made with each
other and with those of reported spectrophotometric method. The comparison of the results of pure powder form
showed that there is no significant difference between the proposed methods and the reported method regarding
both accuracy and precision.

1. Introduction

Aceclofenac (ACE), Fig. 1(a) is an anti-inflammatory non-steroidal
drug with convenient anti-rheumatic and analgesic properties. It is
chemically [[[2-[(2, 6-Dichlorophenyl) amino] phenyl] acetyl] oxy]
acetic acid, utilized in different rheumatoid arthritis, osteoarthritis and
ankylosing spondylitispain conditions [1, 2].

Paracetamol (PAR), Fig. 1(b), is N-(4- hydroxyphenyl) acetamide
possessing analgesic and antipyretic efficacy.

4-aminophenol (4-AP), Fig. 1(c) is the official degradation product
and synthesis impurity of paracetamol which can be produced by the
hydrolysis of paracetamol in high temperature, acidic or basic media [3,
4] conditions. It was reported that 4-aminophenol may cause
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nephrotoxicity and teratogenicity; therefore, its amount should be
strictly controlled [5, 6, 7]. Its concentration is reported to be limited to
0.1% of the PAR [8].

Diclofenac sodium (DIC), Fig. 1 (d) is the reported degradation
product and an active metabolite of aceclofenac. It was reported that DIC
is less potent in controlling pain, has less t; » and more gastric side effects
if compared to aceclofenac [9, 10], therefore, its presence should be
avoided since it affects the potency of the administrated drug.

Literature survey revealed that ACE has been determined in pure and
pharmaceutical formulation using different quantitative methods
including titrimetric [11, 12], spectrophotometric [2, 13] and colori-
metric [14, 15] methods. Aceclofenac's determination was also achieved
in occurrence of its degradation product; diclofenac (DIC) using
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Fig. 1. Structural formula for (a) Aceclofenac, (b) Paracetamol, (c) 4-aminophenol and (d) Diclofenac sodium.

spectrophotometric [16, 17, 18], densitometric [14, 16, 17] and
RP-HPLC [14, 17, 19, 20] methods. While PAR's pure determination was
accomplished via titrimetric [21], spectrophotometric [22, 23, 24] and
florimetric [25] methods. Stability indicating study for PAR was done
using spectrophotometric [26], densitometric [27] and RP- HPLC [7, 28]
methods.

Hifenac- P® tablet containing these studied drugs; ACE and PAR is
used for joint pain, toothache, headache, fever, ear pain, ankylosing
spondylitis, osteoarthritis, arthralgia, rheumatoid arthritis and other
conditions, Where, this mixture has been analyzed by spectrophoto-
metric [29, 30, 31, 32, 33], densitometric [34] and RP-HPLC [31, 35].

No Spectrophotometric methods have been previously studied for the
concurrent determination of the cited drugs in the occurrence of their
degradation products. While, literature survey revealed their stability
study viz HPTLC [36], HPLC [37, 38] and UPLC [39]. But unfortunately,
these stated methods were limited for mixtures containing minute
amount of degradation products.

The UV spectrophotometric determination is one of the most widely
used methods for quantification of drugs in their dosage forms due to its
simplicity, low cost of implementation and wide availability in labora-
tories for quality control. The advantage of UV method over HPLC
method is that the proposed UV method does not require the elaborate
treatment and step up procedures usually associated with chromato-
graphic method. HPLC technique is a typical laboratory separation
technique involving developing method of separation and then imple-
menting that assay to separate individual compounds from a solution.
However, this usually results in multiple solutions that also need to un-
dergo procedures leading to an exponential increase in complexity.
Although HPLC can often simplify and speed up this process, the cost of
developing an HPLC apparatus can become tremendous. Developing an
HPLC apparatus, although much more efficient, is much more costly than
UV assays for separating compounds. This makes it not financially viable
for many small privately-owned laboratories. However, the higher
selectivity and specificity of LC methods may be considered a negative
factor for complex mixtures that need several trials for ensure the sepa-
ration of each drug with accepted system suitability parameters. In
addition, HPLC technique always requires a highly skilled technician to
monitor the column and apparatus setup and make sure that the process
is running exactly as planned. Thus, UV spectrophotometric methods are
a good alternative for HPLC methods in quality control laboratories
lacking HPLC apparatus as in the developing countries. Moreover,
spectrophotometric assisted chemometric is a complex technique and
involves high mathematical level that requires a statistical program to
analyze the data. The results of multivariate analysis are not always easy
to interpret and tend to be based on assumptions that may be difficult to
assess.

In order to meet the challenges of simultaneous determination of
multicomponent separation with high degree of selectivity, analytical
methods based on analytical instrumentation must be employed to
quantitate drug components without any interference of interfering
substances. Thus, many analysts have concentrated to use built-in spec-
trophotometer software and innovative algorithmic mathematical equa-
tions. Resolving mixtures with overlapping spectra was accomplished by
using various spectrophotometric quantitative methods such as

derivative spectrophotometry [40]and induced dual wavelength method
[41]. Lotfy [42] instituted constant center method to attain the
zero-order absorption spectra of both components. Two innovative
methods; extended ratio subtraction methods and ratio difference were
introduced [43, 44] where a well-established ratio subtraction method
[45]was coupled with the former method for determination of binary
mixtures. Derivative ratio spectrophotometry was developed for the
concurrent determination of two components in binary mixtures [46].
Nevado et al. [47]presented a method for ternary mixtures' analysis using
derivative ratio spectra zero-crossing based on measuring the amplitude
at zero-crossing points in derivative ratio spectra [48, 49, 50, 51]. Dinc et
al [50, 52] presented double divisor-ratio spectra derivative method
using a “double divisor” method for ternary mixtures' analysis. Lotfy et al
[53, 54] presented derivative subtraction method coupled with constant
multiplication to obtain the derivative spectrum of each component in
binary mixture.

Due to the importance of the studied dosage form comprising the
proposed drugs and its widely recommendation as pain-killer and the
degradation products' undesirable effects, this work is focused on
developing simple, accurate, selective UV stability indicating spectro-
photometric methods with optimum efficiency and maximum resolution
power enabling the selective determination of ACE and PAR in their
mixture and in presence of wider range of degradation products using
built-in spectrophotometric software. These spectrophotometric methods
and the scheme of their application were summarized as schematic dia-
gram mentioned in Fig. 2. The present work couples both resolution
(eliminating the overlapped spectra to get less complicated mixture) and
quantitative methods (quantifying the active ingredients). Thus, a novel
spectrophotometric method namely; unlimited derivative ratio was pre-
sented for multicomponent mixtures without searching for zero-crossing
points. In addition, the other proposed spectrophotometric methods were
centered on exploiting the absorbance difference of zero order absorption
spectra and constants of the ratio spectra.

Furthermore, this study is devoted to compare the accuracy and
precision of the recommended methods in relation to the extent of
overlapping of absorption bands and to check the possibility of deter-
mination of the individual components from its zero, ratio and derivative
ratio manipulation. The applied spectrophotometric methods are labor,
time saving and also considered a cheap substitute for the overpriced
HPLC technique. On the other hand, sophisticated chemometric pro-
cedures are not required [52, 55, 56]. Subsequently, the effectiveness of
the proposed methods had been confirmed through conducting a
comparative study between them and the previously reported one.
Validation of the developed methods was performed according to ICH
guidelines [57]to assure their appropriateness for the intended use. In
addition, the reliability and feasibility of these methods were evaluated,
focusing on routine quality control analysis.

2. Theory
2.1. Unlimited derivative ratio(UDD)

The method is a novel method dealing with the resolution of ternary
mixtures using minimum mathematical steps and minimum limitation
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Fig. 2. Schematic diagram for the analysis of ACE and PAR in the presence of their degradation products using different spectrophotometric methods.

such as the presence of isobsorptive point or extension of one of the
components of the mixture. This method is considered as an extension to
induced dual wavelength (IDW), Induced ratio difference (IRD) [58] and
differential dual wavelength (DDWL) [59] methods for determination of
severely overlapped binary mixtures in zero order, derivative and ratio
spectra via difference between two wavelengths to ignore the contribu-
tion of one of interfering components in the mixtures lacking of equal
response at these selected wavelengths. The proposed method was
applied for simultaneous determination of ternary mixtures of X, Y and Z
as summarized in the following equation;

[Am] = [axCx] + [ayCy] + [azCz] @

where, Ay, is the absorbance of the mixture of X + Y + Z, ax, ay and az are
the absorptivities of X, Yand Z respectively; Cx, Cyand Cz are their
respective concentrations. The derivative ratio spectra obtained using
component Z as a divisor

Py, = [axCx] / a,C,+ [ay Cy] / a,C,+ [azCz] / 2,C, (2)
Pm=Px+ Py +Pz 3)

where, (Py,) is the amplitude of derivative ratio spectrum of the mixture,
Py, Py and Pz are the amplitude of component X, Y and Z respectively.
For determination of X, two wavelengths were selected in the deriv-
ative ratio spectra of the ternary mixture X,Y and Z (using any derivative
order either first, second, third, fourth) A significant amplitude differ-
ence between the two selected wavelengths in the ratio spectra of pure X
should be present while Z is zero (derivative of constant is zero).

P = Px; + Py at Ay where, P,; = zero (€))
P2 = Pxs + Py at A, where, P, = zero 5)

To cancel the effect of Y at the two selected wavelengths, the equality
factor of pure derivative ratio spectra of Y at these wavelengths (Fy) is
calculated which is the average of ratio between the two recorded am-
plitudes of different concentrations of Y at the chosen wavelength pair of
X using the same derivative order of its ratio spectra using Z as a divisor.

Fy =Py1 /Py (6)

.. Py 1 = FyPy 5 (where F > 1 or <1) (@)
By substituting in Eq. (4)

Pmi = Px1 + FyPy2 (8)
By multiplying Eq. (5) by Fy

FyPmy = FyPxo+ FyPy; )

And by calculating the difference, Equation(8) — (9), FyPys will be
cancelled:

AP (P — FyPn2) = Pxi- FyPx2 (10)

Eq. (10) indicated that the response difference of the derivative ratio
spectra of the ternary mixture X, Y and Z is dependent only on X and is
independent on Y, thus the amplitude difference at wavelength pair are
plotted against Cx. The concentration of X is calculated using the
regression equation (obtained by plotting the amplitude difference
values of the derivative ratio spectra of X obtained after division by the
spectra of Z at the two chosen wavelengths (AP = P; — FyP5) against the
corresponding concentrations X.

The concentration of Y is calculated using the same procedure after
calculating the equality factor of pure X (Fx) at the two chosen wave-
lengths for Y.

Unlimited derivative ratio method (UDD) used for the resolution of
ternary mixtures lacking of zero crossing is advantageous over derivative
ratio method of these mixtures as it is more reliable with respect to utility
and sensitivity without searching for the critical point either zero
crossing point or coincident point [47]for the separated peaks, the
maximum amplitude of the separated peaks could be measured. In
addition, UDD beats the main drawbacks of successive derivative ratio
spectrophotometry [60]for ternary mixture's analysis which requires the
use of multiple divisors and several manipulating steps and it is also
superior over differential derivative ratio [59]that was applied on de-
rivative spectra thus enhancing signal to noise ratio.
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3. Experimental
3.1. Apparatus and software

A double-beam UV/Visible spectrophotometer model Shimadzu (UV-
1800), Japan was used. The absorption spectra of the standard and the
tested solutions were scanned in 1.0 cm quartz cells over the range
200.0-400.0 nm at room temperature using spectra manager software.

3.2. Samples and solvents

Aceclofenac (ACE) and paracetamol (PAR) pure samples were sup-
plied by Al-Amriya Pharmaceutical Industries, Al-Amriya, Alexandria.
The purity was certified to be 99.76 + 1.44 and 99.07 + 1.33, respec-
tively; according to their reported method [29].

Diclofenac sodium (DIC) was supplied kindly by El Nasr pharma-
ceutical Co., Cairo, Egypt and its purity was certified to be 99.58 + 1.25,
according to the reported method [61].

4- Aminophenol (4-AP) official impurity was kindly supplied by Glaxo
Smithkline, Cairo, Egypt and its purity was certified to be 100.01 =+ 0.20.

Hifenac-P® tablets dosage form, batch number: 737132, labeled to
comprise 100.0 mg aceclofenac and 325.0 mg paracetamol, was manu-
factured by INTAS Life sciences, India. They were bought from the Indian
market.

Spectroscopic analytical grade methanol was purchased from El Nasr
pharmaceutical Co., Cairo, Egypt.

3.3. Procedure

3.3.1. Standard solutions

Stock standard solutions comprising 100.0 pg/mL of ACE, PAR, 4-AP
and DIC were prepared separately in 100-mL volumetric flasks by dis-
solving 10.0 mg of each standard powder in methanol and then
completed to the volume by the same solvent.

Working standard solutions (50.0 pg/mL) of ACE, PAR, 4-AP and
(10.0 pg/mL) of DIC were prepared by suitable diluting the primary stock
solutions with methanol.

3.3.2. Spectral characteristics and methods' selection

The zero-order absorption spectra (D®) of 10.0 pg/mL for each of ACE,
PAR, 4-AP and 1.2 pg/mL of DIC were prepared from their working stock
solution and scanned against methanol as a blank at region 200.0-400.0
nm and overlaid on each other using UV probe spectrophotometer soft-
ware to identify the extend of overlapping and suggest the proper
methods for the cited drugs' analysis.

3.3.3. Analysis of synthetic mixtures in laboratory

Testing the specificity of the proposed spectrophotometric methods
was attained by mixing accurate portions of ACE, PAR, 4-AP and DIC and
transferring them to a series of 10- mL volumetric flasks using methanol
as a solvent.

3.3.4. Preparation of pharmaceutical formulation solution

Ten Hifenac-P® tablets were powdered and a portion equivalent to
10.0 mg of ACE and 32.5 mg of PAR was weighed accurately and
transferred to a 100-mL beaker. Then, 30 mL of methanol was added,
sonicated using ultrasonic bath for 15 min and filtered through 0.5 pm
Whatman filter into a 100-mL volumetric flask. The residue was washed
three times each time with 15 mL of methanol and the solution was
completed to the mark with methanol. Appropriate dilution was done
using methanol obtaining a solution claimed to contain 10.0 pg/mL ACE
and 32.5 pg/mL PAR. Finally, aliquots equivalent to 3 mL were then
transferred accurately into 10 mL volumetric flask and completed to the
mark with methanol.
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3.4. Validation

Validation of the proposed methods was performed according to ICH
guidelines [57].

3.4.1. Linearity and calibration graphs

Accurately measured aliquots of ACE and PAR were transferred from
their working standard solutions into two separate series of 10-mL
volumetric flasks and the volumes were adjusted to the mark with
methanol. Calibration standards were prepared over concentration
ranges 3.0-30.0 pg/mL of ACE and 1.0-14.0 ug/mL of PAR. Solutions
scanned from 200.0 to 400.0 nm and the obtained D° spectra were saved
on the computer.

Dual wavelength (DW): The calibration graph's regression equation
was computed relating the absorbance differences at 248.5 nm and 302.0
nm of the stored spectra against PAR's corresponding concentrations.

Induced dual wavelength (IDW): The calibration graph's regression
equation was computed relating the absorbance difference (Ayy7.4-
FAz4s5) and ACE's corresponding concentrations, where (F) is the
equality factor of pure PAR which was calculated by getting the ratio of
absorbance of diverse PAR concentrations at 248.5 nm and 277.4 nm and
found to be equal to 0.185.

Derivative subtraction (DS) coupled with constant multiplication
(CM): The calibration graphs' regression equations were computed
relating the first derivative spectra's peak amplitudes (peak to peak) of
ACE and PAR at Poyg1 0.297.0 and P36.0.262.0 Versus their concentrations,
respectively using A\ = 4 and scaling factor = 10.

Ratio difference (RD): The calibration graphs' regression equations
were computed relating the amplitude differences of the ratio spectra at
249.5 and 281.0 nm for ACE and 249.0 and 280.0 nm for PAR using
standard solution of PAR (8.0 pg/mL) and ACE (15.0 pg/mL) as divisors,
respectively versus their corresponding concentrations.

Constant center (CC): The calibration graphs' regression equations
were computed relating amplitude difference at (249.0 nm and 280.0
nm) against amplitudes at 249.0 nm for ACE's determination and (249.5
nm and 281.0 nm) against amplitudes at 281.0 nm for PAR's determi-
nation. Another two regression equations of calibration graphs were
computed relating the absorbance of the zero order spectra at maxima
277.2 nm for ACE and 248.6 nm for PAR were plotted versus their cor-
responding concentrations.

Unlimited derivative ratio (UDD): The calibration graph's regression
equation was computed relating the amplitude difference at 216.1 nm
and 308.4 nm (P316.1-FP30g.4) of the second derivative (DD?) of ratio
spectra of ACE using PAR's standard solution (8.0 pg/mL) as a divisor at
A\ = 8 and scaling factor = 100 where (F) is the equality factor of pure
DIC which was calculated by getting the ratio of amplitudes of different
concentrations of pure DIC using PAR as a divisor at 216.1 nm and 308.4
nm and found to be equal 1.02.

3.4.2. Accuracy

Checking the accuracy of the developed methods was performed
through analyzing three replicates of different ACE'sand PAR's concen-
trations. The concentrations were obtained from the corresponding
regression equation for each method, from which the percentage re-
coveries suggested good accuracy of the proposed methods.

3.4.3. Repeatability

Intra-daily analysis of three concentrations of ACE and PAR for three
times was accomplished using the proposed methods. Calculation of
relative standard deviations was performed.

3.4.4. Intermediate precision

The previous procedures were repeated inter-daily on three different
days for the analysis of the three chosen concentrations. Calculation of
relative standard deviations was performed.
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3.4.5. Specificity

The prepared mixtures' spectra containing diverse ratios of ACE, PAR,
4-AP and DIC were scanned against methanol as blank over wavelength
range 200.0-400.0 nm. The normalized zero order spectrum of 4-AP is
obtained by dividing the spectrum of known concentration by its con-
centration value. The first derivative spectra of 4-AP and PAR (8.0 pg/
mL) standard solution were obtained using AL = 4 and scaling factor =
10.

3.4.5.1. Resolution of proposed mixtures from PAR degradation pro-
duct. For each prepared mixture, the derivative of the scanned spectrum
was divided by standard solution's derivative spectrum of normalized 4-
AP. From the obtained ratio spectra, the measured constant at plateau
region at 324.0nm -325.0 nm was multiplied by the divisor's zero spec-
trum of normalized 4-AP to obtain the recovered zero order spectrum of
4-AP. Then, the resolved mixture's zero order spectra oY (containing
ACE, PAR and DIC) could be obtained after subtraction of the obtained
zero order spectrum of 4-AP for each mixture from its corresponding
mixture to apply data recommended methods on resolved zero order
absorption spectrum of each mixture.

After data processing of the proposed resolved spectrum of each
mixture, the concentrations of targeting drugs ACE and PAR were
calculated from the corresponding regression equation constructed in
linearity and calibration graph of each method.

Dual wavelength (DW): The stored resolved laboratory prepared
mixtures' zero order spectra were computed and the differences in
absorbance at 248.5 nm and 302.0 nm were recorded for PAR.

Induced Dual wavelength (IDW): The stored resolved laboratory
prepared mixtures' zero order spectra were computed and the absorbance
difference (AA) at 248.5 nm and 277.4 nm, after multiplying by F, was
calculated (As77.4-FAo4g5).

Derivative subtraction (DS)coupled with constant multiplication
(DS-CM): For each resolved zero order mixture, derivative manipulation
was applied using AA = 4 nm and scaling factor = 10, a ratio spectrum
was obtained by dividing the resolved laboratory prepared mixtures' first
derivative spectra by the first derivative spectrum of PAR' (8.0 pg/mL)
standard solution, where, the obtained amplitude in the plateau region
(the constant) at 319.5-323.0 nm was recorded and multiplied by the
divisor PAR' (8.0 pg/mL) to get first order derivative spectrum of PAR
with Prayx-min (P236.0 nm-262.0 nm)-

ACE's derivative spectrum could be then obtained through subtract-
ing either the obtained PAR's spectrum from the mixture's first order
derivative spectrum or the constant from the obtained ratio spectra then
multiplying by PAR' (8.0 pg/mL) to possess Pmax-min (P261.0 nm-297.0 nm).

Ratio difference (RD): The stored resolved laboratory prepared
mixtures' zero order spectra was divided separately by the absorption
spectra of standard ACE (15.0 pg/mL) and PAR (8.0 pg/mL). The am-
plitudes of the ratio spectra were recorded at [249.0 nm and 280.0 nm]
for PAR and [249.5 nm and 281.0 nm] for ACE.

Constant center (CC): Using the previously manipulated ratio spectra
in RD method. The obtained ratio spectrum of ACE was recorded at
[249.5 nm and 281.0 nm]. The postulated amplitude at 281.0 nm was
calculated using the corresponding regression equation, then after sub-
tracting the mixtures' postulated amplitudes from their recorded ampli-
tudes a constant value was obtained which was then been multiplied by
the spectra of 8.0 ug/ml standard PAR to obtain the original zero order
absorption spectra of PAR. While the recovered D° of ACE in each
mixture was obtained using analog procedures using the constructed
regression equation of ratio spectra of PAR at [249.0 nm and 280.0 nm]
versus 249.0 nm.

Unlimited derivative ratio method (UDD): The resolved zero order of
each mixture were divided by the absorption spectra of standard solution
of PAR' (8.0 pg/mL) and then the second derivative (DDZ) of the obtained
spectra was recorded. The amplitude difference at 216.1 nm and 308.4
nm for ACE after multiplying by F, was calculated (P216.1-FP308.4)-
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3.4.6. Application to pharmaceutical formulation and its accuracy

The proposed methods were applied for the analysis of the pharma-
ceutical preparation solution previously prepared in 3.3.4. using the
procedures mentioned under each method for the laboratory prepared
mixtures' analysis for each method; the concentrations of the citeddrugs
were calculated from the corresponding regression equations. The ac-
curacy of the results was confirmed by standard addition technique using
tablets solution spiked by pure ACE and PAR, separately.

4. Results and discussion

Different applied spectrophotometric methods as ratio spectra spec-
trophotometry, derivative spectrophotometry, and chemometric tech-
niques are found to be fundamental in the quality control laboratories
and in regular marketable products' analysis. It was found out that these
spectrophotometric methods are superior and advantageous over other
analytical employed techniques such as GC-MS, LC-MS and LC-NMR
which permanently necessitate former extraction, separation steps and
other tiresome set up measures. Moreover, the related techniques
employed to complex components always pass through many problems
such as high expenses and time consumption. Considering all stated
obstacles, the quantitative resolution of the complex mixtures possessing
more than two compounds with spectral overlapping by spectrophoto-
metric methods is a motivated issue for the analytical chemistry field.
Moreover, the rapid, sensitive and easy application using the prevailed
spectrophotometric methods made them very economical for mixtures'
analysis.

No stability indicating spectrophotometric methods have been pre-
viously reported for the analysis of this proposed co-formulated drug.
While only few publications implementing chromatographic methods
have been reported for their concurrent analysis in the occurrence of
0.2% diclofenac and 0.5% 4-AP. Meanwhile the aim of this study is to
develop stability indicating spectrophotometric methods able to deter-
mine the cited drugs with a high efficiency and good selectivity along
with a higher existing percent of their degradates which have been
summarized in Fig. 2.

4.1. Spectral characteristics and challenges

The absorption spectra of the studied compounds, ACE, PAR and their
degradation products; DIC and 4-AP are overlapped in the UV region
200.0-350.0nm. While PAR's degradation product; 4-AP was found to be
more extended over the rest of the components at 318.0-327.0 nm. In
addition, the very close structure of ACE and DIC provides a very tiny
dissimilarity of their zero order spectra with almost the same geometric
features but with different absorptivities in the region 200.0-310.0 nm as
presented in Fig. 3. For this reason, the determination of the above
compounds without any interference from their degradation products
wasn't possible by direct measurements of absorbance in the zero-order
spectra. The coupling of resolution technique followed by data process-
ing of the resolved less complicated spectra acts as pivotal strategy in
spectrophotometric technique to analyze complex mixtures. Thus, the
first derivative spectra of these compounds show that 4-AP has more
extension region over the other components which augment its elimi-
nation via derivative subtraction technique. Resolution efficiency of the
conventional, recently developed methods and novel unlimited deriva-
tive ratio method (UDD) was tested for simultaneous determination of
these compoundsin the same mixture.

4.2. Methods development

Mathematical derivatization of the recorded UV spectra leads to
several maxima and minima and the obtained derivative curves of the
studied drugs and their degradation products are more extended than the
recorded zero order absorption spectrum, thus providing a wide exten-
sion between 4-AP and other spectra. The overlapped spectra can be
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Fig. 3. Zero-order spectra of 10.0 ug/mL of ACE (—) PAR (....), and 4-aminophenol (- — -) and 1.2 pg/mL of DIC (-. -.-), separately in methanol.

resolved via elimination of 4-AP followed by the quantification of cited
active ingredients using suitable recommended methods.

4.2.1. Elimination of 4-AP to get the resolved mixtures' spectra of ACE, PAR
and DIC

For each prepared mixture, the derivative of the scanned spectrum
was divided by normalized 4-AP standard solution's derivative spectrum
(obtained via division of the derivative spectrum by its labelled con-
centration). The recorded constant obtained from the plateau region at
324.0-325.0 nm represents its concentration directly without the need of
any equation according to concentration value method [62, 63]. This
recorded concentration of the degradation product of PAR could be used
as a confirmatory index for the obtained concentration of the estimated
PAR in each mixture since both concentrations were complementary to
each other.

This recorded constant value could be also multiplied by the divisor's
zero spectrum (D) of normalized 4-AP to obtain the recovered zero order
absorption spectrum of 4-AP.

Normalized spectrum of 4-AP was found to be the most suitable di-
visor for the method; thus the results are not affected by the choice of
divisor and it gave large constant value even in presence of low con-
centration of 4-AP.

The resolved D° of each mixture of ACE, DIC and PAR shown in Fig. 4
can be obtained via subtracting the recovered D° spectrum of 4-AP
(DEGpaR) from its corresponding mixture then successively analyze the

Abzorbance

resolved mixture by other methods.

The two cited drugs ACE and PAR could be simultaneously deter-
mined in the absence of DEGpar by dual wavelength, induced dual
wavelength, derivative subtraction coupled with constant multiplication,
ratio difference and constant center method. By substitution in the pro-
posed regression equation of each method listed in Table 1, the con-
centrations of ACE and PAR are calculated.

4.3. Dual wavelength method (DW)

The dual wavelength spectrophotometric method was applied for the
analysis of PAR in the resolved mixtures of cited drugs in presence of DIC
by selecting two wavelengths (248.5 nm and 302.0 nm) on the resolved
zero order spectrum (D% of mixture at which the difference in absor-
bance is zero for both ACE and DIC (Fig. 5). The difference in absorbance
at the selected pair of wavelengths was calculated and plotted against the
corresponding PAR's concentrations then its concentration could be
determined via substitution in the proposed regression equation shown
in Table 1. This method isn't applicable for determination of ACE in these
mixtures with PAR due to lack of two wavelengths having equal absor-
bance values for PAR.

4.4. Induced dual wavelength method (IDW)

The aim of developing this method was to enhance the specificity of

DD DD

Wavdensth (nmj)

Fig. 4. Resolved zero-order spectra of 10.0 ug/mL of ACE (—) PAR (....) and 1.2 pg/mL of DIC (~. ~.), separately in methanol.
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Table 1
Assay parameters and results of determination of pure samples of ACE and PAR by the proposed methods.
ACE PAR
RD CcC IDW DS-CM UDD RD CcC DwW DS-CM
Linearity (pg/ml) 3.0-30.0 3.0-30.0 3.0-30.0 3.0-30.0 3.0-30.0 1.0-14.0 1.0-14.0 1.0-14.0 1.0-14.0
Slope 0.232 0.0365 0.0345 0.0025 0.0365 0.4089 0.0946 0.09 0.0076
Intercept 0.017 0.0095 -0.0042 0.0003 0.238 0.0614 0.016 0.0101 0.0006
Correlation coefficient 0.9999 0.9997 1.0000 1.0000 0.9998 0.9997 0.9997 0.9997 0.9998
(O]
Accuracy(Mean + SD) 100.23 + 99.91 + 100.41 + 99.88 + 100.56 + 101.42 + 99.74 + 101.54 + 100.16 +
1.43 0.17 1.38 1.28 0.92 0.52 0.26 0.28 1.20
*RSD% ? 1.383 0.158 1.257 1.447 1.232 0.666 0.081 0.979 0.284
**RSD% 1.410 0.250 1.521 1.232 1.405 0.684 0.051 0.948 0.289
* RSD%?, **RSD%?: the intra-day & inter-day respectively (n = 3) relative standard deviation of concentrations (9.0, 15.0, 24.0 pg/mL for ACE and 6.0, 10.0, 12.0 pg/
mL for PAR).

ACE compared to the conventional DW method which is suitable only for
determining PAR. Two wavelengths, 248.5 nm and 277.4 nm were
selected on ACE absorption spectrum. The equality factor (F) was
calculated from the spectrum of pure PAR at two selected wavelengths (F
= [Ag4g5/A277.4] = 0.185). This factor succeeded to equalize the

ol

absorbance of the interfering substance (PAR) at the two selected
wavelengths, while the absorbance of ACE was different. The AA of the
mixture's zero order spectra at 248.5 nm and 277.4 nm, after multiplying
the later by F was calculated and was related to ACE, while PAR was
eliminated, as shown in (Fig. 6). By substitution in the specified

248.5nm

41.000

Abzorbance

o pmeemdeE

il

o .ooo

fr—m L i a

b

ZE0 .00
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Fig. 5. Zero-order spectra of 10.0 pg/mL of ACE (—) and PAR (....), separately in methanol
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Fig. 6. Zero-order spectra of 10.0 pg/mL of ACE (—) and PAR (....), separately in methanol.
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regression equation shown in Table 1, the concentration of ACE was
calculated.

4.5. Derivative subtraction method (DS) coupled with constant
multiplication (CM)

This method has been applied at first order derivative spectrum of the
resolved mixtures. DS-CM has the advantage of being more selective as
the extended part of PAR in the mixture becomes more obvious within a
wavelength range of 319.5-323.0 nm shown in Fig. 7 and the concen-
tration of the extended component is calculated using Pmaxima-minima Of
first derivative spectra, thus decreasing the error and increasing the
sensitivity of the method. ACE's concentration was calculated by substi-
tution in its regression equation which represents a linear relationship
between the peak amplitudes at 261.0 nm and 297.0 nm (P27 ¢-297-0) and
ACE's corresponding concentrations, Table 1. While, the concentration of
PAR was calculated by substitution in its regression equation represent-
ing the linear relationship between peak amplitudes at 236.0 nm and
262.0 nm (P236.0-262.0) against PAR's corresponding concentrations,

Heliyon 5 (2019) e01669

Table 1.

4.6. Ratio difference method (RD)

Ratio difference method (RD) was applied for the analysis of mixtures
of ACE and PAR in presence of official impurity of PAR (4-AP) only. This
method is simple, accurate, economic and time saving with few applied
manipulation steps. RD method is efficient in solving the completely
overlapped spectra without former separation; meanwhile it does not
require any complicated apparatus or particular computer programs. The
chief principle of the RD spectrophotometry is that the mixture's ab-
sorption spectrum was obtained and divided by the absorption spectrum
of the standard solution of one of the components obtaining its corre-
sponding ratio spectrum. Using the difference between two selected
wavelengths cancelling the interfering substance thus consequently
showing no interference. The amplitude difference value will be corre-
sponding to the drug of interest.

The selected divisors; PAR (8.0 pg/mL) and ACE (15.0 pg/mL)
compromise between minimal noise and maximum sensitivity. Two

D SO -

Peak Amnlitude

Er_a Lo Wa Ll =250 00

Wavelength (nm)

Fig. 7. First derivative (DY spectra of 10.0 pg/mL of ACE (—) and PAR (....), separately in methanol.
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Fig. 8. Ratio spectra of 10.0 pg/mL of ACE (—) and PAR (....) and their binary mixture (- —-), separately in methanol, using spectrum of PAR (8.0 pg/mL) as a divisor
showing the two selected wavelengths (249.5 nm and 281.0 nm).
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Fig. 9. Ratio spectra of 10.0 pg/mL of ACE (—) and PAR (....) and their binary mixture (- — -), separately in methanol, using spectrum of ACE (15.0 pg/mL) as a

divisor showing the two selected wavelengths (249.0 nm and 280.0 nm).

points are selected on the ratio spectrum of a mixture at which the dif-
ference in amplitude is significant for the component of interest and
eliminating the contribution of the interfering component. Two pairs of
wavelengths, 249.5 nm and 281.0 nm were selected for ACE determi-
nation in the mixture using PAR (8.0 pg/mL) as a divisor (Fig. 8). Simi-
larly, the amplitudes at 249.0 nm and 280.0 nm were selected for PAR
estimation in the mixture using ACE (15.0 pg/mL) as a divisor (Fig. 9).
Calculation of the concentration of the cited drugs was achieved by
substituting in their respective regression equations presented in Table 1.

4.7. Constant center method (CC)

This method was applied on the ratio spectra using the drug of

interest as a divisor. Two pairs of wavelengths were selected. Thus, for
ACE, the absorption spectrum of ACE' (15.0 pg/mL) was used as a divisor
using 249.0 nm and 280.0 nm. By substituting in the equation repre-
senting the linear relationship between the ratio difference of ratio
spectra at 249.0 nm and 280.0 nm versus the corresponding amplitudes
at 249.0 nm for different concentrations of PAR, the postulated ratio
amplitude value of (PAR/ACE’) was obtained.

AP = 0.938P; - 0.0073 (> = 1) 1n

where; AP is the difference between the amplitudes at 249.0 nm and
280.0 nm of the ratio spectra of different concentrations of PAR
(1.0-14.0 pg/mL) using 15.0 pg/mL ACE as a divisor.

The constant value (C.V.) was calculated by measuring the difference

i ] - T T —]
& O . O
b=
£
g
- 216.1 nm 308.4 nm
&
R -2 000 - -
- OO - =1
-3, T i .
o000 =g .00 _OO .00 mao . oo

War length (nm)

Fig. 10. 2DDspectra of 10.0 pg/mL of ACE (—) PAR (....) and 1.2 pg/mL of DIC (-. -. -), separately in methanol using spectrum of PAR (8.0 pg/mL) as a divisor showing

the two selected wavelengths (216.1 nm and 308.4 nm).
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between the recorded and postulated amplitudes at 249.0 nm; [Precorded]
- [P postulated]~

Where; P recorded iS the recorded amplitude of the ratio spectrum of the
laboratory prepared mixture using 15.0 ug/mL ACE' as a divisor at 249.0
nm and Pposulated i the calculated amplitude using the specified
regression equation.

The recovered zero order absorption spectrum (D% of ACE in the
mixture could be obtained by multiplying the obtained constant (ACE/
ACE') of each mixture by ACE' (the divisor), which is used for direct
determination of ACE at its maxima 277.2 nm, Table 1.

Determination of PAR was done by performing the same previous
steps but by using a spectrum of 8.0pg/mL PAR as a divisor at (249.5 nm
and 281.0 nm) versus 281.0 nm to calculate the constant value of PAR via
amplitude difference.

101.13 + 0.60
100.98 + 1.75

DS-CM
100.30
101.25
101.74
101.25
DS-CM
102.00
101.99
98.95

99.84 + 0.61
101.16 + 1.05

DW
99.40
99.23
100.35
100.38
DW
101.75
101.80
99.95

AP = 0.9334P; + 0.0029 (> = 1) (12)

101.12 + 0.53

CC
100.90
100.50
101.40
101.71
CC

where; AP is the difference between the amplitudes at 281.0 nm and
249.5 nm of the ratio spectra of different concentrations of ACE
(3.0-30.0 pg/mL) using 8.0 pg/mL PAR as a divisor.

The recovered zero order absorption spectrum (D% of PAR in the
mixture could be then determined at 248.6 nm, Table 1.

Paracetamol (PAR)
Paracetamol (PAR)

100.05 + 0.43
99.74 + 1.90

100.29
99.42
100.16
100.35
RD
99.00
98.32
101.90

4.8. Unlimited derivative ratio method (UDD)

This is a novel approach for the analysis of challengeable ternary
mixtures or resolved ternary mixture (quaternary mixture after elimi-
nating the extended component). The target of developing this method
was to enhance the specificity of the quantification of ACE in presence of
its degradation products (DIC) relative to the conventional derivative
ratio method which isn't suitable for determination of ACE in presence of
PAR and DIC by using PAR (8.0 pg/mL) as a divisor. Apply derivatization
using optimum studied parameters those second derivative ratio, AL = 8
nm and scaling factor = 10 two wavelengths, at 216.1 nm and 308.4 nm
and found to be equal 1.02; (F = [P216.1/P308.4] = 1.02). This factor
succeeded to equalize the amplitude of the degradation product (DIC) at
the two selected wavelengths, while the amplitude of ACE was different.
The AP of the mixture's second order derivative spectra at 216.1 nm and
308.4 nm, after multiplying the later by F was calculated and was related
to DIC, while PAR was eliminated since it is a constant. By substitution in
the specified regression equation shown in Table 1, the concentration of
ACE was calculated.

For all the following measurements, spectra of 8.0 ug/mL PAR were
used as standard divisor. These guaranteed the best concession in terms
of sensitivity, repeatability and signal to noise ratio. The effect of A\ for
plotting the derivative of the ratio spectra was tried out to attain the
wavelength's best interval. Al value highly affects the shape and position
of peaks of the analyzed compound as well as the position of the two
equal amplitudes points of the other compound in the mixture. In some
cases, this effect is remarkable in that only a single A\ value can be
successful while others give poor resolution; therefore, we can conclude
that the effect of divisor concentration is chiefly a matter of sensitivity,
while the effect of A\ is chiefly a matter of resolution. In this studied
mixture, AL = 8 nm was the optimum for all determinations. For each
compound, 2 points could be successfully used for the specific determi-
nation of ACE where the other compounds showed no interference as
shown in Fig. 10.

Using higher derivatives gives a great opportunity for selecting more
appropriate wavelengths from a larger range of possibilities; thus, the
2DD mode was useful for the resolution of this mixture. The influence of
the diverse parameters was considered to augment the signal of the de-
rivative ratio spectra; i.e., to provide good selectivity and higher sensi-
tivity in the determination. Testing the effect of the concentration's
divisor on the calibration graphs was studied. When the divisor's con-
centration is decreased or increased, the resulting derivative values are
proportionately increased or decreased, respectively, although the

UDD
100.10
99.95
99.05
100.23
99.83 + 0.53
UDD
100.21
99.98
100.02
100.07 + 0.12

DS-CM
101.20

98.99

99.69 + 1.16
DS-CM

100.00
98.58

IDW

100.33

98.00

100.66
101.00
99.99 + 1.35

IDW

CC

99.10

99.25

99.66

100.95

99.74 + 0.84

CC

Recovery%
Aceclofenac (ACE)
101.34

98.00

100.00

99.48

99.70 + 1.38
Recovery%
Aceclofenac (ACE)

RD

PAR
13.0
12.0
9.75
12.0

Concentration
(ug/ml)

ACE

4.0

3.0

6.0

6.0
ACE:DIC:PAR:4-AP
3.75:0.25:10:3
3.5:0.5:6.5:6.5
3:1:1:12

%4-AP
2.

50
92.3

Ratio found in pharmaceutical dosage form.

Aceclofenac and paracetamol in absence of their degradation products
Aceclofenac and paracetamol in presence of their degradation products

ACE: PAR
1:3.25*

1:4

2:3.25

1:2

Mean + SD
% Degradation
%DIC

6.25

12.5

25

Mean + SD

*

Determination of the studied drugs in laboratory prepared mixtures by the proposed methods.

Table 2
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maxima and minima remain at the same wavelengths.

By comparing the developed methods, successive resolution tech-
nique by eliminating one or more of the interfering components in the
mixtures by the mathematic filtration using the spectrophotometer
software has a great power in the analysis of the complicated mixture
with overlapped spectra to get more simple resolved mixture which can
be successively analyzed by the simple spectrophotometric methods. The
efficiency and spectral resolution power of the spectrophotometric
methods on zero, derivative, ratio or derivative ratio spectra based on
either the response difference between two wavelengths points (directly
or induced) or measuring the constant representing the undesirable
component followed by further manipulation on the spectrophotometer
software to get the proposed component. It was found that PAR in its
mixture with ACE was successfully determined by dual wavelength, de-
rivative subtraction coupled with constant multiplication, ratio differ-
ence and constant center method. Meanwhile, an effective determination
of ACE in these mixtures was performed by induced dual wavelength,
derivative subtraction coupled with constant multiplication, ratio dif-
ference, constant center and unlimited derivative ratio method where the
selectivity of the proposed methods for both cited drugs in the mixtures
containing the degradation product of PAR weren't affected by the
presence of up to 92.3% 4-AP. In case of mixtures containing the
degradation product of ACE, PAR was estimated by all the proposed
methods except constant center method while, ACE was determined by
the novel unlimited derivative ratio method in presence of up to 25%
DIC.

An influence of the overlapping of absorption bands on the precision
and accuracy of determinations can be deduced from a comparison of the
results for all proposed methods. Markedly the results of induced dual
wavelength improved the results of dual wavelength method, which is

Table 3

Heliyon 5 (2019) e01669

the least precise and accurate due to critical measurement of the chosen
wavelengths. When overlapping is larger as in case of analysis of the cited
drugs in presence of both degradation products, the methods based on
the ratio and derivative ratio are more advantageous with the increase in
resolution efficiency via division by standard solution of one of inter-
fering component. Smaller overlapping in case of analysis of ACE and
PAR in absence of both degradates or in the presence of 4-AP only was
found that induced dual wavelength method and constant center method
(CC) show poor mathematic filtration efficiency and fail to give satis-
factory results due to geometric features similarity of ACE and DIC
leading to error in the data processing. The main advantage of CC method
in mixture analysis is obtaining the D° spectra of each drug separately
which acts as spectral profile of ACE and PAR as well as maximum ac-
curacy in their quantification at their Apax.

Based on the achieved results, it can be concluded that derivative
subtraction coupled with constant multiplication (DS-CM) increases
substantially the precision and accuracy of the analysis of mixtures with
overlapping absorption bands as in case of PAR in presence of ACE and
DIC as an official degradation product of ACE. The advantages of RD
method over the dual wavelength method that the interfering component
is constant which is a straight line all over the curve thus the difference at
any two wavelengths will be equal to zero thus no critical measurements
at certain wavelengths.

When the absorption bands of the individual components overlap to a
large extent as in case of ACE and DIC in presence of PAR, the classical
methods are not efficient enough and the determined concentrations of
components are imprecise and often inaccurate. Better results can be
obtained by novel UDD method which is successfully applied for the
determination of ACE overcoming the complete overlapping between
ACE and its degradation product (DIC). Furthermore, even the

Determination of the studied drugs in tablet dosage form by the proposed methods and application of standard addition technique.

Sample Aceclofenac (*mean% =+ SD)

Method RD CcC IDW DS-CM UDD
Hifenac-P® 90.60 + 1.69 99.60 + 0.99 98.70 + 1.86 106.00 + 2.22 96.59 + 1.45
Batch No.737132

Standard addition 100.81 + 1.24 100.37 £ 1.20 99.67 + 1.98 98.43 + 0.40 98.04 + 0.99
Sample Paracetamol (*mean + SD %)

Method RD CC Dw DS-CM

Hifenac-P® 100.90 + 1.23 102.00 + 1.12 101.80 + 0.99 101.00 + 1.35

Batch No.737132

Standard addition 98.60 + 0.98 99.25 £+ 0.90 98.23 + 0.66 99.63 + 1.09

" Found% =+ SD in case of pharmaceutical preparation and Recovery %= SD in case of standard addition.

Table 4

Statistical analysis of the proposed methods and the reported method of ACE and PAR in their pure powdered forms.

Parameter Aceclofenac (ACE)

RD CC IDW DS-CM UDD Reported method** [29]
Mean 100.01 99.73 99.84 99.67 100.37 99.76
SD 1.16 1.43 0.78 1.54 0.70 1.44
n 6 6 6 6 6 5
Variance 1.3456 2.0449 0.6084 2.3716 0.4900 2.0736
Students ¢ test* (2.262) 0.759 0.976 0.911 0.924 0.420
F* 1.54 (5.19) 1.01 (5.19) 3.40 (5.19) 1.14 (5.39) 4.23 (5.19)
Parameter Paracetamol (PAR)

RD CcC DW DS-CM Reported method** [29]

Mean 99.32 99.40 99.25 99.95 99.07
SD 1.84 1.99 2.20 1.88 1.33
n 5 5 5 5 5
Variance 3.3856 3.9601 4.8400 3.5344 1.7689
Studentss t test* (2.306) 0.809 0.764 0.880 0.420
F* (5.53) 1.91 2.23 2.73 1.99

" The figures in parenthesis are the corresponding theoretical values at P = 0.05.

" The reported method used are the first order derivative spectrophotometry at 243.6 nm for ACE and 273.4 nm for PAR, using methanol as a blank.
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Table 5

Results of ANOVA (single factor) for the comparison of the proposed methods and the reported method of ACE and PAR in their pure form.
Aceclofenac
Source of Variation SS df MS F P-value F crit
Between Groups 2.029367143 5 0.405873 0.274089 0.923577 2.545386
Within Groups 42.94345 29 1.480809
Total 44.97281714 34
Paracetamol
Source of Variation SS df MS F P-value F crit
Between Groups 2.20948 4 0.55237 0.157128 0.95747 2.866081
Within Groups 70.30812 20 3.515406
Total 72.5176 24

amplitudes measured at the sides of overlapping obtained bands can be
used in the analysis due to great numbers of peaks of derivative of ratio
spectrum with high amplitude values and they are measured with suffi-
cient precision.

Validation of the proposed spectrophotometric methods was accom-
plished according to ICH guidelines [57] with respect to methods'
sensitivity, linearity range, accuracy, precision, LOD and LOQ as shown
in Table 1. Table 2 shows the specificity results obtained from the
analysis of laboratory prepared mixtures containing diverse ratios of the
drugs ensuring the specificity of the proposed methods where satisfactory
results were obtained over the calibration range. It was found that UDD is
the only method proving its ability to assess unequivocally the ACE in the
presence of PAR as co-formulated drug and DIC as degradation product.
The proposed methods were also functioned for the determination of the
drugs in Hifenac-P® tablets and the validity of the proposed methods was
been further assessed by applying the standard addition technique as
presented in Table 3.

5. Calculation

The results obtained by the proposed methods and the reported
spectrophotometric method [29] were statistically compared where, the
calculated t and F values were found to be less than the theoretical ones
demonstrating that there was no considerable difference between the
proposed and reported method regarding both accuracy and precision,
Table 4.

Statistical analysis using one way ANOVA test was also performed on
the results obtained by applying the proposed methods and those ob-
tained by the reported method, where calculated F (F.y) values were
always less than tabulated F (Fip) values for both studied analytes
proving that there is no significant difference between the proposed
methods and the reported one, Table 5.

6. Conclusion

This work has introduced the first quantitative stability indicating
spectrophotometric methods for the selective determination of ACE and
PAR in synthetic mixtures with their degradation products and phar-
maceutical formulation using built-in spectrophotometer software. The
UV spectrophotometric methods used in this study are more adaptable
and easier to apply than the other analytical methods. The proposed
methods did not necessitate any sophisticated instrumentation, such as
HPLC, which requires organic solvents and time consumption or
advanced methodologies (like chemometric methods). An optimization
procedure is applied to choose the optimal analytical manipulation steps
and the corresponding response of each method is used for calculation of
calibration data or concentrations of components in the samples. The
application of the proposed methods confirms that the novel introduced
unlimited derivative ratio method has a very high selectivity and acts as
rapid, simple stability indicating method with optimum mathematic
filtration power to resolve the severe overlapping geometrically similar
spectra of ACE and its degradation product in presence of co-formulated

12

drug PAR.

In conclusion, the mathematic filtration technique for all the pro-
posed methods either separate or after coupling with each other via
successive resolution steps are suitable and valid for the analysis of multi-
component mixtures in laboratories lacking liquid chromatographic
instruments.

Declarations
Author contribution statement
Mohamed Abd El-Rahman, Soheir Weshahy: Analyzed and inter-
preted the data; Contributed reagents, materials, analysis tools or data.
Hayam Lotfy: Conceived and designed the experiments; Analyzed and
interpreted the data; Contributed reagents, materials, analysis tools or
data.
Dina Ahmed: Performed the experiments; Analyzed and interpreted

the data; Contributed reagents, materials, analysis tools or data; Wrote
the paper.

Funding statement

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Competing interest statement

The authors declare no conflict of interest.

Additional information
No additional information is available for this paper.

References

[1]
[2]

R.N. Brogden, L.R. Wiseman, Aceclofenac, Drugs 52 (1) (1996) 113-124.

R. Shah, P. Chandrakant, C.S. Kumar, N.K. Dhanya, Validated spectroscopic method
for estimation of aceclofenac from tablet formulation, Res. J. Pharm. Technol. 1 (4)
(2008) 430-432.

AM. Yehia, H.M. Mohamed, Chemometrics resolution and quantification power
evaluation: application on pharmaceutical quaternary mixture of Paracetamol,
Guaifenesin, Phenylephrine and p-aminophenol, Spectrochim. Acta Part A Mol.
Biomol.Spectrosc. 152 (2016) 491-500.

J. Khodaveisi, S. Dadfarnia, A.M.H. Shaban, M.R. Moghadam, M.R. Hormozi,
Artificial neural network assisted kinetic spectrophotometric technique for
simultaneous determination of paracetamol and p-aminophenol in pharmaceutical
samples using localized surface plasmon resonance band of silver nanoparticles,
Spectrochim. Acta Part A Mol.Biomol.Spectrosc. 138 (2015) 474-480.

X. Fu, T.S. Chen, M.B. Ray, H.T. Nagasawa, W.M. Williams, para-aminophenol
induced hepatotoxicity in hamsters: role of glutathione, J. Biochem. Mol. Toxicol.
18 (3) (2004) 154-161.

H. Song, T.S. Chen, para-aminophenol induced liver toxicity: tentative evidence of a
role for acetaminophen, J. Biochem. Mol. Toxicol. 15 (1) (2001) 34-40.

C. Sornchaithawatwong, S. Vorrarat, P. Nunthanavanit, Simultaneous
determination of paracetamol and its main degradation product in generic
paracetamol tablets using reverse-phase HPLC, J. Health. Res. 24 (2010) 103-106.

[3]

[4]

[5]

[6]

[71


http://refhub.elsevier.com/S2405-8440(19)31824-9/sref1
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref1
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref2
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref2
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref2
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref2
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref3
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref3
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref3
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref3
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref3
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref4
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref4
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref4
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref4
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref4
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref4
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref5
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref5
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref5
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref5
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref6
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref6
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref6
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref7
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref7
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref7
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref7

H.M.

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Lotfy et al.

M. Bloomfield, A sensitive and rapid assay for 4-aminophenol in paracetamol drug
and tablet formulation, by flow injection analysis with spectrophotometric
detection, Talanta 58 (6) (2002) 1301-1310.

F. Vohra, A. Raut, Comparative efficacy, safety, and tolerability of diclofenac and
aceclofenac in musculoskeletal pain management: a systematic review, Indian J.
Pain 30 (1) (2016) 3-6.

N.S. Chunduri, T. Kollu, V.R. Goteki, K.K. Mallela, K. Madasu, Efficacy of
aceclofenac and diclofenac sodium for relief of postoperative pain after third molar
surgery: a randomised open label comparative study, J. Pharmacol. Pharmacother.
4 (2) (2013) 144-145.

R.K. Maheshwari, S.C. Chaturvedi, N.K. Jain, Analysis of aceclofenac in tablets
using hydrotropic solubilization technique, Indian Drugs 43 (6) (2006) 516.

R. Maheshwari, S. Moondra, A novel method for quantitative determination of
aceclofenac in bulk drug and tablets using sodium salicylate as a hydrotropic
solubilizing agent, "J. Adv. Pharm. Technol. Research"" (JAPTR)" 1 (1) (2010)
78-82.

S. Shanmugam, A.K. Cendil, T. Vetrichelvan, R. Manavalan, D. Venkappayya,

V.P. Panday, Spectrophotometric method for estimation of aceclofenac in tablets,
Indian Drugs 42 (2) (2005) 106-107.

N.H. Zawilla, M.A. Mohammad, N.M. ElKousy, S.M. Aly, Determination of
aceclofenac in bulk and pharmaceutical formulations, J. Pharm. Biomed. Anal. 27
(1) (2002) 243-251.

A. Bose, P. Dash, M. Sahoo, Simple spectrophotometric methods for estimation of
aceclofenac from bulk and formulations, Pharm. Methods. 1 (1) (2010) 57-60.
Y.S. El-Saharty, M. Refaat, S.Z. El-Khateeb, Stability-indicating spectrophotometric
and densitometric methods for determination of aceclofenac, Drug Dev. Ind. Pharm.
28 (5) (2002) 571-582.

N.Y. Hasan, M. Abdelkawy, B.E. Elzeany, N.E. Wagieh, Stability indicating methods
for the determination of aceclofenac, Il Farmaco 58 (2) (2003) 91-99.

J.J. Nasr, A. Ashour, M. Eid, A. Elbrashy, F. Belal, Stability-indicating
spectrophotometric determination of aceclofenac using multivariate calibration,
Pharm. Anal. Acta 6 (342) (2015) 2.

J.R. Bhinge, R.V. Kumar, V.R. Sinh, A simple and sensitive stability-indicating RP-
HPLC assay method for the determination of aceclofenac, J. Chromatogr. Sci. 46 (5)
(2008) 440-444.

R.L El-Bagary, H.M. Azzazy, E.F. Elkady, F. Farouk, Br. UPLC-MS/MS determination
of aceclofenac and diclofenac in bulk, dosage forms and in at-line monitoring of
aceclofenac synthesis, J. Pharm. Res. 4 (11) (2014) 1311-1331.

1. Pharmacopoeia, Ministry of Health and Family Welfare, 2, Government of India,
1996, p. 350.

B.R. Shrestha, R.R. Pradhanang, Spectrophotometric method for the determination
of paracetamol, J. Nepal Chem. Soc. 24 (2009) 39-44.

S. Behera, S. Ghanty, F. Ahmad, S. Santra, S. Banerjee, UV-visible
spectrophotometric method development and validation of assay of paracetamol
tablet formulation, J. Anal. Bioanal. Tech. 3 (6) (2012) 2-6.

J.T. Afshari, Z. Liu, Rapid spectrophotometric method for the quantitation of
acetaminophen in serum, Anal. Chim. Acta 443 (1) (2001) 165-169.

A.B. Moreira, H.P. Oliveira, T.D. Atvars, L.L. Dias, G.O. Neto, E.A. Zagatto,

L.T. Kubota, Direct determination of paracetamol in powdered pharmaceutical
samples by fluorescence spectroscopy, Anal. Chim. Acta 539 (1) (2005) 257-261.
F.A. Mohamed, M.A. AbdAllah, S.M. Shammat, Selective spectrophotometric
determination of p-aminophenol and acetaminophen, Talanta 44 (1) (1997)
61-68.

N.M. Mostafa, Stability indicating method for the determination of paracetamol in
its pharmaceutical preparations by TLC densitometric method, J. Saudi Chem.
Socl4 (4) (2010) 341-344.

R. Bhimavarapu, K.P. Chitra, H. Meda, D. Kanikanti, M. Anne, N. Gowthami, Forced
degradation study of paracetamol in tablet formulation using RP-HPLC, Bull.Pharm.
Res. 1 (3) (2011) 13-17.

A. Jain, V. Vyas, N. Subedar, A. Gupta, Simultaneous estimation of aceclofenac and
paracetamol in tablet dosage form by UV spectroscopy, Asian J. Chem. 19 (6)
(2007) 4920.

A.D. Nikam, S.S. Pawar, S.V. Gandhi, Simultaneous spectrophotometric estimation
of aceclofenac and Paracetamol, Asian J. Chem. 19 (7) (2007) 5075.

S. Ashraful Islam, P.K. Paul, Validation of UV-Spectrophotometric and RP-HPLC
methods for the simultaneous analysis of Paracetamol and Aceclofenac in marketed
tablets, Int. J. Pharm. Life Sci. 2 (12) (2011) 1267-1275.

V. Pawar, S. Pishawikar, H. More, Spectrophotometric estimation of aceclofenac
and paracetamol from tablet dosage form, Curr. Pharma Res. 1 (1) (2010) 25-29.
P. Mahaparale, J. Sangshetti, B. Kuchekar, Simultaneous spectrophotometric
estimation of aceclofenac and paracetamol in tablet dosage form, Indian J. Pharm.
Sci. 69 (2) (2007) 289-292.

S.G. Gandhi, N.B. Barhate, B.P. Patel, D.P. Panchal, K.B. Bothara, A validated
densitometric method for analysis of aceclofenac and paracetamol as the bulk drugs
and in combined tablet dosage forms, Acta Chromatogr. 20 (2) (2008) 175-182.
D. Gharge, P. Dhabale, Simultaneous estimation of aceclofenac and paracetamol in
solid dosage form by RP-HPLC Method, Int. J. Chem. Res. 2 (2010) 942-946.

A. Ambekar, B.S. Kuchekar, Application of a validated stability-indicating HPTLC
method for simultaneous estimation of paracetamol and aceclofenac and their
impurities, J.Chromatogr.Tech. 7 (2016) 324.

S. Jamil, S. Talegaonkar, R.K. Khar, K. Kohli, Development and validation of a
stability-indicating LC method for simultaneous analysis of aceclofenac and
paracetamol in conventional tablets and in microsphere formulations,
Chromatographia 68 (7-8) (2008) 557-565.

H. Khan, M. Ali, A. Ahuja, J. Ali, Determination of some anti-inflammatory and
analgesic drugs, Asian J.Pharm.Anal. 6 (3) (2016) 183-187.

13

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

Heliyon 5 (2019) e01669

H. Khan, M. Alj, S. Ahmad, N. Ahmad, A. Ahuja, S. Baboota, J. Ali, VALIDATED
UPLC/Q-TOF-MS METHOD FOR SIMULTANEOUS DETERMINATION OF
ACECLOFENAC, PARACETAMOL, AND THEIR DEGRADATION PRODUCTS IN
TABLETS, J. Liq. Chromatogr. Relat. Technol. 35 (1) (2012) 109-128.

E. Dinc, F. Onur, Application of a new spectrophotometric method for the analysis
of a ternary mixture containing metamizol, paracetamol and caffeine in tablets,
Anal. Chim. Acta 359 (1-2) (1998) 93-106.

H.M. Lotfy, S.S. Saleh, N.Y. Hassan, H. Salem, Novel two wavelength
spectrophotometric methods for simultaneous determination of binary mixtures
with severely overlapping spectra, Spectrochim.Acta PartA Mol.Biomol.Spectrosc.
136 (2015) 1786-1796.

H.M. Lotfy, Determination of simvastatin and ezatimibe in combined tablet dosage
forms by constant center spectrophotometric method, Int. J. Pharm. Pharm. Sci. 4
(4) (2012) 673-679.

H.M. Lotfy, M.A.M. Hegazy, Simultaneous determination of some cholesterol-
lowering drugs in their binary mixture by novel spectrophotometric methods,
Spectrochim. Acta Part A Mol.Biomol.Spectrosc. 113 (1) (2013) 107-114.

H.M. Lotfy, M.A.M. Hegazy, Omparative study of novel spectrophotometric
methods manipulating ratio spectra: an application on pharmaceutical ternary
mixture of omeprazole, tinidazole and clarithromycin, Spectrochim. Acta Part A
Mol.Biomol.Spectrosc. 96 (2012) 259-270.

M.G. El-Bardicy, H.M. Lotfy, M.A. ElSayed, M.F. ElTarras, Smart stability-indicating
spectrophotometric methods for determination of binary mixtures without prior
separation, J. AOAC Int. 91 (2) (2008) 299-310.

F. Salinas, J.J.B. Nevado, A.E. Mansilla, A new spectrophotometric method for
quantitative multicomponent analysis resolution of mixtures of salicylic and
salicyluric acids, Talanta 37 (3) (1990) 347-351.

J.B. Nevada, C.G. Cabanillas, F. Salinas, Spectrophotometric resolution of ternary
mixtures of salicylaldehyde, 3-hydroxybenzaldehyde and 4-hydroxybenzaldehyde
by the derivative ratio spectrum-zero crossing method, Talanta 39 (5) (1992)
547-553.

J.J.B. Nevado, C.G. Cabanillas, A.M.C. Salcedo, Simultaneous spectrophotometric
determination of three food dyes by using the first derivative of ratio spectra,
Talanta 42 (12) (1995) 2043-2051.

A. El-Gindy, B. ElZeany, T. Awad, M.M. Shabana, Spectrophotometric
determination of trifluoperazine HCl and isopropamide iodide in binary mixture
using second derivative and second derivative of the ratio spectra methods,

J. Pharm. Biomed. Anal. 26 (2) (2001) 203-210.

E. Dinc, M. Palabiyik, O. Ustindag, F. Yurtsever, F. Onur, Simultaneous
spectrophotometric determination of chlorphenoxamine hydrochloride and caffeine
in a pharmaceutical preparation using first derivative of the ratio spectra and
chemometric methods, J. Pharm. Biomed. Anal. 28 (3-4) (2002) 591-600.

F. Onur, C. Yicesoy, S. Dermis, M. Kartal, G. K6kdil, Simultaneous determination of
pseudoephedrine sulfate, dexbrompheniramine maleate and loratadine in
pharmaceutical preparations using derivative spectrophotometry and ratio spectra
derivative spectrophotometry, Talanta 51 (2) (2000) 269-279.

E. Ding, C. Yucesoy, F. Onur, Simultaneous spectrophotometric determination of
mefenamic acid and paracetamol in a pharmaceutical preparation using ratio
spectra derivative spectrophotometry and chemometric methods, J. Pharm.
Biomed. Anal. 28 (6) (2002) 1091-1100.

H.M. Lotfy, S.M. Tawakkol, N.M. Fahmy, M.A. Shehata, Successive
spectrophotometric resolution as a novel technique for the analysis of ternary
mixtures of pharmaceuticals, Spectrochim.Acta PartA Mol.Biomol.Spectrosc. 121
(2014) 313-323.

S.S. Saleh, H.M. Lotfy, N.Y. Hassan, H. Salem, A comparative study of progressive
versus successive spectrophotometric resolution techniques applied for
pharmaceutical ternary mixtures, Spectrochim.Acta PartA Mol.Biomol. Spectrosc.
132 (2014) 239-248.

S. Wold, M. Sj6strém, L. Eriksson, PLS-regression: a basic tool of chemometrics,
Chemometr. Intell. Lab. Syst. 58 (2) (2001) 109-130.

M. Blanco, H. Iturriaga, S. Maspoch, J. Riba, Diode-array detectors in flow-injection
analysis mixture resolution by multi-wavelength analysis, Talanta 34 (12) (1987)
987-993.

Validation of Analytical Procedures Q28, International conference on
harmonization, 1., Geneva, 2003.

E.H. Mohamed, H.M. Lotfy, M.A. Hegazy, S. Mowaka, Different applications of
isosbestic points, normalized spectra and dual wavelength as powerful tools for
resolution of multicomponent mixtures with severely overlapping spectra, Chem.
Cent. J. 11 (1) (2017) 43.

H.M. Lotfy, S.M. Tawakkol, N.M. Fahmy, M.A. Shehata, A comparative study of
novel spectrophotometric resolution techniques applied for pharmaceutical
mixtures with partially or severely overlapped spectra, Spectrochim.Acta PartA
Mol. Biomol. Spectrosc. 136 (2015) 937-952.

M.B. Abbas Afkhami, Successive ratio-derivative spectra as a new
spectrophotometric methodfor the analysis of ternary mixtures, Spectrochim.Acta
PartA Mol. Biomol. Spectrosc. 61 (2005) 869-877.

S. Savale, H. Mahajan, UV spectrophotometric method development and validation
for quantitative estimation of diclofenac sodium, Asian J.Biomat. Res. 3 (2) (2017)
40-43.

H.M. Lotfy, Y.M. Fayez, S.M. Tawakkol, N.M. Fahmy, M.A. Shehata,
Spectrophotometric determination for the binary mixture of clotrimazole and
dexamethasone in pharmaceutical dosage form, Anal. Chem. Lett. 7 (1) (2017)
30-42.

H.M. Lotfy, Y.M. Fayez, S.M. Tawakkol, N.M. Fahmy, M.A. Shehata, Evaluation of
graphical and statistical representation of analytical signals of spectrophotometric
methods, Spectrochim.Acta PartA Mol. Biomol.Spectrosc. 184 (2017) 61-70.


http://refhub.elsevier.com/S2405-8440(19)31824-9/sref8
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref8
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref8
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref8
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref9
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref9
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref9
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref9
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref10
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref10
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref10
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref10
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref10
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref11
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref11
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref12
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref12
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref12
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref12
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref12
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref13
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref13
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref13
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref13
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref14
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref14
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref14
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref14
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref15
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref15
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref15
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref16
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref16
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref16
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref16
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref17
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref17
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref17
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref18
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref18
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref18
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref19
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref19
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref19
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref19
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref20
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref20
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref20
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref20
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref21
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref21
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref22
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref22
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref22
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref23
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref23
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref23
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref23
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref24
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref24
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref24
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref25
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref25
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref25
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref25
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref26
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref26
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref26
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref26
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref27
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref27
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref27
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref27
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref28
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref28
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref28
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref28
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref29
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref29
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref29
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref30
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref30
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref31
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref31
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref31
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref31
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref32
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref32
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref32
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref33
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref33
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref33
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref33
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref34
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref34
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref34
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref34
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref35
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref35
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref35
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref36
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref36
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref36
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref37
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref37
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref37
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref37
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref37
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref38
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref38
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref38
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref39
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref39
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref39
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref39
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref39
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref40
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref40
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref40
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref40
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref41
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref41
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref41
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref41
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref41
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref42
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref42
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref42
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref42
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref43
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref43
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref43
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref43
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref44
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref44
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref44
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref44
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref44
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref45
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref45
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref45
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref45
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref46
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref46
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref46
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref46
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref47
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref47
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref47
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref47
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref47
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref48
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref48
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref48
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref48
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref49
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref49
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref49
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref49
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref49
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref50
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref50
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref50
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref50
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref50
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref51
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref51
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref51
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref51
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref51
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref52
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref52
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref52
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref52
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref52
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref52
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref53
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref53
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref53
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref53
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref53
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref54
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref54
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref54
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref54
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref54
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref55
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref55
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref55
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref56
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref56
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref56
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref56
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref57
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref57
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref58
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref58
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref58
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref58
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref59
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref59
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref59
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref59
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref59
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref60
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref60
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref60
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref60
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref61
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref61
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref61
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref61
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref62
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref62
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref62
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref62
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref62
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref63
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref63
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref63
http://refhub.elsevier.com/S2405-8440(19)31824-9/sref63

	Study of efficiency and spectral resolution for mathematical filtration technique using novel unlimited derivative ratio an ...
	1. Introduction
	2. Theory
	2.1. Unlimited derivative ratio(UDD)

	3. Experimental
	3.1. Apparatus and software
	3.2. Samples and solvents
	3.3. Procedure
	3.3.1. Standard solutions
	3.3.2. Spectral characteristics and methods' selection
	3.3.3. Analysis of synthetic mixtures in laboratory
	3.3.4. Preparation of pharmaceutical formulation solution

	3.4. Validation
	3.4.1. Linearity and calibration graphs
	3.4.2. Accuracy
	3.4.3. Repeatability
	3.4.4. Intermediate precision
	3.4.5. Specificity
	3.4.5.1. Resolution of proposed mixtures from PAR degradation product

	3.4.6. Application to pharmaceutical formulation and its accuracy


	4. Results and discussion
	4.1. Spectral characteristics and challenges
	4.2. Methods development
	4.2.1. Elimination of 4-AP to get the resolved mixtures' spectra of ACE, PAR and DIC

	4.3. Dual wavelength method (DW)
	4.4. Induced dual wavelength method (IDW)
	4.5. Derivative subtraction method (DS) coupled with constant multiplication (CM)
	4.6. Ratio difference method (RD)
	4.7. Constant center method (CC)
	4.8. Unlimited derivative ratio method (UDD)

	5. Calculation
	6. Conclusion
	Declarations
	Author contribution statement
	Funding statement
	Competing interest statement
	Additional information

	References


