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In the presence of closely overlapping spectra, the quantitative multiresolution of ternary mixtures of three
active compounds paracetamol (PAR), caffeine (CAF) and acetylsalycilic acid (ASP) in tablets, without using pre-
treatment such as separation step and graphical procedure of spectra was accomplished by the multivariate spec-
tral calibration models, tri-linear regression calibration (TLRC), multi-linear regression calibration (MLRC)
and Cramer’s rule solution (CRS) of three linear equation functions in the matrix form. In the first two models,
TLRC and MLRC are based on the use of the linear regression functions at selected wavelength sets in the spec-
tral region of 210—300 nm. In the case of CRS model, Al (1%, 1cm) were used to obtain three linear equation
functions and this linear equation system was resolved by the Cramer’s rule for the prediction of PAR, CAF and
ASP in samples. In the TLRC and CRS models, the selection of the appropriate wavelength set was performed
by the Kaiser’s technique. The algorithms of these mathematical calibration models were briefly described. The
validation of TLRC, MLRC and CRS models was carried out by analyzing various synthetic ternary mixtures
and by using the standard addition technique. These three calibration approaches were applied to the analysis of
the real pharmaceutical tablets containing PAR, CAF and ASP. The obtained results were statistically compared
with each other by using experimental and statistical tests. In the comparison of TLRC and MLRC models to
the classical approach, CRS technique, the successful assay results were observed for the quantitative multireso-

lution of ternary mixture of the subject active compounds.

Key words

Applied methods for the analytical problems have consid-
erable importance in the rapidity, reliability and cost of
method for the quantitative analysis of compounds. Most of
the new method developments and instrumental advances are
focus on the less time and money consumption. In pharma-
ceutical science the quantitation of the compounds in the
mixtures has a big importance and there are several tech-
niques for the quantitation of those compounds including as
a well known technique HPLC, derivative spectrophotometry
and chemometric techniques. Advances in spectrophotomet-
ric methods with various mathematical algorithms allow to a
wide application of UV absorption in the drug analysis, bio-
logical sample analysis and environmental analysis. Spec-
trophotometric methods are a rapid and cheap method and
suitable for the analysis of raw materials and finished prod-
ucts without sample preparation by the combination of nu-
merical methods using software. Hence, applications of other
analytical methods such as dual wavelength spectrophotome-
try,' > pH-induced differential spectrophotometry® and
multi-component analysis method aided computer soft-
ware™® can be given as an example for the analytical studies.
All the motioned methods give good results, but they contain
some disadvantage in the application to the analytical prob-
lems. For example HPLC is a laborious method that requires
development of an acceptable method for separation and
sometimes it is not possible to resolve the mixture of com-
pounds, and some others contain abstract mathematical
knowledge to understand the theory behind it. On the other
hand while derivative spectrophotometry provides good re-
sults for the resolution of binary mixtures, it has not given
successful results in the analysis of ternary or multi-mix-
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tures.

Analytical chemists have been forcing the limit of every
applicable mathematical methods ranging from very abstract
to a simple one to apply them to solve the analytical prob-
lems. The simplest method will make the life easier and will
provide faster analysis of compounds.

In recent years the simultaneous analysis of binary mix-
tures using a numerical method has been carried out.”* The
modification of this method was the first time applied to the
analysis of ternary mixtures'” and called as tri linear regres-
sion analysis (TLRC). This method also further modified the
same method for the three and more component mixtures and
called as multi linear regression analysis (MLRC). While
TLRC method based on the finding of the best three wave-
lengths in the spectrum, MLRC method contains multi criti-
cal wavelength points in the working wavelength range and
both use the linear algebra for matrix form obtained from the
linear regression functions.

The quantitation of PAR, ASP and CAF in the same
ternary mixture has been done using N-PLS chemometric
method'" but this method contains various disadvantage in-
cluding complex and abstract mathematical treatments and
special software. The proposed TLRC and MLRC models
are very powerful tools having the simple mathematical con-
tent which can be applied in every laboratory for simultane-
ous quantitative multiresolution of complex mixtures con-
taining two or more active compounds.

This paper describes the application of TLRC, MLRC and
another alternative method CRS model to the simultaneous
determination of PAR, CAF and ASP in the pharmaceutical
tablets. Under optimization conditions the applied numerical
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methods provide considerable resolving power, sensitivity,
rapidity, and low cost for the quantitative analysis, quality
control and routine analysis of subject compounds in the
pharmaceutical tablets.

Methodology The basic principles of TLRC and MLRC
model can be explained starting from simple linear regres-
sion function. A linear regression function between two vari-
ables, concentration and absorbance, for the spectrophoto-
metric determination of the X analyte at A, wavelength can be
defined by the equation:

Ay=byCytay (1)

Where, Ay is the absorbance of the X analyte at A, wave-
length, C, is the concentration of the X analyte (the concen-
tration units are yg/ml in the two newly developed methods),
by is the slope of the linear regression equation, ay is the in-
tercept of the regression model. These intercept values indi-
cate the difference between the ideal and calculated system.

TLRC Technique TLRC model requires the application
of matrix mathematics to three linear regression equations at
three wavelength points selected by Kaiser’s technique.'?
The mathematical algorithm of TLRC is explained in the fol-
lowing steps.

If the absorbance values of a mixture of three analytes (X,
Y and Z) are measured at a three-wavelength set (1,=1, 2 and
3), the following equations can be written for a three-compo-
nent analysis:

Amixl = bx,CX+ by,C vt bz,cz+ Ayxyyz,
AmixzszICXer YECY+bZZCZ+aXYZZ (2)
Anix, by Cytby Cytb, Coptayy,

Where A, , Ay, and A, represent the absorbances of the
mixture of X Yand Z analytes at the three-wavelength set,

X, g DV and b, are the slopes of linear regression
equations of X, ¥ and Z respectlvely, dyyz and ayy, and ayy,
are the sums of intercepts of linear regression equations at
the three wavelengths (ayy, =ay +ay ta,, ayy, =ay +tay+
ay and ayy, =ay tay +ay).

Equatlon (2) can be formulated in matrix notation as:

mix, bx, by, bz, Cy Axyz
Amm2 = bxz byz bzI | Cy |+ Axyz, (3)
Amlx3 bxx bn bz; C; Ayyz,

If the absorbance matrix, A, , and the intercept matrix,
dxyz,, ., AT¢ matrices in the saﬁle size, then the difference

—a,y, 1s the matrix obtained by subtracting the entries of
ayy, from the corresponding entries of A ;. According to
this procedure, the following equation can be written as:

Amlx, ~ Ayyz, bx, by, bzl Cy
Amm2 EC7 bxz b)/Z bzz 1 Cy 4)
Amlx; G7A bx, by‘, bz; C,
or, more simply:
(Amix~axr2)3x1=Ksxs" Caxy (5)

The matrix, b, corresponding to the slope values of linear-
regression functions is called the matrix, K:
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by, by b,
K=|by, by, by, (6
by by by,

In this case, for the calculation of the concentration of the
analytes, X, Y and Z in ternary mixture, the matrix,
(A,ii—Ayxy)3x1» is multiplied by the inverse (K™ '), of the
matrix K, and it can be written as:

C3><1:(K71)3><3.(AmixiaXYZ)SXl @)

This procedure is the mathematical basis of the TLRC
method for multi-component analysis.

As explained here, the proposed calibration model can be
applied easily to the multiresolution of the three-component
mixtures. The choice of optimum wavelength set plays an
important role for the application of this numerical method to
a multi-mixture analysis. For this reason, Kasier’s tech-
nique'? was applied to the selection of the optimum wave-
length set in order to provide the best sensitivity and selectiv-
ity in the application of the mathematical method.

The sensitivity matrices K (square matrix) in Eq. 6 are
formed by taking every three-pairs of pre-selected wave-
lengths for ternary mixtures.

The matrices K of the slope values obtained from the lin-
ear regression functions of the individual analytes, X, ¥ and Z
at three selected wavelengths (1, 2 and 3) are considered as
the sensitivity parameter.® '” The sensitivity parameter is
used for comparing different three-wavelength sets. The sen-
sitivity of a multicomponent analysis is defined as the ab-
solute value of the determinant of the sensitivity matrix K.
For this reason, the determinant values of the matrices K cor-
responding to different three-wavelength sets are calculated
for the selection of the working wavelength set. The calcu-
lated maximum determinant value permits to decide the opti-
mum wavelength set. The method is based on the nine linear
regression functions having three linear regression lines for
each compound at three selected wavelengths in our case.

MLRC Technique MLRC algorithm'® for the quantita-
tive analysis of ternary or multi mixtures is based on the ap-
plication of linear algebra to linear regression function at a
multipoint set of selected wavelengths in the working spec-
tral range. MLRC algorithm contains the following steps.

If the absorbance values of a mixture of three analytes (X,
Y and Z) are measured at n wavelengths (1,=1,2, ...,n), the
following set of functions can be written for a three-compo-
nent analysis:

=by Cy +b,Cy+b,C+ay,
=b lc +b2C +b_2C‘+aXYZE

m:x1

®)

Ay, = by Cy by Cytb, Cptayy,

Where A, Ay, ---» and A, are the absorbances of the
mixture of X Y and Z analytes at selected wavelengths (from
Ayt A); by by, ....by, by,by,....,by and b,,b,,...,b, are
the slopes of n hnear regression functlons of X Y and Z, cor-
responding to selected wavelengths, respectively; and ayy, ,
Ayyz, --- and ayy, are the sum of intercepts of linear regres-
sion functions at n wavelengths (ayy,=ay +ay+ag,

Ayyz =aytayta, and axyzn:axn"'ay”"‘azu)-
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In the matrix terms, the above multi-equation system (8)
can be formulated as:

(A

mix, bX, by, bz, Axyz,
AmixZ b)(z byz bz2 Cy Ayyz,
R e REERRTTRTN B KoM I B O)
......... c,
_A mix, bX,, by b, Axyz,
which can be simplified to
(A, —ayrz | [y 010,
AmixZ O7A b)@ byz bz2 Cy
=y (10)
......... C,
_A mix,  4xvz, b)(,, by,, by

in a compact form
(Anmix~ @21 =Koxs Cax (11

As explained in the above TLRC model. The matrix of the
slope values is called the matrix K:

b | byl va

x, Oy, bz2

(12)

The matrices, (A,;,—a),x; and K, ;, are multiplied by the
transpose ( K'),,, of the matrix K, ; and it can be written as:

(K35 Amix= @)1 = (K35, K3 Ct (13)

The concentration of the X, ¥ and Z compounds in ternary
mixture can be calculated by using the following formula:

Caser =LK ), Kes] 33 [ Y35 (A iy = @xy)usci]

In this case, the MLRC model contains the use of linear
algebra, also known as matrix mathematics. This calibration
model can be applied to the multiresolution of multi-compo-
nent mixture system containing n compounds.

Cramer’s Rule Solution Absorptivity Al (1%, 1cm)
values were calculated by using the absorbances measured at
229nm (4,), 248nm (A,) and 272nm (A,) for zero-order
spectra for each of the compounds in the ternary mixture. By
using A} values, a system of equations with three unknowns
can be written for three compounds in the ternary mixture, as
follows:

(14

A=0alC (pathlength /is equal to 1)
A=0,C+B,C+7,Cy
A= a,Ci+B,C+7,Cy
A=+ 3G, 475Gy

(15)

where A, A, and A, denotes the absorbances of solutions of
mixtures of PAR, ASP and CAF, and ¢, 8 and y represent
the values of A} values calculated for PAR, ASP and CAF,
respectively, at A,, 1, and 4,. C,, C, and C; are the concen-
trations of PAR, ASP and CAF, respectively, in g/100 ml. The
subscripts 1, 2 and 3 refer to A, (229 nm), A, (248 nm) and
A5 (272 nm), respectively.

Matrix notation greatly simplifies matters and easily solves
the system of equations with three unknowns, as shown

901

below:

Aoy Bl |G
A=, By 72| |Cy
As| o By ;) |Gy

or A=E.C (16)

This matrix can be easily solved by means of Cramer’s rule
and the concentration of each active compound in the ternary
mixture was determined by solving the following operations:

A B
A B s
Ay By 7s
o B
o B v
o By vs

an

The concentration of the other active compounds, C, and C;,
are computed in the same way.

Experimental

Instruments A Shimadzu UV-160 double beam UV-VIS spectropho-
tometer possessing a fixed slit width (2 nm) connected to a computer loaded
with Shimadzu UVPC software were used to record the absorption spectra.
The application of Kaiser’s technique, the regression and statistical analysis
were achieved by using the MATLAP 6.5 and EXCEL softwares.

Commercial Tablet Formulation A commercial tablet formulation
(EXCEDRINE® MIGRANE coated tablets produced by Bristol-Myers
Squibb Co., U.S.A., and Batch no. 306532) contains 250 mg PAR, 250 mg
ASP and 65mg CAF per tablet. The pharmaceutical tablets of their active
compounds were analyzed using the multivariate spectral calibration models.

PAR, ASP and CAF were kindly donated from Turkish Pharmaceutical In-
dustrial firms.

Standard Solutions Stock solutions containing 50 mg/100ml PAR,
ASP and CAF were prepared in 0.1 M HCI. A standard series of the solutions
containing 5—25 ug/ml for PAR, ASP and 4—28 ug/ml for CAF was ob-
tained from the stock solutions. A validation set consisting of 15 synthetic
mixture solutions in the concentration range of 5—20 ug/ml PAR, ASP and
4—28 ug/ml CAF was prepared by using the same stock solutions. All the
solutions were prepared freshly and protected from light.

Analysis of Tablet Twenty tablets were weighted and powdered in a
mortar. A tablet amount was transferred to a 100-ml calibrated flask and dis-
solved in 100ml 0.1 M HCI. After dissolution process prepared solutions
were filtered with 0.2 um disposable membrane filter (Sartorious, minisart,
¢=0.20 um) by using an injector. The final solution was diluted to the work-
ing concentration range for the application of the three optimized mathemat-
ical calibration models.

Result and Discussion

Figure 1 shows the absorption spectra of three active com-
pounds PAR, CAF and ASP ranging from 210 to 300 nm.
The spectra are strongly overlapped in this spectral range and
this makes impossible the quantitative analysis of these three
compounds using the classical analytical methods based on
the regular absorption measurements. In this study two math-
ematical models TLRC and MLRC were utilized for the
multi mixture analysis and third one (GRS) used as an alter-
native method.

For the construction of TLRC and MLRC methods the
standard series of solutions were prepared in the concentra-
tion range of 4—28 ug/ml for CAF and 5—25 ug/ml for
PAR and ASP in 0.1 m HCI. The absorption spectra of pre-
pared solutions were recorded over the wavelength range of
210—300nm and then used for the construction of TLRC
and MLRC. The construction of models based on the use of
the linear regression functions was done by applying simple



Vol. 53, No. 8

902

‘punod

W09 PasATeUE A JO UOHEHUIIUOD =) ‘JUIIOYJ0I UONB[ALIOD JO J01I0 pIepue)s=()gS ‘dootojur Jo 10110 prepues=(e)gs ‘dos jo 10110 prepueis=(q)gs ‘uonenbo uorssaISor Jo JUIIDYFI0I UONE[LI0d = ‘Punodwiod pasA[eue dy) Jo 90ULQIOSqe =Y

S100°0 1000°0 91000 66660 9000°0— DSI10°0=V 65000  €0000 95000 66660 £€9L0°0— DOT8Y0'0=V 6€£00°0 20000 I¥00°0 LL66'0  ¥LOO'0— DE9000=V 08T
81000 1000°0 81000 66660 0000°0— D6C10°0=V 69000 0000 99000 66660 6880°0— D0LSO'0=V 1000  €000°0  €¥00°0 LL66'0  SLOO'0— DL900'0=V  9LT
€200°0 1000°0 +¥200°0 66660 8000°0— DOTS100=V CLO0'0 0000 69000 66660 L£60°0— D€090°0=V £700'0  €000°0  SPOO0'0 €660  8L00'0— DE9000=V  TLT
L2000 20000 6200°0 86660 €100°0— D6910°0=V L9000  +000°0  ¥9000 66660 9€60°0— D86S0°0=V €700°0  €000°0  SFO00 69660  0800°0— D09000=V  0LT
0€00°0 20000 €000 66660 #€00'0— DETTO'0=V 89000  +000°0 §900°0 66660 §980°0— D0SS0'0=V ¥#00°0  €000°0  9¥00°0 9S66°0  1800°0— DIS000=V 99T
8+00°0 £000°0 0500°0 66660 $900°0— DL0E00=V 1S00°0  €000°0  8¥00°'0 00001 LYL0'0— D990 0=V S¥00°0  €000°0 87000 S€66'0  €800°0— D¥PF00'0=V  T9C
79000 +000°0 §900°0 66660 IT10°0— D90+0'0=V ¥€00°'0  T0000 €€00°'0 00001 +650°0— D0LEO'0=V 8%00°'0  €000°0 0S00'0 1C66'0 €800°0— DIY000=V  8ST
£€800°0 §000°0 L8000 86660 7S10°0— D9050°0=V €200°'0 10000  TTOO'O  0000°T LSY0'0— DI8T00=V 05000 €000°0 TSO0'0 €£66'0 €800°0— DLYOO'0=V  ¥SCT
96000 9000°0 0010°0 86660 S910°0— DTLSO0=V 9100°0 10000 91000  0000°T 9L£0°0— DSTL00=V €500°0  €000°0  9S00°0 €S66'0  €800°0— D09000=V  1SCT
S010°0 L0000 0110°0 86660 LLTO'0— D0290'0=V 60000 00000 80000 00001 L1€0°'0— D9810°0=V 96000  +000'0 65000 SL66'0  8L00'0— D9800°0=V  8¥C
11070 L0000 0ZI0°0 86660 LLTO'0— D6¥90°0=V L0000 00000 L0000 00001 00€0°0— D8LI00=V ¥S00°0  €000°0 LSO00 €666'0 8S00°0— DI9I00=V  ¥¥C
60100 L0000 Y110°0 86660 0L10°'0— DI1€90'0=V 1100°0 10000  0T00°'0  0000°T 6S€0°'0— DLITO'0=V IL00°0  S000°0 SLOO'0 96660 1¥#00°0— D08C0'0=V  0VvCT
96000 90000 1010°0 86660 er10°0— D9950°0=V 02000 10000 61000 00001 6970'0— D6870°0=V ¥800°0  S000'0 88000 L6660 S1000— DIIV00=V  S€CT
0600°0 90000 $600°0 86660 STI0'0— D9150°0=V 02000 10000 61000 00001 8CS0'0— DITE00=V $600°0 90000 66000 L6660 I100°0— DSSY0O'0=V  TET
+¥800°0 §000°0 88000 86660 2010°0— D0LY0'0=V §200'0 10000  +200°0  0000°1 2960'0— DTre0' 0=V 66000 90000 +0I00 L6660 0100°0— D99+0°0=V  6CC
L9000 000°0 1L00°0 86660 $800°0— DITH0'0=V 0€00°'0  2T000'0 62000 00001 §090°0— D0LEO 0=V 86000 90000 <COI0O0 L6660 91000— D6¥¥0°0=V  9TC
+900°0 +000°0 L9000 86660 9L00°0— DL8E0'0=V 8€00°'0  TO000'0  9€00°0  0000°T 8690°0— DS0¥0'0=V 96000 90000 10100 L6660 0TO0'0— D9¢+0'0=V  ¥CC
29000 #000°0 §900°0 86660 2900°0— DESE00=V L¥00°'0  C000°0  S¥00°'0 00001 €5L0°0— DO8970°0=V 96000 90000 10100 96660 0T00°0— D96€0°0=V  TCT
()ds (®)Aas (@gs i uonenba uorssaIgoy )4gs (®)gs (@ds i uonenba uorssaIgoy ()4ds (®)As (@ds A uonenba uorssaIgoy
Y
Avd VD dSV
SyISuo[aABA) UYSIH JE S)NSOY [eONSHEIS S PUk SISA[eUY UOISSAIFoY Jedur] | J[qeL

230 240 250 260 270 280 290 300

220

2oueqlosqy

Wavelength (nm)

) in the Concentra-
b;) 15 pug/ml, (a,

-), ASP (

Absorption Spectra of PAR (----

Fig. 1.

b,)
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(c,) 4 ug/ml, (c,) 10 pg/ml, (c;) 16 ug/ml, (cy) 22 pg/ml and (c5) 28 pg/ml in

0.1m HCI1

mathematical algorithms given in the methodology section.

the synthetic mixture solutions of PAR, CAF and ASP pre-
pared in the same concentration range with the standard se-

The validation of these methods was carried out by analyzing
ries.

TLRC Technique This method based on the selection of
critical wavelengths in the working spectral range of three
active compounds. For three compounds, eighteen wave-

length points were selected and each wavelength point was
represented by a linear regression function. The calculated

linear regression functions and their statistical results were

shown in Table 1. The obtained results were reliable for the

construction of TLRC model.

The sensitivity matrices indicated in Table 2 were created
by the slope values of the linear regression functions for each

compound in the ternary mixture of PAR, CAF and ASP. Ac-
cording to the wavelength selection technique of Kaiser,'®

the best sensitivity for the construction of TLRC model was
obtained from the absolute values of the determinant of the

sensitivity matrices. In this treatment, different 816 three-
pairs of the sensitivity matrices were possible for the selec-

tion of optimum three-wavelength set. This result was calcu-

lated by using the following formula (18):

(18)

p!
(p—n)!n!

where C? is the number of three pair of sensitivity matrices,
p is the number of wavelengths and # is the number of com-
ponents. The results of the computing process corresponding
to the determinant value of sensitivity matrices in different
816 three-pair combinations contain 3-dimensional structure

as shown in Fig. 2. An optimum three-wavelength set having
the highest determinant value of the sensitivity matrices

which correspond to six maximum was found as 229, 248
and 272 nm for the TLRC model. The individual linear re-

gression functions for each compound at this selected three-
wavelength set were presented in Table 1. The following sets

of functions were created for the TLRC technique.
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Table 2. The Obtained Sensitivity Values of ASP, CAF and PAR Using
Single-Component Regression Analysis at Eighteen Wavelengths

Wavelength (nm) BpX107° BeapX 107 Bpyp X107
222 39.6 46.8 353
224 42.6 40.5 38.7
226 44.9 37.0 42.1
229 46.6 342 470
232 45.5 32.1 51.6
235 41.1 28.9 56.6
240 28.0 21.7 63.1
244 16.1 17.8 64.9
248 8.6 18.6 62.0
251 6.0 22.5 572
254 4.7 28.1 50.6
258 4.1 37.0 40.6
262 4.4 46.6 30.7
266 5.1 55.0 223
270 6.0 59.8 16.9
272 6.3 60.3 152
276 6.7 57.0 12.9
280 6.3 48.2 115
x10°
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Fig. 2.  An Optimum Three-Wavelength Set Corresponding to Six Highest
Determinant Values Obtained from 816 Sensitivity Matrices in 3-Dimen-
sional Space by Using the Kaiser’s Technique

Six maximum indicates the negative and positive determinant values of sensitivity
matrices which correspond to the wavelengths 229, 248 and 272.

Ayzos A iy, =0.0466 - Cu5p+0.0470 - Cpy +0.0342 - Cpp—0.0470

Dggss Ay, =0.0086 - Cu5p+0.0620 - Cpu +0.0186 - Cpp—0.0218  (19)

Ayras Ay =0.0063 - C pgp+0.0152 Cpp +0.0603 - Co e —0.1007

The TLRC algorithm previous section was subject to the
above set of functions equation set by means of the linear al-
gebra, also known as matrix mathematics. The constructed
TLRC calibration was used for the analysis of the synthetic
mixtures and tablets.

MLRC Technique The MLRC algorithm using linear alge-
bra contains its application to n-linear regression functions at
n-wavelength set in the working spectral range. This MLRC
approach is analogous to TLRC model, but MLRC uses n-
wavelength procedure instead of three-wavelengths. The
MLRC does not require the Kaiser’s technique for the selec-
tion of wavelength set. In our case an eighteen-wavelength

903

set was chosen for the linear regression analysis between
each compound’s standard series and its absorbance values.
For this procedure, the eighteen-wavelengths set (222, 224,
226, 229, 232, 235, 240, 244, 248, 251, 254, 258, 262, 266,
270, 272, 276, 280nm) at the critical points, which corre-
spond to the maximum, shoulder and minimum in the spec-
tral range 210—300 nm were selected for the construction of
the linear regression of PAR, CAF and ASP in the ternary
mixture. Eighteen linear regression functions for each com-
pound were obtained by measuring the absorbance values at
this eighteen-wavelengths set (see Table 1). The set of func-
tions (20) obtained from Table 1 were arranged as:

Ay Ay, =0.0396 - C,i5p+0.0353 -
Ayss Ay, =0.0426- 15, +0.0387 -

Cpap+0.0468 - Cp i —0.0711
Cpap+0.0405 - Cp o —0.0602

Az Ay, =0.0449 - C i p+0.0421 - Cpy +0.0370 - C 5 —0.0535
Ayzn A iy, =0.0466 - C,u5p+0.0470 - Cpo +0.0342 - C o, —0.0470
Ayss A iy =0.0455 - C,ugp+0.0516 - Cpa +0.0321 - Cpp—0.0414
gz Ay, =0.0411 - Cigp+0.0566 - Cpu +0.0289 - Cp—0.0342
gar Ay, =0.0280 Cu5p+0.063 1 - Cpy +0.0217 - Cp—0.0231
gas Ay, =0.0161 - Cu5p+0.0649 - Cpu +0.0178 - C 0 —0.0182
Dgass Ay, =0.0086 - C,u5p+0.0620 - Cpo +0.0186 - Cppp—0.0218  (20)
st Ay, =0.0060 - CygpF0.0572 - Cpp+0.0225 - Cp—0.0295
ysis Ay, =0.0047 - Cygp+0.0506 - Cpp+0.0281 - . p—0.0386
s Ay, =0.0041 - Cp+0.0406 - Cpp +0.0370- C.p—0.0567
s A, =0.0044 - Cp+0.0307 - Cpp +0.0466 - C;—0.0765
Asgr Ay, =0.0051 - Cgp+0.0223 - Cpp +0.0550 - Cp—0.0912
Ayrr A, =0.0060 - C gp+0.0169 - Cpy+0.0598 - C.p—0.1003
Ay Ay, =0.0063 - CpgpF0.0152 - Cpp +0.0603 - Cp—0.1007
Ayrgr Ay, =0.0067 - Cygp+0.0129 - Cpy +0.0570 - Cp—0.0960
Dgsor Ay, =0.0063 - CgpF0.0115 - Cpp+0.0482 - C.p—0.0842

The MLRC algorithm described in previous section was
applied to the above function set and the obtained MLRC
model was used for the quantitative multiresolution of PAR,
CAF and ASP in ternary mixtures and tablets.

Cramer’s Rule Solution Technique As in the TLRC
model, this calibration model was constructed by using the
absorptivity A] (1%, 1cm) values corresponding to the cal-
culated maximum determinant values at three wavelength set
for 229, 248 and 272 nm. In the region of 210—300 nm, an
optimum three wavelength set of the absorption spectra of
three active compounds are A, (229) for PAR, 4, (248) for
ASP and A, (272) for CAF. By using the matrix calculation
with Cramer’s rule technique, the determination of the three
compounds is possible for direct measurements of ab-
sorbances at 229, 248 and 272 nm in the zero-order spectra.
In the previous section the matrix resolution has been ex-
plained and the parameters are shown in Table 3. As it is seen
in the calculations, Beer’s Law was valid in the concentration
range 4—28 ug/ml for CAF, 5—25 ug/ml for PAR and 5—
25 ug/ml for ASP. The validation of this technique was per-
formed by the analysis of the synthetic mixtures prepared by
mixing known amounts of active compounds. This was ex-
plained in detail in the following sub-section.

Validation of the Optimized Calibration Models The
TLRC and MLRC and CRS models based on the use of indi-
vidual regression functions obeyed Beer’s Law was valid in
the concentration range of 4—28 ug/ml for CAF and 5—
25 ug/ml for ASP and PAR in the ternary mixture.

The validation of TLRC, MLRC and CRS approaches
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Table 3. Absorptivity A} (%1, 1 cm) Values Calculated for PAR, ASP and CAF at the Optimum Three-Wavelength Set Determined by Kaiser’s Technique

ASP CAF PAR
A (nm)
o o, 24 B B B 14 Y2 V3
A,=229 465.42 — — 287.09 — — 479.30 — —
A,=248 — 80.10 — — 155.17 — — 636.66 —
A,=272 — 56.81 — — 511.39 — — 152.55
Linearity range 5—25 4—28 5—25

Table 4. Recoveries Obtained for the Determination of PAR, CAF and ASP in Different Synthetic Mixtures by Proposed Mathematical Calibration Tech-

niques
0,
Added Recovery (%)
(pg/ml) TLRC MLRC CRS
No: CAF PAR ASP PAR ASP CAF PAR ASP CAF PAR ASP CAF
1 52 5.0 20.0 98.5 97.5 97.9 98.7 97.4 97.4 97.9 103.5 101.7
2 52 10.0 20.0 99.2 99.5 99.7 99.4 99.4 99.5 98.7 102.6 100.2
3 52 15.0 20.0 100.2 100.9 100.9 100.5 100.9 100.8 99.7 103.1 100.2
4 52 20.0 20.0 99.3 103.6 99.4 99.5 100.6 99.1 99.0 102.4 98.2
5 52 25.0 20.0 99.3 101.0 100.2 99.5 101.1 100.2 99.1 102.5 98.7
6 52 20.0 5.0 97.6 102.1 100.4 98.5 102.9 100.2 100.6 105.8 98.6
7 52 20.0 10.0 98.9 103.4 99.8 99.6 100.0 99.6 99.7 105.8 98.2
8 52 20.0 15.0 99.3 99.7 99.9 99.8 103.8 99.7 99.4 105.1 98.5
9 52 20.0 20.0 99.1 98.5 99.6 99.2 98.6 99.5 98.8 102.8 98.4
10 52 20.0 25.0 99.4 98.5 99.4 99.2 98.0 99.4 98.9 105.4 98.4
11 4.0 20.0 20.0 99.0 102.7 99.7 99.5 100.3 99.5 98.7 105.9 98.5
12 10.0 20.0 20.0 98.7 100.2 99.1 98.9 100.3 99.0 98.5 101.4 98.0
13 16.0 20.0 20.0 98.2 101.3 100.0 98.9 101.3 99.8 98.1 101.5 99.0
14 22.0 20.0 20.0 99.8 98.4 100.2 99.4 98.4 100.2 99.8 100.8 99.3
15 28.0 20.0 20.0 97.4 98.3 100.0 98.1 98.4 99.9 97.5 1014 99.3
Mean:  98.9 100.4 99.7 99.2 100.1 99.6 98.9 103.3 99.0
RSD 0.76 1.97 0.69 0.6 1.8 0.8 0.8 1.7 1.0

SD=standard deviation. RSD=relative standard deviation.

were checked by the quantitative analysis of the synthetic
mixtures containing various concentrations of subject three
compounds. Results of the means, recoveries and the relative
standard deviations of the mathematical calibration models
were computed and indicated in Table 4. The results showed
that the calibration models gave satisfactory results in the
case of overlapping spectra of PAR, CAF and ASP according
to the recovery study.

In the prediction step the standard error of calibrations
(SEP) were found to be as 0.2306 for ASP, 0.1917 for CAF
and 0.0917 for PAR using TLRC, 0.1793 for ASP, 0.1844 for
CAF and 0.1074 for PAR using MLRC and 02736 for ASP,
02360 for CAF and 02762 for PAR using CRS according to
the difference between added and predicted concentrations.
The SEP values of MLRC were obtained smaller than those
obtained for TLRC and CRS. The SEP values indicate that
the MLRC in determinations gave better performance than
TLRC for the quantitative resolution of ternary-mixtures of
active compounds ASP, CAF and PAR.

For the analytical validation of the proposed numerical
calibration models, TLRC, MLRC and GRS, the standard ad-
dition method was applied. The findings of methods showed
that three methods give precise and reliable results. In appli-
cation of standard addition technique to tablets, the statistical
results for the TLRC, MLRC and CRS were calculated and
indicated in Table 5 for six replicate. The results also confirm

the precision and accuracy of the proposed mathematical cal-
ibration models and the excipients in tablets do not interfere
in the analysis of the active compounds.

In the standard addition technique, we applied a one-way
ANOVA test to the experimental results of three calibration
models as shown in Table 6. The statistical results with %95
of confidential limit indicate that there is no significant dif-
ference among all the proposed mathematical models in re-
spect to tabulated values (critical).

Tablet Analysis Tablet analysis by applying the TLRC,
MLRC and CRS methods were conducted and the obtained
results were shown in Table 7. The experimental results and
label claim of tablets showed good coincidence. The numeri-
cal values of all statistical parameters calculated in Table 8
are acceptable determination limits in application of two
methods and validation method CRS to the tablets.

The statistical results obtained by comparing TLRC,
MLRC and CRS in the quantitative analysis of tablets were
summarized in Tables 7 and 8. In this comparison of pro-
posed mathematical approaches, #-, F- and one-way ANOVA
tests were applied to the assay results. The results with %95
of confidential limit indicate that there is no significant dif-
ference between three multivariate models in respect to tabu-
lated values (critical).
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Table 5. Results of Standard Addition Method Applied to Commercial Tablet Preparation by the Proposed Calibration Techniques
mg/tablet
Calibration technique TLRC MLRC CRS
Parameter ASP CAF PAR ASP CAF PAR ASP CAF PAR
Mean: 250.1 63.9 244.8 249.1 63.8 245.5 248.3 66.7 244.6
Standard deviation 0.50 0.32 0.70 0.88 0.93 0.80 0.50 1.19 1.94
Relative standard deviation 0.20 0.50 0.28 0.35 1.45 0.33 0.20 1.79 0.79
Standard error 0.20 0.13 0.28 0.36 0.38 0.33 0.20 0.49 0.79
Confidential limit (P=0.005) 0.40 0.26 0.56 0.70 0.74 0.64 0.40 0.96 1.55

Label claim (mg): 250 mg PAR, 250 mg ASP and 65 mg CAF per tablet. Results obtained are average of 6 replicate for each method. SE=standard error, CL=confidential

limit.

Table 6. The Analysis of Variance (ANOVA) in Application of Three Methods to Commercial Pharmaceutical Preparation

Source of SS MS F test
valrliation df Ferit
PAR CAF ASP PAR CAF ASP PAR CAF ASP
Between groups 2.62 6.20 1.039 2 1.31 3.10 0.52 2.03 3.15 0.38 3.68
Within groups 9.70 14.76 20.34 15 0.65 0.98 1.36
Total 12.33 20.96 21.38 17
SS: sum of squares, df: degree of freedom, MS: mean squares.
Table 7. Results Obtained in the Pharmaceutical Dosage Forms by the Proposed Calibration Techniques
mg/tablet
Calibration technique TLRC MLRC CRS
Parameter ASP CAF PAR ASP CAF PAR ASP CAF PAR
Mean 251.4 64.6 246.0 252.1 64.4 242.8 250.5 66.8 245.4
Standard deviation 2.38 1.43 2.06 3.56 0.72 3.73 2.69 0.91 1.81
Relative standard deviation 0.95 221 0.84 1.41 1.12 1.54 1.07 1.36 0.74
Standard error 0.79 0.48 0.69 1.19 0.24 1.24 0.90 0.30 0.60
Confidential limit (P=0.05) 1.55 0.93 1.35 2.33 0.47 2.44 1.76 0.59 1.18
t-test (P=0.05) 0.50 0.50 0.02 0.54 0.37 0.01 2.30 (t-critical value)
F-test 1.29 2.01 1.28 1.49 1.94 1.75 3.44 (F-critical value)
Table 8. The Analysis of Variance (ANOVA) in Application of three Methods to Commercial Pharmaceutical Preparation
SS MS F
e o
PAR CAF ASP PAR CAF ASP PAR CAF ASP
Between groups 11.38 1.24 1.822 2 5.69 0.62 0.91 0.7 0.52 0.28 3.4
Within groups 204.3 28.6 77.91 24 8.51 1.19 3.25
Total 215.7 29.8 79.73 26
Conclusions algorithms based on linear algebra can be considered suitable

The TLRC and MLRC models based on the linear regres-
sion functions were optimized and applied to the quantitative
multiresolution of ternary mixtures containing PAR, ASP
and CAF without any pre-treatment and graphical procedure
in the presence of very closely overlapped spectra. Another
alternative calibration technique CRS was also subjected to
the simultaneous analysis of the same ternary mixture analy-
sis. The present traditional methods require a priori separa-
tion step as chromatographic method that brings high cost
and time consumption for the analysis of tablets. The appli-
cation of TLRC, MLRC and CRS using special mathematical

methods for a precise, accurate, rapid and less expensive de-
termination of subject three compounds in samples. This can
be considered as an advantage of new mathematical calibra-
tion models TLRC, MLRC and CRS techniques over other
spectrophotometric methods for the quantitative resolution of
ternary mixtures. Consequently, TLRC, MLRC and CRS
models can be applied to the routine analysis, quality control
of multi-component mixtures and commercial pharmaceuti-
cal preparation containing the subject compounds.
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