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ABSTRACT

In present paper, Sulfamethoxazol e and Trimethoprim -whose spectrashow
complete spectral overlap intheir absorbing range (200-320)- were analyzed
using three analytical techniques: two multivariate techniques- Partial least
squares (PLS) and principal component regression (PCR)- and univariate
first derivative on ratio spectra. These techniques do not require preceding
extraction steps. The models were built using thirteen calibration samples
and the accuracy of the results from developed models were tested by
application on independent validation samples and market samples. The
developed models show mean percentages recoveries of 101.07+ 0.967,
100.92+ 1.174 and 100.64+ 0.806 for PLS-1, PCR and Svitsky Golay deriva-
tiveratio for Sulfamethoxazole and mean percentagesrecoveriesof 100.44+
0.993,100.37+ 1.132 and 100.20+ 1.251 for PLS-1, PCR and Svitsky Golay
derivative ratio for trimethoprim . Being accurate, precise, rapid and rela
tively inexpensive; these methods can be used for the quality control labs
inthe routine analytical work on this pharmaceutical mixture.
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INTRODUCTION

Multivariate cdibration techniqueswhich areunder
abranch of chemometricshad played great rolein the
| ast three decadesin the analysis of multicomponent
systemsthat wereprevioudy very difficult if notimpos-
s bleto be solved usng smplespectrophotometric tech-
nigues and needing expensive, time consuming tech-
niquesfor their analysislike HPLC.

Classcal least squares(CLS), inverseleast squares
(ILS), principa component regression (PCR) and par-

tial least squares(PLS) arethemost widely known and
used chemometric techniques. PCR and PLSaremore
widely used for the analysisthan CLS as CL S needs
the completeknowledge of the componentsinthesys-
temto beanayzed while PLS and PCR techniques can
work in absenceof thiscondition. PLSand PCR were
used together or at least one of them in theanalysis of
many pharmaceutica mixturesrecently*s.

Also derivative spectrophotometric techniqueswith
zero crossi ng pointsand derivativerati o spectrophoto-
metrictechniquesplay agrest roleinresolving overlap-
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ping peaksand allow for s multaneous spectrophoto-
metric analysisof drugswith overlgpping spectra.
Inthispaper; PLS, PCR dongwithfirst derivative
on ratio spectra were used for the analysis of
sulfamethoxazole (4-Amino-N-(5-methyl-3-
isoxazolyl)benzenesulfonamide) (SMZ) and
trimethoprim (5-[(3,4,5- Trimethoxyphenyl )methyl]-2,4
pyrimidinediamine) (TMP) pharmaceutica mixture This
mixtureisused in pharmaceutical market asantibacte-
rial dosageformin thetrestment of respiratory and uri-
nary tract infections. Thisdrug mixture had been ana-
lyzedintheliteratureusing different anaytica techniques
including: ratio derivative spectrophotometry with si-
multaneous standard additions method®, differential
pulse voltammetry!:%, HPLCI*18 | C/MS/M S,
Few paperswere published for theandysisof thismix-
tureus ng somechemometrictechniques. PLSand PCR
on HPLC-DAD dataat fivewavelengths?Y, orthogo-
nal signal correction- Partial least squares (OSC/
PLS)?, [PCRand PLS]'*! had been used giving bad
resultsfor sulfamethoxazole of 107% with percent rla
tive prediction errorsof 10.4 and 109% with percent
relative prediction errors of 10.8 for PCR and PLS,

respectively.
Principle Component Regression(PCR)

Thisisachemometric technique based onthein-
verseexpression of Beer’s law. PCR is one of the most
widely applicablechemometric techniqueasitisfull
spectrum techniquewhich doesnot requirethe knowl-
edge about interfering substancesin the systemto be
analyzed. Itsmain disadvantageisthat it consdersthe
concentration matrix to beerror freewhichisnot true
intherea situations.

PCR had been successfully used for theanalysis
of SMZ-TMP mixtureaswill be shownintheresults
section.

Partial Least Squares(PLS)

Itissimilar to PCR being based ontheinverseex-
pression of Beer’s law. PLS differs from PCR in that it
considersthe concentration matrix aso susceptibleto
error and perform simultaneous decomposition of both
spectra and concentration matrices.

PL S had been successfully used for theanalysis
of SMZ-TMP mixtureaswill beshownintheresults
section.

DerivativeRatio Spectrophotometry

—— Fyll Peper

Inthistechnique, the spectraof one component is
either divided by the spectrum of the other component
that gives best quantitative results or divided by the
normalized spectrum of the other component and | ook-
ing for the peak place at which thefirst component can
be determined i n the mixture spectrawithout being af-
fected by the other component.

EXPERIMENTAL

Apparatusand software

A Shimadzu UV 1800 doubl e-beam spectropho-
tometer connected to acomputer |oaded with Shimadzu
software UV prob 2.32 was used (Hiroshima, Japan).
UV spectrawere recorded using a 1-cm quartz cell;
the scan rangewas 200-400nmwith Inmintervas. The
computationsweredoneusingthe Matlab 7.1 software,
and our own written codesfor calculating PLS-1, PCR
according to the algorithmg24 and matlab code for
Savitsky Golay derivativecalculation.

Samplesand reagents
Samples
Puresamples
Sulfamethoxazole

Sulfamethoxazole was kindly supplied by
GlaxoSmithKline pharmaceutical company certifiedto
contain 100.3%.

Trimethoprim
Trimethoprim was kindly supplied by

GlaxoSmithKline pharmaceutical company certifiedto
contain 99.8%.

Market samples

A commercid pharmaceuticad formulation (Septrin)
tablets produced by GlaxoSmithK ine pharmaceutical
company Batch n0.092172A labeled to contain 800
mg sulfamethoxazoleand 160 mg trimethoprim per tab-
let was obtained from thelocal market.

Reagents

Methanol was of analytical spectroscopic grade
and obtai ned from El-Nasr Pharmaceutical Chemi-
cals Company.

Sandard solutions
Sock solutions
Stock solutions of sulfamethoxazole and
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trimethoprim were prepared by dissolving 0.1 gm of
each druginleast amount of methanol spectroscopic
gradein 100 mL volumetricflask and completingtothe
mark with distilled water and so obtaining Img/mL stock
solution for both components.

Working solutions

Working solutions of sulfamethoxazole and
trimethoprim were prepared by diluting 50 mL and 10
mL of stock solutions of sulfamethoxazole and
trimethoprim, respectively in 250 mL volumetric flask
and completing tothemark with distilled water to ob-
tainworking solutionsof 200 pg/mL and 40 pg/mL of
sulfamethoxazol e and trimethoprim respectively.

Multilevel multifactor experimentd desgnwasused
for the construction of 25 binary mixture solutions. A
five-level two-factor designwasused. The concentra-
tionsof sulfamethoxazolearerangingfrom (32 ug/mL
t0 48 ng/mL) and the concentrations of trimethoprim
arerangingfrom (6.4 ng/mlL to 9.6 ug/mL). From these
25 mixtures, the odd sampleswere chosento be used
inbuildingthemodd (calibration samples), whilethe
even samples were used to build the validation set.
(TABLE 1) showsthe concentrations of thetwo com-
ponentsin the 25 prepared mixtures.

Pharmaceutical preparations

Tentabletswereaccurately weighed and powdered
and anamount equivaent to oneeighth tablet wastaken
and put in contact with 30 mL of methanol involumetric
flask 100 mL and the volume completed to the mark
with distilled water. The flask was subjected to me-
chanica shakingfor 30 minutesto ensurecompletedis-
solution of thetwo activeingredients, and thenthe so-
Iution wasfiltered. Thereceivingflask waswashed with
part of thefilterate. 4 mL of thefilteratewastakenin
100 mL volumetricflask and then thevolumewascom-
pleted to the mark with distilled water. Thissolution
was measured spectroscopicaly.

General procedure

The absorption spectraof calibration set, valida
tion set and pharmaceutica preparation wererecorded
intherange 200-400 nm. Thespectraweretransferred
to Matlab softwareversion 7.1 for signa processing
andandysis.

RESULTSAND DISCUSSIONS

Hnalytical CHEMISTRY o

TABLE 1 : Concentrations of sulfamethoxazole and
trimethoprimin the25laboratory prepared mixtures.

Sample Sulfamethoxazole Trimethoprim
no. (ng/mL) (ng/mL)
1 40 8
2 40 6.4
3 32 6.4
4 32 9.6
5 48 7.2
6 36 9.6
7 48 8
8 40 7.2
9 36 7.2
10 36 8.8
11 14 9.6
12 48 8.8
13 14 8
14 40 9.6
15 48 9.6
16 48 6.4
17 32 8.8
18 44 6.4
19 32 8
20 40 8.8
21 44 8.8
22 14 7.2
23 36 6.4
24 32 7.2
25 36 8
Spectral features

The spectrain (Figure 1), show compl ete spectral
overlap between the pure spectraof both trimethoprim
and sulfamethoxazoleintheir spectrally activerange
(200-320). It is dso shown that the absorbance of
trimethoprim is very low in comparison to that of
sulfamethoxazolein ther ratio in the pharmaceutical
preparation (1:5) respectively.

Application of themode son calibration samples

For PLS-1, themodel wasbuilt using thecalibra-
tion samples, the number of optimum latent variables
was determined by plotting the cal culated predicted re-
sidua error sum of squares (PRESS) against thenum-
ber of latent variables. It wasfound that four latent vari-
ablesaretheoptima number for Sulfamethoxazolebuilt

Au Tudian Yournal
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Sulfamethoxazole spectrum () and timethoprim (in solid ling)
25 T T T T T
.
-
-
.,
2L _
P
® 1.5 °- _
§ . S,
2 . K o
o . = .
- F ¢ >,
% T % s -c. N
\ v"" %,
s
Ly .,
054 L% -
N\ Y
0 L I I 1 - h‘r\k
200 220 240 260 230 300 320
Wavelength

Figurel: Showingthepurespectraof sulfamethoxazole(....)
and trimethoprimin solid linein their ratioin the phar ma-
ceutical preparation.
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Figure 2 : Showing the plot of PRESS against number of
latent variables Showing the optimal number at four latent
variablesfor sulfamethoxazole.

modd asshownin (Figure2). It wasfound a so that the
optimal number of latent variablesfor trimethoprimis
threeasshownin (Figure3).

For PCR, It wasfound that three components suf-
ficiently model the data by |ooking to the percentage
varianceand cumul ative percentage variance scanned
by different numbersof latent variables. It wasfound
that three principal components scan 100% of thevari-
anceinthe spectra. For derivativeratio spectroscopy,
it wasfoundthat for trimethoprim thebest window size
1S9 pointswith peak at 240nm and correl ation coeffi-
cients0.993, whilefor sulfamethoxazol €] it wasfound

—— Fuyl] Paper
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Figure 3 : Showing the plot of PRESS against number of
latent variables Showing theoptimal number at threelatent
variablesfor trimethoprim.

that the optimumwindow sizeis7 with peak at 252nm
and correlation coefficients 0.998. (Figure4) shows
thederivativeratio spectraof the calibration samples
for the determination of Sulfamethoxazole, while (Fig-
ure5) showsthederivativeratio spectraof thecaibra-
tion samplesfor the determination of Trimethoprim.
(TABLE 2) showsthe results obtained from the
application of the devel oped modelsonthecdibration

=

Table2: Resultsfrom application themodeson thecalibration
samples

Sulfamethoxazole Trimethoprim
Sample Savitsky Savitsky
nNo. PLS1 PCR Golay PLS1 PCR Golay
Der.rat Der.rat
1 100.53 100.51 100.57 100.72 100.72 100.80
2 100.49 10046 99.69 99.88 99.89 100.29
3 100.87 100.88 100.10 100.32 100.35 98.79
4 99.71 99.71 100.08 99.27 99.25 98.37
5 99.74 99.71 100.47 100.45 100.46 101.11
6 99.37 99.34 100.70 99.06 99.04 99.98
7 98.93 98.92 98.69 100.00 100.00 99.16
8 99.16 99.13 100.28 99.32 99.29 98.68
9  100.67 100.72 100.48 100.07 100.08 101.51
10 100.12 100.16 99.43 9953 99.54 100.12
11  100.06 100.09 99.83 100.70 100.71 100.77
12 100.56 100.59 99.69 100.16 100.18 99.32
13  100.87 100.90 100.83 101.17 101.18 101.09
mean 100.08 100.09 100.06 100.05 100.05 100.00
SD. 0653 0670 059 0632 0.645 1.044
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samplesused inbuilding thesemodels.
Testing themodel through validation samples

The devel oped modelsweretested for their pre-
dictability usngindependent validation samplesnot used
in building themodel and the obtained resultsare pre-
sentedin (TABLE 3). Asshown fromtheresults; al the
methods almost perform equally well for
sulfamethoxazol e as shown from the mean and stan-
dard deviation of recoveries of thevalidation samples.
Ontheother hand, therearetwo samplesinthederiva
tiveratio arenot well predicted (samples 8,9). These
samples correspond to the lowest concentration (6.4
ug/mL)—periphery of the space scanned by the experi-

1st der. of the ratio spectra for calibration samples divided by nomalized TMP spectrum
3

135 70 240 70 70 300 320
Wavelength
Figure4: Showsthefirst derivativeof theratio spectrafor
calibration samplesdivided by nor malized trimethoprim spec-
trum (peak at 252nm, window size=7).

st der. of the ratio spectra for calibration samples divided by nomalized SMZ spectrum
5
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Figure5: Showsthefirst derivativeof theratio spectrafor

calibration samplesdivided by nor malized sulfamethoxazole

spectrum (peak at 240nm, window size=9).

mental design- that iswhy the concentration of the mar-
ket sampleshouldfdl inthemiddleof the space scanned
by agood experimenta design wherethebest predic-
tionwill takeplace.

Being multivariate, PLS-1 and PCR had given good
resultsfor thesesamplesasthey extractinformationfrom
many wavel engths (220-300), so they morerobustin
judging the concentrations than derivative ratio
(univariatetechnique) asthey judgethrough informa
tion of many wavel ength not singleonesoif oneerro-
neous otherswill reduceor cancel thiserror.

Application of themodel in themarket samples

The developed model swere gpplied for theanaly-
sisof thedrug mixturein the pharmaceutical prepara-
tion and the obtained resultsweregivenin (TABLE 4).

Asdtated previoudy, dthough therewere some bad

Table3: Resultsfrom application themodelson thevalida-
tion samples

Sulfamethoxazole Trimethoprim
Sample Savitsky Savitsky
no. PLS1 PCR Golay PLS1 PCR Golay
Der.rat Der.rat
1 101.21 101.20 100.10 100.69 100.70 99.93
2 101.98 102.66 102.41 100.75 100.78 102.75
3 100.79 101.43 102.25 101.28 101.31 101.31
4 99.87 99.81 99.27 99.042 99.04 98.49
5 99.67 100.15 100.97 100.21 100.24 101.19
6 99.60 99.27 99.63 99.27 99.25 98.84
7 9951 99.69 99.97 100.60 100.60 102.07
8 98.75 9836 9955 97.63 97.60 94.61
9 99.65 99.78 98.69 9837 9839 9550
10 100.05 100.29 100.12 100.40 100.42 101.51
11 99.97 99.99 9850 100.32 100.32 98.73
12 100.62 101.07 100.28 101.51 101.53 102.08
mean 100.14 100.31 100.15 100.01 100.01 99.93
SD. 0871 1132 1227 1181 1195 2618
RMSEV 0320 0421 0439 0.083 0.083 0.185

resultsinthetrimethoprim samplesusing derivativera:
tio spectroscopy, the prediction of themarket sample
isgood and comparableto the results obtained by the
PLS-1. Thisisdueto the fact that the concentration
chosento beanayzed isinthe center of the experimen-
tal design spacewherebest predictionstake placeavay
from periphery whichismore proneto somevariability
especially in presence of minor component asin our

Hnalytical CHEMISTRY o
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case.

Both F-test and T-test were applied for theresults
to show whether there are any significant differences
between thedevel oped PCR or derivativeratioin com-

Table4 : Resultsfrom application themodelson themar ket
samples

Sulfamethoxazole
Sample Savitsky
no. PLS1 PCR Golay
Der .rat

Trimethoprim

Savitsky
PLS1 PCR Golay
Der rat

100.
44

100.48 100.99
101.04 102.51
100.31 99.75
101.07 100.92
0.967 1.174

0.191

102.44 99.94 100.46 101.28 101.33

101.26
100.11
99.33
100.64
0.806

101.28 100.99
100.98 100.46
99.04 98.75
100.44 100.37
0.993 1.132

99.47
101.19
98.82
100.20
1.251

A WODN PP

mean
SD.
t-test
6(2.447)*
F-test
(9.266)*

RMSEP 0.543

* Theoretical values at 95% confidence limit

parisonto PLS-1 which isthe considered the best quan-
titative chemometric technique. All the calculated val -
uesfor both T-test and F-test are bel ow the tabul ated
vauesindicatingthat thereareno sgnificant differences
between the developed models and that they give
equivaent good andyticd resultsfor theanalysisof this
pharmaceutica drug mixture.
CONCLUSION

1.442 0.093 0.297

1.474
0.549

1.438
0.287

13
0.077 0.084

1.587
0.088

In this paper, two multivariate models (PCR and
PLS-1) dongwith oneunivariatemethod (first deriva:
tiveratio spectroscopy) were devel oped for thesmul-
taneous spectroscopi c andysisof sulfamethoxazoleand
trimethoprim without need for previousseparation. Al-
though the spectraof thetwo componentsare overlap-
ping over thewholespectra rangeand that trimethoprim
gpectrd contributionisvery low (minor component) in
comparisonto sulfamethoxazoleintheir preparationretio
(1:5), the developed models results were accurate
(mean recoveries around 100%) and precise (standard
deviationsarelower than 1.5). Beingfast and rdatively
inexpensive, the devel oped methods can beused in
quality control laboratoriesfor the ssmultaneousanaly-
gsof thispharmaceutica drug mixture.

—— Fuyl] Paper
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