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ABSTRACT KEYWORDS
Five methodswere devel oped for simultaneous determination of pamabrom Pamabrom;
and paracetamol without previous separation. In the first and second meth- Paracetamol;
ods pamabrom and paracetamol were determined using second and third Second derivative
derivative UV spectrophotometry with zero crossing measurement at 301 spectrophotometry;
and 265 nm for second derivative method and at 290 and 257 nm for third Third derivative
derivative method, for pamabrom and paracetamol, respectively. Thethird spectrophotometry;
method depends on first derivative of the ratios spectra by measurements Ratio derivative
of theamplitudesat 271 nm for pamabrom and at 258 nm for paracetamol. spectrophotometry;
The fourth one depends on two wavelength measurement for the total Two wavel ength method;
content of thetwo drugs at 222 and 265 nm, while the content of paracetamol Multivariate;
was determined by measuring the absolute value of the first derivative Pharmaceutical dosage form.

curve at 243 nm. The fifth method describes the use of multivariate spec-
trophotometric calibration for the simultaneous determination of the ana-
lyzed binary mixture where the resol ution isaccomplished by using classi-
cal least squares regression analysis. All the proposed methods were ex-
tensively validated and the results obtained were statistically analyzed
and compared with those obtained by official methods. The results ob-
tained were statistically analyzed and proved to be precise and accurate.
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Pamabrom (PAM) Paracetamol (PAR)
Paracetamol (PAR), chemically 4’-hydroxy acetanil-
ide, isacentrally and peripherally acting non-opioid
analgesic and antipyretici. The USP describes atitri-
metric method for thedetermination of PAR. Litera-
turesurvey revedls, the presence of spectrophotomet-
ric®", Electrochemical®%, HPLC"15 and HPTL Cl*¢
18 methodsreported for theestimation of PAR in phar-
meaceuticd formulations.

Pamabrom (PAM), (8-Bromo-3,7-dihydro-1,3-
dimethyl-1-H-purine-2,6-dione with 2-amino-2-me-
thyl-1-propanal)@, itsstructureissimilar to caffeineand
theobromine and likethese compoundsitisadiuretic,
mild stimulant, and bronchodilator. Hitherto, nomethod
except the USP on€? wasintroduced for the determi-
nation of pamabrom as asinglecomponent. However,
two methods have been reported for determination of
thetwo constituentsin compound PAR and PAM tab-
letsin human plasmaby high performanceliquid chro-
matography!*® 29,

Derivative spectrophotometry has been found to
beauseful method inthe determination of mixtureswith
two or more components having overlapping spectra
andindiminatinginterferencefrom formulation matrix
by using the zero-crossing techniques?+23,

Rati o-spectraderivative spectrophotometric method
has al so been found to be useful in the estimation of
drugsintheir mixtures. Thismethod permitsthe deter-
mination of acomponent intheir mixtureat thewave-
lengths corresponding to amaximum or minimum and
also the use of peak-to-peak between consecutive
maximum and minimum. Themain advantage of de-
rivative of theratio-spectramethod may bethechance
of easy measurementsin correspondence of peaks so
it permitstheuse of thewavel ength of highest value of
anaytical sgnals(maximumor minimum). Moreover,
the presence of alot of maximaand minimaisanother
advantage by thefact that thesewavelengthsgivean
opportunity for the determination of active compounds
inthepresence of other active compounds and excipi-
entswhich possibly interferesthe analysis?-2,

Thetwo wavel ength technique was extended for
theanalysisof two drugsintheir binary formulation.
Where, the spectraof two drugsare crossed at certain
points, these pointsare so-called “isosbestic points”at
which thetwo drugs havethe sameabsorpitivity, sothe
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mixture of thetwo drugs act as single component that
condemnsthe absorbance at i sosbestic pointsasgood
measurements of thetotal concentration of both drugs
incombination, if theconcentration of either two drugs
could be determined, separately, the concentration of
the second one could be cal cul ated by subtraction 2"
28]

Thedassical least squares(CLS) method of analy-
sisisoneof thesmplest multivariate methodsthat can
be performed with readily acceptabl e statistical soft-
ware. By using multivariate calibration methods, itis
possible to obtain amodel adjusted to the concentra
tionvauesof the mixturesused in thecdibration stage
and then usethismode to estimatethe anal yte concen-
trationinsamplessuch asdrugsin pharmaceutica prepa:
rationg?+ 230,

Theaim of this paper wasto demonstratethe ca-
pability of second and third derivative spectrophotom-
etry, derivativeratio Spectrophotometry, two wave ength
method and classical |east squaresfor simultaneous
analysisof PAM and PAR in mixtureformwithout the
need of preliminary separation steps. Inwhich, tothe
best of our knowledge no method isavailablein the
literaturefor thesmultaneousdetermination of both drugs
intheir dosageform.

EXPERIMENTAL

Apparatus

UV-Visible Spectrophotometer, Shimadzu UV-
1800 is connected to an IBM compatible computer.
The softwarewas UV PC personal spectroscopy soft-
wareversion 3.7 (Shimadzu). The absorption spectra
of thereference and test solutionswerecarriedoutina
1 cm quartz cells. The data was then exported into
MICROSOFT EXCEL program. The chemometric
ca culationsweredonewith MATLAB 5.3 program.

Chemicalsand reagents

All the chemicalsused were of Analytical Reagent
grade and the solventswere of spectroscopic grade.

Pure sampl es. Pure pamabrom and paracetamol
werekindly supplied by internationa drug agency for
pharmaceutical industry (Portsaid, Egypt). Thelir per-
centage puritieswere certified and anal yzed by officia
USP methods!? and werefound to befor pamabrom
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99.88+0.78 (expressed as 8-bromotheophylline) and
99.744 0.79 for paracetamol. They were used as pro-
vided.

Market samples: Womankit® tablets; eachtabletis
claimed to contain 500 mg PAR and 20 mg PAM, B.N.
11190 (manufactured by I1DI, Portsaid, Egypt for Haya
Pharm) was purchased from Egyptian market.

M ethanol: was obtained from Merck (Darmstadit,
Germany).

Standard stock and working solutions

PAM standard stock solution; 0.5 mg/mL inmetha-
na.

PAR slandard gock solution; 0.5mg/mL inmethanal .

PAM gandard working solution; 0.1mg/mL inmetha:
na.

PAR standard working solution; 0.1mg/mL inmetha:
na.

Procedures

Spectral characteristicsof PAM and PAR

The zero-order (D) absorption spectra of 1-50
pg/mL of PAM and 5-50 pg/mL of PAR solution were
recorded against methanol asablank over therange of
200400 nm.

Construction of calibr ation curves

Aliquotsequivaent to 10-500 pg of PAM and 50-
500 pg of PAR were accurately transferred from their
standard working sol utionsinto two separate series of
10-mL volumetrictasks then completed to volume with
methanol. The spectraof the prepared standard solu-
tionsare scanned from 200-400 nm and stored in the
computer.

Second derivative spectrophotometric method

Thevaluesof the D, amplitudeswere measured at
301 nm (zero-crossing of PAR) and 265 nm (zero-
crossing of PAM) for the determination of PAM and
PAR, respectively. The D, amplitudeswerethen plot-
ted against thefina concentrationsto get thecdibration
graphs. The corresponding regression equationswere
asocaculated.

Third derivativespectrophotometric method

Thevaluesof the D, amplitudeswere measured at
290 nm (zero-crossing of PAR) and 257 nm (zero-
crossing of PAM) for the determination of PAM and
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PAR, respectively. The D, amplitudeswerethen plot-
ted against thefina concentrationsto get thecaibration
graphsand the corresponding regression equationswere
derived.
First derivative of the ratio spectrophotometric
method

For the determination of PAM the stored spectra
of PAM were divided by the spectrum of 40 pg/mL
PAR thenthetrst derivative of the ratio spectra (:DD)
with AA=4nmisaobtained. Theamplitude of thetirst
derivativepeak of (PAM/PAR) ismeasured at 271 nm.
A cdlibration graph relating the peak amplitude at 271
nm to the corresponding concentrationsin pg/mL of
PAM isconstructed.

Alternatively, for the determination of PAR the
stored spectraof PAR were divided by the spectrum
of 40 pg/mL PAM then the Grst derivative of the ratio
spectra(*DD) with AA=4nm isobtained. Theampli-
tudeof thetrst derivative peak of (PAR/PAM) is mea-
sured at 258 nm. A calibration graph rel ating the peak
amplitude at 258 nm to the corresponding concentra-
tionsin pg/mLof PAR is constructed.

Twowaveength method (2is)

In 10-mL volumetric flasks, aliquotsof PAM and
PAR wereaccurately transferred from their correspond-
Ing stock solutions, to prepare mixturescontaining dif-
ferent ratios of each of the two drugsin their binary
mixtures. For andysisof PAM/PAR binary mixture, the
absorbance of the resulting solutionsweremeasured at
222 nmand 265 nm corresponding to thetotal content
of PAM and PAR intheir binary mixtureand thevalues
of the D, amplitudeswere measured a 243 nm (zero-
crossing of PAM) corresponding to the content of PAR.
The concentration of PAR was subtracted from theto-
tal concentrationsof PAM and PAR to get the concen-
tration of PAM. Construct acdibration curverelating
the absorbance of the zero order spectra of PAM at
wave engths 222 nm and 265 nmto the corresponding
concentrationsin pg/ml of PAM. Construct a calibra-
tion curverdating the absorbance of thefirst derivative
spectra of PAR at A= 243 nm to the corresponding
concentrationsin pg/ml of PAR.

Classical least squaresmethod
Twotraining setsfor CLSwere constructed by di-
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[uting different volumesof PAM and PAR working so-
[utionsinto 10-mL volumetric flasksand completingto
volumewith methanol to reach the studied concentra-
tions. Thefirst training set (A1) contains puresamples
of PAM and PAR separately, whilethe second training
st (A2) wascongructed with different mixturesof PAM
and PAR. The zero order absorbance spectra were
measured and stored in the computer. To estimatethe
CLSmodesfor bothtraining set Al and A2, thecom-
puter wasfed with the absorbance and concentration
matrices, then cal cul ationswere carried out and two
models M1 and M2 were obtained for both training
setsAlandA2, respectively.

Determination of PAM and PAR inlaboratory pre-
pared mixtures

Accurately measured adiquotsof theworking stan-
dard solutions of both drugsweretransferred into a
seriesof 10-mL volumetric flasksto prepare severa
gynthetic mixtureswith different ratios. The solutions
werethen diluted with methanol to volume and mixed
well. These prepared mixtureswerethen analyzed as
described under construction of the calibration graphs.

Deter mination of PAM and PAR in Phar maceuti-
cal preparation

For al methods, fivetabletswere pulverized well;
an accurateamount of the powdered tabletsequiva ent
to 10 mg PAM and 250 mg PAR was weighed and
transferred into a100-mL volumetric flask. Thevol-
umewas compl eted with methanol. Theresulting solu-
tion was sonicated for 10 min and filtered thenthe pro-
cedure described under construction of the calibration
graphswascarried out.

RESULTSAND DISCUSSION

PAM isco-formulated with PAR in Womankit® tab-
lets, wheretheconcentration of PAR is25 timesthat of
PAM. Theaim of thiswork isto develop smpleand
accurate methodsfor the determination of both drugsin
presence of each other. Molecular absorption spectros-
copy has been widely used for theanalysisof drugsin
pharmaceutica preparationswith aview to thedevel -
opment of anaytica methods. Theuseof thistechnique
for pharmaceuti cal analysishastheinherent constraint
that most activedrugsabsorbinthe UV region and ex-
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hibit strongly overlapped spectrathat impedetheir 5i-
multaneous determination. From anayzing the zero or-
der absorption spectra of both drugs, it was obvious
that the spectra PAR completely masksthat of PAM
whentherratiois25: 1(PAR: PAM)whichinhibitsthe
analysis of PAM asaminor ingredient in the dosage
form. Ontheother hand, the zero order absorption spec-
tra(D,) of higher concentrations of PAM showed that
PAM exhibitsabsorbancea 248 nmwhichisthe), of
PAR (Figurel), thus, in higher concentrationsthe spec-
traof both drugswill show acertain degreeof overlap
hindering thedetermination of either drugin presenceof
theother.

Second derivative spectrophotometric method
Figure 2 shows the second derivative spectra of

2.000 ; r . . y
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Figurel: Absorption spectraof 25 ug/mL PAM (...... )and
25 pg/mL PAR (—).

PAM whi ch could be determined by measurement of its
D, amplitude at the zero-crossing of PAR at 285 nm
and 301 nm, however, reproduci ble results were ob-
tained at 301 nm. Alternatively, PAR was determined
by measuringits D, amplitudea 265 nm; thezero cross-
ingwavdengthof PAM (Figure2). Thecdibrationgrgphs
wererectilinear inthe concentration ranges 1-50 pg/mL
and 5-50 ug/mL for PAM and PAR, respectively.

Third derivativespectrophotometric method
—  Analytical CHEMISTRY
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The third derivative spectra of PAM (Figure 3)
showed the applicability of itsdetermination by mea-
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Figure?2: Second derivative zer o cr ossing deter mination of
20 pg/mLPAR (—) at 265 nm and 20 pg/mL PAM (......) at
301 nm (Scalefactor of 10).

2320

surement of itsD, amplitudeat thezero-crossingof PAR
at 290 nm. Also, PAR wasdetermined by measuringits
D,amplitudeat 257 nm; thezero crossing wavelength
of PAM (Figure 3). Thecdibration graphswererecti-
linear inthe concentration ranges 1-50 pg/mL and 5-50
pg/mL for PAM and PAR, respectively.

First derivative of the ratio spectrophotometric
method

The main parametersthat affect the shape of the
ratio spectrawhich arewavelength, the concentration
of the standard solution used as a divisor and the
wavelength increment over which thederivativeis
obtained (AL) were carefully tested. Theratio spec-
trapresented in Figure4, 5 and thefirst derivative of
theratio spectrapresented in Figure 6, 7 may provide
agood proof for this understanding. Regarding the
effect of divisor concentration, different concentrations
of divisor (15, 40, 50 ng/mL) for PAM and (15, 30,
40 ng/mL) for PAR were used. The divisor concen-
trations40 ug/mL for both drugs were found the best
regarding average recovery percent when they were
used for the prediction of PAM and PAR concentra-

tionsin bulk powder andin laboratory prepared mix-
tures. Thechoice of wavel ength for the measurement
was carefully studied. For the determination of PAM,
measuring at 223 and 271 nm was carried out, good
linearity was observed but the recovery percent at 271
nmwasthebest, which might beattributed to itshigher
signal to noiseratio. On the other hand, for determi-
nation of PAR, measuring at 233 and 258 nm was

0.011

o.00=2 |

Abs,

“0.007 " 1 " 1 " 1 " 1
240.00 285.00

220.00

Figure3: Third derivative zer o cr ossing deter mination of
20 pg/mLPAR (—) at 257 nm and 20 pg/mL PAM (......) at
290 nm (Scalefactor of 10).
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Figure4: Ratio spectra of PAM (1-50 pg/mL), divisor is 40
pg/mLPAR.
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Figure5: Ratio spectraof PAR (5-50 pg/mL), divisor is 40
pg/mLPAM.
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Figure6: First derivativeof ratio spectra of PAM (1-50 pg/
mL) at 271 nm, using 40 pg/mL PAR as divisor.
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Figure7: First derivativeof ratio spectra of PAR (5-50 pg/
mL) at 258 nm, using 40 ng/mL PAM as divisor.

performed, where better recovery percent was ob-
tained at 258 nm. Good linearity wasobtained inthe
concentration range of 1-50 pg /mL and 5-50 pg/mL
for PAM and PAR, respectively.

Two waveength method (2is)

In the two wavelength method, total concentra-
tion of both drugsin the mixture (T) was determined
at the previously chosen wavelengths. This theory
could be confirmed experimentally by recording the
absorbance spectraof 20 pg/mL of PAM and PAR,
each separately and in amixture containing sametota
concentration (10 pg/mL of each) as shown in Figure
8. The concentration of PAR (B) was determined by
measurement of itsfirst derivative amplitudeat 243
nm (1,); the zero-crossing of PAM, which showed a
linear correlationin the concentration range 5-50 pg/
mL (Figure 9). The concentration of PAM could be
calculated by subtracting B out of T and thelinearity
between the zero order absorption spectraof PAM
at 222 nm (A,) and 265 nm () and the correspond-
ing concentrations of the drug was studied and it
showed good linearity in the concentration range of
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Figure8: Absor ption spectraof 20 pg/mL PAR (—), 20 pg/
mL PAM (——) and a binary mixture of 10 pg/mL PAM and
10 pg/mL PAR (++++).
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Figure9: First derivativezer o crossing deter mination of 20
pg/mL PAR (—) at 243nm against 20 pg/mL PAM (......).

1-50 pg/mL and for PAM.
Classical least squaresmethod

Chemometricsisatechniquethat isgainingwide
application for theresolution of drug mixtures. There-
fore, CLSwasapplied for thesimultaneousdetermina-
tion of PAM and PAR. To produceacdibration using
the CLS, westarted with atraining set consisting of a
concentration matrix, C, and an absorbancematrix R,
for known cdibration samples(the calibration samples
can either bethe pure components separately (training
setA)) or mixture of known concentrationsof the con-
stituents (A,)). Both PAM and PAR inthevaidation
samples are reasonably distributed and span awide
range of concentration for both drugs.

VALIDATION OFTHEMETHODS

Linearity

Thelinearity of the methodswas eval uated by ana-
lyzing 10 concentrations of PAM and 9 concentrations
of PARranging between 1-50 pg/mL and 5-50 pg/mL,
respectively. Each concentration was repeated three
times; inorder to provideinformation onthevariation
of spectrophotometric va uesbetween samplesof same
concentration. Theassay was performed accordingto
theexperimentd conditionsprevioudy mentioned. The
different calibration graphswerefound to berectilinear
over the concentration rangescitedinTABLE 1. The
validity of the proposed method was evaluated by sta-
tistical analysisof theregresson dataregardingthestan-
dard deviation of theresiduals (Sy/x), standard error of
theintercept and the standard error of the slope, where
thesmdll valuesof thefiguresindicatethehigh accurecy
and precision of themethod.

Accuracy and precision

Theaccuracy of theresultswas checked by apply-
ing the proposed methodsfor determination of differ-
ent blind samples of PAM and PAR. The concentra-
tionswereobtai ned from the corresponding regression
equations. From which the percentagerecoverieswere
caculated, then compared with those of officia meth-
ods!@. Statistical analysis®¥ of theresultsobtained by
the proposed and official methods using Student’s t-
test and varianceratio F-test showed no significant dif-
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ferences between them regarding accuracy and preci-
sion, respectively (TABLE2 & 3).
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Intraday (repeetability) and interday (intermediate)
precis onswereassessed using three concentrationsand

TABLE 1: Analytical perfor mancedata of thecalibration graphsfor thedeter mination of PAM and PAR by the proposed

methods.
PAM PAR
Parameter I I

D, Ds DD 2)s D1 (As) D, Ds DD
Selected wave length (nm) 301 290 271 M)222  (\)265 243 265 257 258
Linearity range (ug/mL) 1.0-50.0 1.0-50.0 1.0-50.0 1.0-50.0 1.0-50.0 5.0-50.0 5.0-50.0 5.0-50.0 5.0-50.0
Slope (b) 4.4x10° 50x10* 52x10° 3.2x10° 2.4x10° 21x10° 1.4x10° 2.0x10* -7.2x10°
SE of slope 9.5x10° 2.9x10° 2.0x10° 1.9x10° 1.7x10° 1.5x10° 1.5x10° 1.43x10° 6.4x10°
Intercept (a) -4.6x10%  1.6x10* 1.7x10° 3.0x10% 1.0x10% 1.4x10* 7.5x10" -4.3x10° 4.5x10°
SE of intercept 25x10% 8.1x10° 55x10* 5.0x10° 20x10° 3.4x10* 3.9x10* 3.19x10° 1.8x10°
Syix 3.9x10* 4.9x10° 4.5x10* 29x10" 25x10* 4.1x10* 5.0x10* 3.78x10° 3.0x10°
R? 0.9995 0.9993 0.9997 0.9998 0.9996 0.9997 0.9993 0.9997  0.9994
LOD (ug/mL) 0.29 0.32 0.29 0.30 0.34 0.64 1.18 0.63 1.36
LOQ (ug/mL) 0.89 0.98 0.87 0.91 1.04 1.95 3.57 1.90 413

Sy/x = Standard deviation of residuals, LOD = Limit of detection, LOQ = Limit of quantification.

TABLE 2: Statistical analysis of the results obtained by the proposed methods and official method @ for the analysis of PAM in

pure form.
2hs
Official L D. Ds 'DD CLS
Parameter method% () 222 (32) 265
Recovery* ng/mL Found % Reco Found %Reco Found % Found % Found % Found %
pg/mL  very* pg/mL  very* pg/mL Recovery* pg/mL Recovery* pg/mL Recovery* pg/mL Recovery*
100.88 100 099 9990 099 99.90 1.00 100.01 0.98 98.45 1.01 100.95 1.00 100.00
99.75 500 495 9899 494 9880 4.99 99.75 4.93 98.50 4.88 97.50 5.03 100.50
PAM** 98.99 15.00 1499 99.95 1484 9894 1484 98.95 1514 10095 1491 99.45 1522 10145
99.90 2500 2473 9892 2493 99.72 2498 99.92 24.88 99.52 2513 10052 2529 101.15
40.00 3957 9892 3918 97.95 4017 10042 40.00 100.00 39.82 99.54 40.10 100.25
50.00 49.13 9825 49.67 99.34 49.63 99.25 50.23 10045 50.07 100.14 50.17 100.34
Mean+ SD 99.88+ 0.78 99.16 + 0.65 99.11+0.71 99.72 + 0.53 99.65 + 1.02 99.68+ 1.21 100.62 + 0.56
%RSD 0.78 0.66 0.72 0.54 1.03 122 0.56
N 4 6 6 6 6 6 6
Variance 0.60 0.43 0.50 0.29 1.05 147 0.32
T 1.598 (2.306)  1.625 (2.306) 0.398 (2.306) 0.388 (2.306) 0.285 (2.306) 1.748 (2.306)
F 1.407 (5.409)  1.197 (5.409) 2.111 (5.409) 1.735 (9.013) 2.439 (9.013) 1.904 (5.409)

* Average of three different determinations; ** PAM is determined as 8- bromotheophylline; Values in parenthesis are the

corresponding theoretical values of t and F at (p = 0.05).

threereplicatesof each concentration. Therdaivestan-
dard deviationswerefound to bevery smal indicating
reasonabl e repeatability and intermediate precision of
the proposed methods (TABLE 4).

Specificity

The specificity of each of the proposed methods
wasinvestigated by observing any interference encoun-
tered from common dosage form excipients. It was

shown that these compounds did not interferewith the
results of the proposed methods.

Limit of Detection (L OD) and Limit of Quantifi-
cation (LOQ)

TheLOD isthelowest concentration of the drug
that can be detected, but not necessarily quantitated,
under the stated experimental conditions, while, the
LOQ isthelowest concentration of the analyte that
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TABLE 3: Satistical analysis of the results obtained by the proposed methods and official method @ for the analysis of PAR in

pure form.
official L, o D1 (hs) D, Ds DD CLS
Parameter method % pg/mL Found % Found % Found % Found % Found %
Recovery* png/mL Recovery* pg/mL Recovery* pg/mL Recovery* pg/mL Recovery* pg/mL Recovery*
99.08 5.00 5.05 100.90 5.04 100.74 5.04 100.76 4.96 99.17 5.04 100.80
100.75 10.00 9.89 98.89 10.04 100.39 9.93 99.29 10.02 100.17 10.12 101.21
PAR 99.99 20.00 20.10 100.52 20.10 100.52 20.02 100.12 20.15 100.73 20.14 100.70
99.14 30.00 29.68 98.92 29.68 98.92 29.76 99.21 30.16 100.52 29.70 99.00
40.00 39.58 98.95 40.10 100.25 39.38 98.45 39.97 99.92 40.36 100.90
50.00 49.63 99.25 49.87 99.73 49.73 99.45 49.49 98.98 50.13 100.25
Mean+ SD 99.74 + 0.79 99.57 + 0.90 100.09 + 0.67 99.55 + 0.80 99.92 +0.71 100.48 £ 0.79
% RSD 0.79 0.90 0.67 0.80 0.71 0.78
N 4 6 6 6 6 6
Variance 0.63 0.81 0.44 0.64 0.51 0.62
t- test 0.303 (2.306) 0.761 (2.306) 0.376 (2.306) 0.365 (2.306) 1.446 (2.306)
F- test 1.292 (9.013) 1.409 (5.409) 1.020 (9.013) 1.240 (5.409) 1.009 (5.409)

* Average of three different determinations.

Values in parenthesis are the corresponding theoretical values of t and F at (p = 0.05).

TABLE 4: Intraday and inter day statistical datafor thedeter mination of PAM and PAR by the proposed methods.

I ntraday
PAM PAR
D Ds 'pD 2s CLS D1(23) D, Ds DD CLS
0,
Parameter % % % % Recovery % % % % % %
Recovery Recovery Recovery (M) 222 (h2) 265 Recovery Recovery Recovery Recovery Recovery Recovery
nm nm
100.01  100.20 100.15 99.80 99.30 100.90 99.80 100.75 99.34 100.43 100.68
99.12 98.67 99.75 98.90  100.00 100.00 98.40 100.10 100.40 99.91 100.5
98.75 99.35 99.05 99.60 99.80 100.50 99.95 99.25 99.85 99.15 99.98
Mean + 99.29+ 9941+ 9965+ 9943+ 99.70+ 10047+  99.38+ 100.03+  99.86 + 99.83 + 100.39 +
SD 0.65 0.77 0.56 0.47 0.36 0.45 0.85 0.75 0.53 0.64 0.36
% RSD 0.65 0.77 0.56 0.48 0.36 0.45 0.86 0.75 0.53 0.64 0.36
% Rer 0.38 0.46 0.32 0.27 0.21 0.26 0.50 043 0.31 0.37 0.21
Variance 0.42 0.59 0.31 0.22 0.13 0.20 0.73 0.57 0.28 0.41 0.13
I nter-day
PAM PAR
1 2)s 1
D> D3 DD 5 CLS D1 (h3) D> D3 DD CLS
Par ameter % Recovery
% % % (M) 222 () 265 % % % % % %
Recovery Recovery Recovery nm nm Recovery Recovery Recovery Recovery Recovery Recovery
100.41  100.15 100.95 100.50  99.50 100.80 100.28 101.05 101.55 99.43 100.80
99.82 99.27 99.45 99.00 100.28 101.20 99.24 100.10 100.45 100.91 101.90
98.95 98.99 99.75 100.30  100.76 99.50 100.75 99.55 100.15 100.15 100.60
Mean + 99.73+ 9947+ 10005+ 9993+ 100.18+ 10050+ 100.09+ 100.23+ 100.72+ 100.16+ 101.10+
SD 0.73 0.61 0.79 0.81 0.64 0.89 0.77 0.76 0.74 0.74 0.70
% RSD 0.74 0.61 0.79 0.81 0.63 0.88 0.77 0.76 0.73 0.74 0.69
% Rer 0.43 0.35 0.46 0.47 0.37 0.51 0.45 0.44 0.42 0.43 0.40
Variance 0.54 0.37 0.63 0.66 0.40 0.79 0.60 0.58 0.54 0.55 0.49

Theintraday (n = 3), average of three concentrations for PAM and PAR repeated three times within the day.
The interday (n = 3), average of three concentrations for PAM and PAR repeated three times in three successive day.
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can be determined with acceptable precision and ac-
curacy. Both LOD and LOQ were cal cul ated accord-
ing to ICH recommendations® and the results are
abridgedin TABLE 1.

Sability

—— Fuyl] Paper
APPLICATIONS

Analysisof laboratory prepared mixtures

Theproposed methodswere successfully appliedto
theanaysisof PAM and PAR in laboratory prepared

mixtures containing both drugsin different ratios. The
average percent recoverieswere based ontheaverage
of threereplicatedeterminations (TABLEDS).

Analysis of Dosage Forms

Theworking solutionsof the studied drugs exhib-
ited no spectrophotometric changesfor morethan one
week when stored at 4°C.

TABLE 5: Determination of PAM and PAR in laboratory prepared mixtures by the proposed methods.

) D, D3 1DD 2hs D; (hs) CLS
Concentration % % % % Recovery* % %
ng/mL Recover y* Recovery* Recovery* PAM Recovery* Recovery*
PAM PAR PAM PAR PAM PAR PAM PAR zz(é‘lgm 26%2r:m PAR PAM  PAR
20.00 20.00 99.95 102.34 99.75 100.28 100.25 99.59 100.61 99.81 100.12  100.01 99.45
10.00 20.00 100.06 101.45 101.34 99.87 100.56 100.67 99.34 99.43 100.26 99.83  99.69
20.00 10.00 99.95 100.76 99.01 100.96 99.75 100.56 100.11 100.56 99.87 9891 100.51
100 2500 9955 99.75 100.00 100.25 100.50 101.95 101.49 100.49 100.95 100.71 101.91
2.00 50.00 100.09 100.86 100.25 101.87 99.09 100.70 100.99 101.58 99.50 100.91 101.00
5.00 50.00 100.50 100.59 100.05 100.00 100.75 99.60 100.51 101.91 100.34 101.45 100.54
Mean + SD 100.02 100.96 100.07 100.54 100.15 100.51+ 100.51 100.63 100.17+ 100.30 100.52
+031 +£087 £0.76 +0.75 £0.62 0.87 +£074 +£097 0.49 +091 =+0.89
% RSD 0.31 0.86 0.76 0.75 0.62 0.87 0.74 096 0.49 0.90 0.89
% Rer 0.12 0.35 0.31 0.31 0.25 0.35 0.30 0.39 0.20 0.37 0.36
Variance 0.09 0.76 0.58 0.57 0.39 0.76 0.55 0.94 0.24 0.82 0.80

* Average of three different determinations.

TABLE 6: Satistical analysisof theresultsobtained by the proposed methodsand official methods!? for the analysis of
PAM and PAR in Womankit® tablets.

2)s Official
1
D, Ds DD Y Di(h3) CLS methods
Parameter
1) ) 265
PAM PAR PAM PAR PAM PAR 222 an PAR PAM PAR PAM PAR
nm
Mean* + 99.83 101.13 99.62+ 100.88 99.06 100.51 99.19 98.65 100.92 99.50 100.50 99i'00 100.60
SD +0.67 +0.95 0.72 +094 +£0.81 +070 +0.89 +£0.73 +£0.78 +£1.09 =+£0.70 0.77 +0.89
% RSD 0.67 0.94 0.73 0.93 0.81 0.70 0.90 0.80 0.78 1.09 0.69 0.77 0.89
% Rer 0.27 0.39 0.30 0.38 0.33 0.28 0.37 0.32 0.32 0.45 0.28 0.32 0.36
Variance 0.45 0.91 0.52 0.88 0.65 0.49 0.80 0.63 0.62 1.18 0.48 0.59 0.80
N 6 6 6 6 6 6 6 6 6 6 6 4 4
t- test 1.812 0.877 1.292 0.481 0.101 0.171 0.342 0.699 0.610 0.786 0.195
(2.306) (2.306) (2.306) (2.306) (2.306) (2.306) (2.306) (2.306) (2.306) (2.306) (2.306)
E- test 1.297 1.139 1.118 1.096 1.109 1.630 1.360 1.075 1.297 2.022 1.649
(5.409) (9.013) (5.409) (9.013) (9.013) (5.409) (9.013) (9.013) (5.409) (9.013) (5.409)

*Mean of recovery for PAM and PAR in three different determinations in Womankit® tablets.

The proposed D,, D,, D, DD, two wavelength  PARinWomankit® teblets. The performanceof thepro-
and CLS methodswere applied for thesimultaneous  posed methodswere statistically compared with that
determination of PAM (as 8- bromotheophylline) and  of the officia methods? by Student'st-test and F-val -
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uesat 95% confidenceleve, showing no Sgnificant dif-
ferencewithregard to accuracy and precision (TABLE
6).

CONCLUSION

For routineanalytical purposes, itisalwaysof in-
terest to establish methods cgpable of andyzingalarge
number of samplesin ashort time period with due ac-
curacy and precision. Spectrophotometric techniques
can generate large amounts of datawithinashort pe-
riod of analysis, however, when coupled with
chemometricstools, thequdity of the spectrd informa-
tion can be markedly increased, converting thiscom-
bined techniqueinto apowerful and highly convenient
anaytica tool. Inthis paper, astudy of the useof spec-
trophotometric methodsfor theresol ution of PAM and
PAR intheir multicomponent mixtures have been ac-
complished, showingthat D,, D,, ‘DD, twowavelength
and CL S methods provide, with adequate software
support, aclear example of the high resolving power
andlow cost of thistechnique.
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