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ABSTRACT KEYWORDS
Stability-indicative determination of bambuterol hydrochloride (BH) inthe Bambuterol hydrochloride;
presence of its degradation product (terbutaline), which isalso the metabo- Terbutaline;
lite, is investigated. The degradation product has been isolated, via acid- Second derivative
degradation, characterized and elucidated. Selective quantification of BH, spectrophotometry;

Derivative-ratio;
Ratio subtraction;
Bivariate.

singly in bulk form, pharmaceutical formulations and/or in the presence of
its major degradation product is demonstrated. The indication of stability
has been undertaken under conditions likely to be expected at normal stor-
age conditions. Among the spectrophotometric methods adopted for quan-
tification are second derivative (°D), first derivative of ratio spectra (*DD),

ratio subtraction and bivariate analysis.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Bambuterol hydrochloride (BH), (RS)-5-(2-tert-
butylamino-1-hydroxyethyl)-m-phenylenebis(dimethyl-
carbamate) hydrochloride¥, Figure 1. BH isadirect
acting sympathomimeticwith predominantly -adrenergic
activity (B,-agonist) . Itisan ester prodrug of B, adren-
ergic agonist terbutaling?. Bambuterol hydrochlorideis
officid in British Pharmacopeiaand determined by non
aqueoustitration method®. Different HPLC methods
have been reported for the estimation of BH inpharma:
ceutical dosage form“®l, The drug has been a so esti-
mated by solid-state NM R spectroscopy!”. It isused
for the prophylaxisand trestment of chronic asthmaand
chronicbronchitisin pediatrics. Literaturesurvey reveds
that there are no stability indicating spectrophotmetric
methods reported for the determination of BH in pres-
enceof itsdegradation product terbutaine.
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(CHy),
Figurel: Sructural formulaof bambuterol hydrochloride.

In modern analytical laboratory, thereisawaysa
need for significant stability-indicating methods of andy-
sis. The present work amed to devel op simpl e spec-
trophotometric methodsfor thequantification of BH in
pureform or even in the presence of its degradation
product. The here-described methodsinclude second
derivative (°D), first derivativeof theratio spectra(*DD),
ratio subtractionand bivariateanaysis.
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| nstruments

e Spectrophotometer: Shimadzu UV-1601 PC, dual-
beam UV-visible spectrophotometer (Japan), with
matched 1-cm quartz cells, connected to an IBM-
compatible PC and an HP-600 inkjet printer.
Bundled, UV-PC personal spectroscopy software
Version 3.7 was used to processthe absorption and
thederivative spectra. The spectral bandwidth was
2nm with wavelength-scanning speed of 2800
nmmin-1.

¢ IR Spectrophotometer: Mattson Genesisll FTIRTM
(USA), sampling wasundertaken aspotassium bro-
midediscs.

e Gaschromatograph coupled to amass spectropho-
tometer: GC/MS-QB 1000 EX, Finnigan nat (USA).

Materialsand reagents

All chemicadsand reagentswereof andytica grade
and the solventswere of spectroscopic grade.

Materials

Puresamplewaskindly supplied by theby Alborg
Pharmaceuticd industry, Alexandria, Egypt.; it wasas-
sayed for its purity according to a pharmacopoeial
method® and found to contain 100.15+1.258 %.

Phar maceutical for mulations

a) Bambedil 10tablets. - Manufactured by Western
Pharmaceutica industry, Batch No. 09018, labded
to contain 10 mg BH/tablet.

b) Bambec 10 tablets - Produced by Astrazeneca,
Sodertalje, Sweden, imported by health family.
Batch number: 740, labeled to contain 10 mg BH
per tablet

c) LeaFree20tablets- Manufactured by Multigpex
Pharma, (Badr city, Egypt), Batch No.
MT1070409, |abeled to contain 20 mg/tabl et.

Sandard solutions

e BH standard solution (1 mgmL 1) in methanol .
e Drugdegradation product (BHD) standard solution
(ImgmL-t) inmethanal .

Reagents

Methanol (E. Merck, Darmstadt, Germany), 1M
HCI, ethyl acetate, concentrated ammonia (specific
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gravity 0.91), El- Nasr pharm.co. (Egypt).
Procedures

Degradation of bambuter ol hydrochloride

Accel erated acid-degradation was performed by
refluxing 500 mg of pure BH with 50 mL of 1 M HCI
solutionfor 3 hours. Where compl ete degradation was
achieved, asinvestigated by thin layer chromatogra-
phy using ethyl acetatet+ methanol + ammonium hy-
droxide(7:3: 0.01, v/v/v) asadevel oper solvent. The
solution was concentrated to asmall volume and ex-
tracted with methanol. The methanolic extract was
evaporated under vacuum. The structure of theiso-
|ated degradation product was elucidated using IR,
and M S spectrometry.

First derivative (D) method

Spectral characteristics of BH and its degrada-
tion product.

Two aliquotsequivaent to 300 pg of BH and 100
ng of'its degradation product standard stock solutions
(each, ImgmL ) weretransferred separately into two
10-mL volumetricflasks. Then thevolumeswere com-
pleted with methanol. Thezero order (°D) and the sec-
ond derivative (°D) spectraof the prepared solutions
wererecorded.

Linearity.

Portions equivalent to (1-10mg) of BH standard
solution (ImgmLt) were separately transferred to a
seriesof 10-mL volumetricflasks. Eachflask wascom-
pleted to the volumewith methanol to reach the con-
centration range of 100-1000ugmL. Theamplitudes
of the second derivative peakswere measured at 272
nm with 2L =4 nmand ascaling factor = 100.

Cadlibration graph wasconstructed by plotting peak
amplitude ver sus concentration.

Theregress on equation wasthen computed at the
specified wavel ength and used for determination of un-
known samplescontaining BH.

First derivativeof ratio spectra (*DD) method
Linearity.

Standard serial concentrationsin therangeof 100
1000pgmL* solutionsof BH were prepared as under

Section 2.3.2.2. Accurately 3mL of the degradation
product standard solution (ImgmL 1) wastransferred
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into a10-mL volumetric flask and the volume was
completed with methanol to get afinal concentration
of 100pugmL* to be used as adivisor. The spectra of
the prepared standard solutionswere scanned (200—
400 nm) and stored into the computer. The stored
spectraof BH weredivided (amplitude at each wave-
length) by the spectrum of 300ugmL* of the degrada-
tion product. Thefirst derivative of theratio spectra
(*DD) with ?A=4 nm and ascaling factor = 10 was
obtained. Theamplitudesof thefirst derivative peaks
of BH weremeasured at 250 nm. Calibration graphs
were congtructed rel ating the pesk amplitudesof (:DD)
to the corresponding concentrations. Theregression
equationswerethen computed at the specified wave-
length and used for determination of unknown samples
containing BH.

Ratio subtraction spectr ophotometric method

Aliquotsequivaent to 100-1000ugmL from BH
standard solution (ImgmL*) weretransferred into a
series of 10-ml volumetric flasks then completed to
volumewith methanol; the spectraof the prepared stan-
dard solutionswere scanned. A calibration curvewas
constructed rel ating the absorbance of zero order spec-
traof BHat__ 265 nmtothecorresponding concen-
trations and the regressi on equati on was computed.

Aliquot equivalent to 600ug from BH degradation
product standard solution (1mgmL 1) wastransferred
into 10-ml volumetric flask and completed to volume
with methanol to beused asadivisor.

Bivariatemethod

Two seriesof sandard solutionscontaining diquots
(100-1000ugmL?) of BH and (100-700ugmL?) of its
degradation product were prepared from the stock
solution (ImgmL2, each) for thebivariate calibration.
Spectraof the obtai ned solutionswere recorded and
stored into the compuiter. Theregression equationswere
computed at A= 265 and 280 nm. The concentrations
of BH and itsdegradation product were cal culated us-
ing the parameters of thelinear regression functions
evauated individually for each component at the same
wave ength and substituting inthefollowing equations:

MA2(AABL-eAB1)+mALl(eAB2- AAB2)

Cdegradate=
mMmA2mB1-mA1lmB2

—— Fyll Peper

AAB1-eAB1-mB1Cdegradate
mA1l

where A, and A, are the absorbance’s of A
andBat A, and A, respectively, e, and e, thesum
of theinterceptsof thelinear calibration at two, wave-
lengths A, and 1, (e, = €,, + €,,), m, and m, the
dopesof linear regression and C isthe concentrations
(ugmL?) of BH and itsdegradate.

Theaccuracy of the resultswas checked by apply-
ing the proposed bivariate calibration method for de-
termination of different blind samplesof pure BH and
itsdegradate. The concentrationswere obtained from
the corresponding regress on equationsfromwhich per-
centagerecoverieswere cdculated.

Analysisof laboratory prepared mixturescontain-
ingdifferent ratiosof BH and itsdegradation prod-
uct using the suggested methods

Aliquotsof intact drug and itsdegradateweremixed
to prepare different mixtures containing 10-70% (w/
w) of the degradation product, and proceed as men-
tioned under each method. The concentrationswere
cd culated from the corresponding regression equations.

Assay of pharmaceutical formulations

Twenty tabletswere accuratel y weighed and pow-
dered. A portion of the powder equivalent to 100 mg
BH wasaccurately weighed into a100-mL beaker, dis-
solved in methanol and filtered into a100-mL measur-
ing flask. Thevolumewas completed by the same sol-
vent to reach afina drug concentration of ImgmL- for
the proposed methods and proceed as mentioned un-
der each method.

CBH=

RESULTSAND DISCUSSION

Degradation of BH

Themain degradation product of BH isterbutaline
whichisformed by hydrolysisof thetwo ester linkages.
Degradation was examined under acidic and elevated
temperatures.(Schemel)

It has been confirmed that the main degradateis
terbutalinewhichisalso the ma or metabolite of the
drug ins dethe human body. Once compl ete degrada-
tion was reached, the carbonyl stretching band at
1689cm disappeared, also abroad band of alcoholic
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Scheme 1 : Suggested scheme for the degradation of
bambuter ol hydrochloride.

OH dretchingvibration a 3394 criconfirmedtheacidic
hydrolysisat thetwo ester linkages.

Inthe GC/M S-chart, the parent peak wasidenti-
fied at m/z225 (mol. w. of degradate).

TLC monitoring of the drug degradation wasdone
onthinlayer platesof silicagel F254 using ethyl ac-
etate+ methanol + ammonium hydroxide(7:3: 0.01, v/
v/v) asadeve oping solvent. Thedevel oped plateswere
visuaized under short UV-lamp. Thedegradate (R vaue
=0.4) could be separated € egantly fromtheintact drug
(R vaue=0.6).

Second derivative (D) method

Derivative spectrophotometry isauseful tool in
quantification of mixtureof drugs. It could beevenused
asadability-indicating techniquefor theanadysisof drugs
in presence of their degradation products, by solving
the problem of the overlapping absorption bands.

A simple, rapid and sel ective spectrophotometric
procedure was proposed and applied for the determi-
nation of BH in the presence of its degradation prod-
uct, either asraw materia or in pharmaceutical formu-
lations. Thiswas done by applying the second deriva
tive (?D) ultraviol et spectrophotometry. Themethod can
solvethe problem of spectral bands overlapping be-
tween BH and its degradate without sample pretreat-
ment or extraseparation steps. The absorption spectra
of BH and its degradation product (Figure 2) show
overlapping, littleinterferenceand error probability that
maketheuseof direct measurement of BH inthe pres-
ence of itsdegradate inaccurate, especially at higher
leve of degradation.

Hnalytical CHEMISTRY o

Figure?2: Absor ption spectra of bambuterol hydrochloride
300pg/ml (__ ) and its degradation product 100pg/ml (—)

using methanol asablank.

-
El 0 mn =0 = ]

Figure3: Second-derivativeabsor ption spectraof bambuter ol

hydrochloride300pg/ml (_) and degradation product 100pg/
Ml (——) using methanol as a solvent

Figure4: Second-derivativeabsor ption spectraof 100-1000
pg/ml bambuterol hydrochloride.

Whenthesecond-derivative pectra(Figure 3) were
examined, it wasfound that BH could be determined at
272 nm, whereitsdegradate hasno contribution (zero
crossing) dlowing accurate

determination of BH in presence of itsdegradate.
A linear relationship was obtained in therange of 100
1000ugmL* BH (Figure4).

Theregress on equati on was computed and found
to be

2D =-0.0002 C - 0.0005 (r = 0.9999), at 272 nm
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where?D isthe peak amplitude of the second deriva
tivecurve at the corresponding wavel ength, C thecon-
centration of BH (ugmL™) andr isthe correlation coef-
ficient.

The precision of the proposed method was con-
firmed by theanalysisof different concentrationsof au-
thentic samplesin triplicates. The mean percentagere-
covery wasfound to be 99.97+0.818 at 272 nm.

Derivative-ratio spectr ophotometric method

Thederivative-ratio spectroscopy isauseful tool in
quantification of drugs. It could be applied asastabil-
ity-indicating method for the determination of BH in
presence of itsdegradate. The zero-order of theratio
spectraof BH and thefirst order of the ratio spectra
arepresented in Figures. 5 and 6, respectively. It was
found that upon dividing by 300 pgmL* of the degra-
dation product, best resultswere obtained in terms of
sengitivity, repeatability and sgnd to noiseratio.

1l
=1 =

Figure5: Ratio spectraof bambuter ol hydrochloride (100-
1000ug/ml) using the spectrum of 300png/ml of degradation
product asadivisor.

o war 200
W bl

Figure 6 : First derivative of ratio spectra of bambuter ol
hydrochloride (100-1000 pg/ml) using the spectrum of
300ug/ml of degradation product as a divisor.

Linear calibration graphswereobtained for BH in
concentration range of 100-1000ugmL* by recording
the peak amplitudesat 250 nm using 300ugmL™* of the
degradate asadivisor.

—— Fuyl] Paper

Theregress on equationswere computed and found
to be

DD =0.0029 C + 0.0153 (r =0.9996), at 250 nm

where DD isthe peak amplitude of thefirst de-
rivativecurvefor (BH/itsdegradate), C the concentra-
tionof BH (ugmL™) andr isthecorrelation coefficient.

The precision of the proposed method was checked
by theanalysisof different concentrationsof authentic
samplesintriplicates.

Ratio subtraction spectr ophotometric method

The method was applied for determination of mix-
ture of BH(X) and its degradate (Y) when the spec-
trum of the degradate extended than the other, asshown
in (Figure 2). The determination of BH could be
achieved by scanning the zero order absorption spec-
traof thelaboratory-prepared mixturesin methanol,
then dividing them by acarefully chosen concentration
(600ug mL?) of standard BH degradation product to
produce anew ratio spectrathat represents BH/BHD
+ constant, asshownin (Figure 7); then, subtraction of
theabsorbance values of these constants(BH/BHD) in
plateau asshown in (Figure8) followed by multiplica-
tion of the obtained spectraby thedivisor asshownin
(Figure9); findly, theorigina spectraof BH, whichare
used for direct determination of BH at 265 nm, could
be obtai ned and the concentration from the correspond-
Ing regression equation could be calculated. Thiscan
be summarized asfollows.

X+Y X Y

X
=_—+_-=—_-+constant

ety )

X X

—+constant _constant = —

v _ - )

X

ZxY'=X

Ve ©)

The constant can be determined directly from the
curveby thestraight linewhichispardle tothewave-
length axisintheregion where BHD isextended. The
correct choiceof thedivisor isfundamental, as, if the
concentration of thedivisor increasesor decreases, the
resulting congtant valuewill be proportiondly decreased
or increased®. A linear correl ation was obtained be-
tween the absorbance and the corresponding concen-
tration of BH at its corresponding wave ength: there-
gression equationwas.

A=0.0011C- 0.0017 r =0.9998

— a%a['yttaa[’ CHEMISTRY
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Figure7: Divison spectraof labor atory prepared mixtures
of bambuter ol hydrochloride(Y) and degradation product (X)
using 600ng/ml of its degradation product (Y’) as a divisor
and methanol asablank.

-----

Figure8: Division spectraof labor atory prepared mixtures
of bambuter ol hydrochloride(X) and itsdegr adation product
(Y) using 600pg/ml of degradation product (Y’) as a divisor
and methanol asablank after subtraction of the congtant.

T 1
wielhine]

Figure9: Thezero order absor ption spectra of bambuter ol
hydrochloride obtained by the proposed ratio subtraction
method for theanalysisof labor atory prepar ed mixtur esafter
multiplication by thedivisor (Y?).

Bivariatemethod

Thebivariate calibration method may be competi-
tive and in some cases even superior to commonly use
derivative spectrophotometric methodsas applied for
theresolution of binary mixtures. Theadvantage of bi-
variate calibration method isitssmplicity and thefact
that derivatization proceduresare not necessary. Un-
likeother chemometric techniques, thereisno need for
full spectruminformation and no dataprocessingisre-

quired. Cdibrationfunctionwascaculated (r >0.9990),
m- and e-values were taken for the bivariate algo-
rithm. In order to gpply thebivariate method to thereso-
lution of binary mixture of BH and itsdegradate, we
first select thesigna sof thetwo components|ocated at
eight wavelengths. 250, 255, 260,265, 270,275, 278
and 280 nm. The cdibration curve equationsand their
respectivelinear regresson coefficientsareobtained with
theaim of ensuring that thereisalinear relationship be-
tween the absorbance val ues and the concentrations.
All the calibration curves at the sel ected wavel engths
showed satisfactory linear regression coefficients (r >
0.9990). Thedopevauesof thelinear regressonwere
estimated for both components at the sel ected wave-
lengthsand used for determination of the sengitivity ma:
tricesK, proposed by Kaiser’s method™.

Thedeterminantsof these matriceswereca culated
as shown in TABLE 1. The wavelength set was se-
lected for which the highest matrix determinant value
was obtained. For the bivariate determination of BH
anditsdegradatethe wavel engths 265 and 280 nm were
used. At these sel ected wave engths, the one-compo-
nent calibration curves were obtained in the range of
100-1000pgmL* for both components. Thelinear re-
gression calibration formulaeused for thebivariate al-
gorithm arepresented in TABLE 2. The mean percent-
agerecoverieswere99.68+1.009 and 101.17+0.843,
for BH and its degradate, respectively. The advantage
of thismethod over the

other spectrophotometric methodsisthe ability for
simultaneous determination of theintact drugand its
degradatein mixtures.

TABLE 1: Application of Kaiser’s method in the selection of
wavelength pair for themixtureof bambuter ol hydrochloride
and its degradate: the absolute values of deter minants of
sensitivity matrices (K x107).

Mh 250 255 260 265 270 275 278 280
250 0 0142 259 213 -0.64 -518 -7.68 -8.35
255 0 069 -041 928 -943 -12.05 -12.65
260 0 -1.63 -6.41 -13.28 -16.49 -17.19
265 0 -567 -14.80 -18.90 -19.71
270 0 -108 -1492 -16.41
275 0 -4.68 -6.75
278 0 -2.21
280 0
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TABLE 2: Linear regression calibration for mulae used for
thebivariatealgorithmfor bambuter ol hydrochloride.

Calibration Equation

Component
A=265nm A=280nm
Bambuterol A =0.0011x+ A=0.00009x-
hydrochloride 0.007 0.0008
(r =0.9999) (r =0.9996)
A = 0.001x+ A =0.0018x+
Degradate 0.0001 0.028
(r =0.9997) (r =0.9999)

Sability-indication

To assessthe stability-indi cating efficiency of the
proposed methods, the degradati on product of BH was
mixed withitspure sampleat different ratiosand the
mixtures were analyzed by the proposed methods.
TABLE 3illustratesgood sel ectivity inthe determina-
tion of BH inthe presence of up to ?70% (w/w) of its
degradate by the proposed methods.

TABLE 3: Determination of bambuterol hydrochloridein
laboratory prepared mixtures by the proposed spectro
photometric methods.

2 1 Ratio .
D at DD at . Bivariate
M ethods 270 nm. 250 nm subtraction method
at 265 nm
Meant 99.97+ 100.24+ 99.87+ 100.03+
S.D. 0.818 0.758 0.741 0.491

Application of the proposed methodstothe phar-
maceutical for mulations

The suggested methodswere successfully applied
for the determination of BH in tablets showing good

—— Fuyl] Paper

TABLE 4: Quantitativedeter mination of bambuterol hydro-
chloridein phar maceutical for mulationsby thepr oposed spec-
trophotometricmethod

Prepar ation Dat 'DD at wblt?ri::(t)ion Bivariate
P 270 nm 250 nm method
at 265 nm

Bambedil 10
teiets 10036+ 100.04t 99.67+  99.79+
No.09018 0996 1149 1421 0425
Mean=+ S.D.
tBaba'IT;tbfc 10 10016: 9973 9968+  100.33+
Batch No.7a0 0351 0359 0591 0.851
Meant S.D.
LelaFree 20
tablets 100.37+ 100.60+ 10027+  99.80+
Batch 0929 0794 0452  0.818
No.MT1070409
Mean+ S.D.

percentage recoveries. Thevalidity of the suggested
methods was further assessed by applying the stan-
dard addition technique (TABLE 4), and the preci-
sionwasaso expressed interms of relative standard
deviation of theinter-day and intra-day analysisre-
sults(TABLES).
Satistical analysis

Results of the suggested methodsfor determina-
tion of BH were tatistically compared with those ob-
tained by applying pharmacopoeial non agueousti-

tration method™. The calcul ated t- and F-values'®
were found to be less than the corresponding theo-

TABLE5: Assay validation parameter sof the proposed spectr ophotometric methodsfor thedeter mination of puresamplesof

bambuter ol hydrochloride.

Drug Ratio subtraction R
Parameter at A= 272nm DD; method at 250 nm at 265 nm Bivariate method
99.91+ 99.68+
Accuracy (mean+ S.D.) 101.17+0.807 100.06+1.971 1141 1.009
o 99.87+ 100.03+
Specificity 99.97+0.818 100.24+0.758 0741 0.491
E’g;ggm iy 99.78+0.756 100.48+0.781 100.05+0.935 100.09+0.551
Intermediate precision** 98.85+0.981 100.81£1.016 100.35+0.981 100.22+0.630
Linear range (ng/ml) 100-1000 100-1000 100-1000 100-1000
Slope -0.0002 0.0029 0.0011 0.0011
Standard error of the Slope 8.9x107 2.74x10° 7.36x10° 5.97x10°
Intercept -0.0005 0.0153 - 0.0071 0.007
Standard error of the intercept 0.000552 0.01703 0.004565 0.003707
Corrdation coefficient (r) 0.9999 0.9996 0.9998 0.9999

*the intraday and **the inter-day mean values + standard deviations of samples of concentration of 200, 500, 600 pg/ml of
bambuter ol hydrochloride and its degradation product.

— a%a['yttaa[’ CHEMISTRY
A ndian W




736

Bambuterol hydrochloride in the presence of its active metabolite terbutaline

ACAIlJ, 10(11),2011

Full Peaper ==

retical ones, confirming good accuracy and excellent
precision (TABLE6).

TABLE 6: Satistical analysisof theresultsobtained by the
proposed spectr ophotometric methodsand the compendial
method for thedeter mination of bambuter ol hydrochloridein
purepowder form.

- D 'DD Ratio  Bivariate Codrgien

method method subtraction method method* @
Mean 101.17  100.06 99.91 99.68 100.15
SD. 0.807 1971 1.141 1.009 1.258
Variance  0.651 3.885 1.302 1.018 1.583
n 10 10 10 10 5
Student’s  1.914  0.124 0.403 0.823
t test (2.160)** (2.160) (2.160)**  (2.160)**

2.454

Fuate s 000 (ses (3o

*non aqueous titration method
**the values in parenthesis are the corresponding tabulated t
and f values at p=0.05.

CONCLUSION

Unlike the mostly recommended HPL C-proce-
dures, the proposed spectrophotometric methods are
smpleand not expensive. Thereagentsused inthepro-
posed methods are cheap and readily available. The
procedures applied in each method do not involve any
critical reactionsor tedious samplepreparations. This
aspect of spectrophotometric analyssisof mgjor inter-
estinanaytica pharmacy sinceit offersdistinct possi-
bility of assaying BH initspharmaceutica formulation
without interferencedueto theexcipient or thedegra-
dation product.

The suggested methods are found to be simple,
accurate, selectiveand equally sensitivewithno sig-
nificant difference of the precision compared with the
reference method™. They could be applied for rou-
tineanalysisof puredrug or inits pharmaceutica for-
mulaion.

REFERENCES

[1] S.C.Sweetman; Editor, Martindale: The Complete
Drug Reference. 33 Edition London, Pharmaceu-
tical Press, 761, (2002).

[2] M.J.O’Neil; A.Smith; P.E.Heckelman; S.Budavari;
Merck Index, 13" Edition John Wiley and Sons, 166-
167 (2001).

[3] TheBritish Pharmacopoeia. 3¢ Edition, Val. 1, Lon-
don, Stationary Office Books, 211-212 (2001).

[4] Y.Zhang; J.Pharm.Clin.Res., 9, 13-4 (2001).

[5] A.Bartolincic, V.Druskovic, A.Sporec, V.Vinkovic;
J.Pharm.Biomed.Anal., 36, 1003-10 (2005).

[6] O.Wannerberg, B.Persson; J.Chromatogr.A., 435,
199-203 (1988).

[7] R.Harris, P.Hodgkinson, T.Larsson,
A.Muruganatham; J.Pharm.Biomed.Anal., 38, 858-
64 (2005).

[8] M.GEI-Bardicy, H.M.Lotfy, M.A.El Sayed, M.F.El-
Tarras Smart; JAOAC Int. 91(2), 299-310 (2008).

[9] D.L.Massart, B.GM.Vandeginste, S.N.Deming,
Y.Michotte, L.Kaufman (Eds.), Chemometrics,
A.Textbook, Elsevier, Amsterdam, p.124 (1988).

[10] M.R.Spiegdl, L.J.Stephens(Eds.), Schaum Outline
of Theory and Problems of Statistics, Schaum Out-
line Series, New York, (1999).

Hnalytical CHEMISTRY o
A Tndéan W



