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ABSTRACT KEYWORDS
Determination of ternary mixtures of Ambroxol Hydrochloride (AMB), Ambroxol;
Guaifenesin (GU) and Theophylline (TH) with minimum sample pre-treat- Guaifenesin;
ment and without analyte separation has been successfully achieved by Theophyllineg;
using chemometric and RP-HPLC methods. The developed chemometric Partial least squares,
models are partial least squares (PLS) and genetic algorithm coupled with Genetic algorithm;
PLS(GA-PLS). Dataof analysiswere obtained from UV-VIS spectraof the RP-HPLC.

studied drugs in different concentration ranges. These models have been
successfully updated to be applied for determination of the proposed drugs
in farcosolvin® syrup and in the presence of syrup excipients (methyl
paraben). In the developed RP-HPL C method, chromatographic runs were
performed on RP C18 analytical column with mobile phase comprising 0.05M
phosphate buffer: methanol: acetonitrile: triethylamine solutioninisocratic
mode (63.5: 27.5: 9: 0.25%, by volume pH 5.5 with orthophosphoric acid) at
aflow rate of 1.2 ml/ min. The analytes were detected and quantified at 220
nm. The method was optimized in order to obtain good resol ution between
the studied components and to prevent interference from methyl paraben.
Method validation was performed with respect to ICH guidelines and the
validation acceptance criteriawere met in all cases. The proposed methods
can be considered acceptable for the pharmaceutical quality control of the
studied drugs in pharmaceutical capsules and syrup. The results obtained
by the suggested chemometric methods for determination of the studied
mixturein different pharmaceutical preparationswere statistically compared
to those obtained by applying the devel oped RP-HPL C one and no signifi-
cant difference was found. © 2011 Trade SciencelInc. - INDIA

INTRODUCTION cologicaly activemetabolite of bromhexineand acom-

pound with potent mycolytic activity, for whichitisused

Ambroxol Hydrochloride ((AMB) Figure1A) has  asan expectorant and bronchosecretol ytic in therapeu-
the IUPAC name 4-[(2-amino-3,5-dibromo- ticd3. Guaifenesin ((GU) Figure 1B) hasthe [UPAC
phenyl)methylamino]cyclohexan-1-0llY, itisapharma  name (RS)-3-(2-methoxyphenoxy)propane-1,2-diol,
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it hasexpectorant propertiesandiswiddy usedincough
remedy formulationg®4, Also, itisused asan agent for
reducing platel et adhes veness, hypocholesteremicre-
agent, amusclerelaxant and agenera anaesthetic for
veterinary uses®. Theophylline ((TH) Figure 1C) has
the [UPAC name 1,3-dimethyl-7H-purine-2,6-dione,
it hasmaintai ned an important role asapotent and use-
ful bronchodilator. However, theuseof TH isoftenre-
stricted by itsnarrow thergpeutic rangeand various ad-
verse effects occur when plasmalevel sexceed 20 pug /
ml, Soitisnecessary to monitor itsconcentrationinindi-
vidud patientsto ensurethemaximumcclinica response
andto avoid undesirable side effects®. Combination of
theAMB, GU and TH aong with etofyllineareindi-
cated for the prophylaxisand relief of reversible bron-
chospasm associated with acute and chronic asthma,
bronchitisand other chronic obstructive airway disease
wherereversibleairway narrowing occurs”.
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Figurel: Chemical structureof A-AMB, B-GU and C-TH.
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Reviewingtheliterature, thereare severa reports
that describesthe anaysis of each of AMB, GU and
TH either alone or in combination with other compo-
nents. Recently, AM B has been determined with other
drugsby severd techniquesincluding TLC-Denstomet-
ric’®, HPL CI** and HPL C/M Stechniques*2%3. Also
different UV spectrophotometrici*#1> methods have
been gpplied for itsdetermination intablets. Onthe other
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hand, GU with itscombinationswith other drugshave
been andyzed by different HPL C1*¢17 and spectropho-
tometric methodd*#%9, induding chemometrics. Ternary
mixtureof GU, salbutamol and dyphyllineinoral for-
mul ations has been determined by micellar el ectroki-
netic chromatographic technique, while GU along
with antipyreticsand anal gesicsin solid dosageforms
were determined by powder X-ray diffraction
method?!, Several HPLC methodswere currently de-
scribed for quantification of TH and other components
indifferent preparationsandin urinesamples®271, while
HPTLC techniquewas used for itsdeterminationin
blood?¥, Theophylline (TH) wasamong components
that werequantified by micedllar e ectrokinetic chromato-
graphic methods?*® and it was determined alone by
different voltametric techniqued®-*. Also capillary dec-
trophoretic methods have been recently devel oped for
determination of somecomponentsincluding TH334,
Ambroxol (AMB) and GU have been determined
together in mixtureswith other drugsby HPL C* and
micellar electokinetic capillary chromatographict®®
techniques, while the mixtures of GU and TH were
analyzed by HPLCIE4U, derivative spectrophoto-
metri 38 and chemometri 42 techniques. However
theexhaudtiveliterature survey reved sthat thereisonly
onereport that described theandys sof thestudied drugs
inther quaternary mixtureswith etofyllineby usngHPLC
method!™. Thisreported method wasfound to betime
consuming (runtime> 20 min) and of lower sengitivity
(especidly for GU) than the devel oped HPL C method,
moreover, thereported chromatographic method hasbeen
performed at 30°c while the developed one has been
carried out at roomtemperature. Also, itisthefirst time
that theternary mixtureof AMB, GU and TH hasbeen
determined by spectrophatometricmethodinther different
pharmaceutica preparations(capsulesand syrup).
Thiswork concernsPLS, GA-PLSand RP-HPLC
methodsfor determination of ternary mixturesof AMB,
GU and TH with highly overlapping UV absorption
spectra. The simultaneous determination of such
componentsin their avail able pharmaceutical dosage
forms by conventia, derivative and derivative ratio
spectrophotometric methodsishindered by their strong
spectral overlap and interference from syrup excipient
(methyl paraben asrecommended by themanufacturer).
Thesuggested RP-HPL C and chemometricmode s(after
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mode supdate) can be used to overcomethese problems.
Alsothey arerapid, sensitive and suitablefor routine
determination of thestudied componentsinther mixtures.

EXPERIMENTAL

| nstruments

For the chemometric methods, Doublebeam UV-
VIS spectrophotometer (Shimadzu, kyoto- Japan),
model UV-1601 PC with 1cm quartz cells, connected
IBM compatible computer. Matlab® version 6.5 was
used for the proposed chemometric methods, the PLS
was performed with PLS Toolbox* for use with
Matlab® 6.5.

For HPLC method, HPL C (Shimadzu, Kyoto, Ja-
pan) instrument was equipped withamode! seriesL.C-
10ADVPpump, SCL-10AV Pcontroller, DGU-12A
Degasser and SPD-10 AVP UV-VIS detector, sepa-
ration and quantitation were made on RP C18 column
(250 x 4.6 mm i.d 4.6 um particle size). The detector
was set at 220 nm.

Samples
Puresamples

Pharmaceutical grade of AMB, GU and TH
(PHARCO Pharmaceuticds, Alexandria, Egypt) were
used and certified to contain 100.89, 99.7 and 99.1 %,
respectively.

Pharmaceutical preparations

Farcosolvin® syrup (Batch No. 450 and 451) and
farcosolvin® soft gelatin capsules (Batch No. 146) were
manufactured by PHARCO Pharmaceuticals (Alexan-
drig, Egypt). Trisolvin™ ® capsules (Batch No. 082161
A) weremanufactured by GalaxoSmithKline SA.E (El
Salam City, Cairo, Egypt).

Chemicalsand solvents

All chemica sand solventsused through thiswork
(potassium dihydrogen phosphate, orthophosphoric
acid, acetic acid and triethylamine) were of anaytical
grade and were purchased from El- NASR Pharma-
ceutical Chemicals Co., Abu- Zabaal, Cairo, Egypt.
Methanol and acetonitrile were of HPLC grade
(CHROMASOLVE®, Sigma-Aldrich Chemie GmbH,
Germany). Deionized water (SEDICO Pharmaceuti-
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casCo., Cairo, Egypt).
Solutions

» 3ock standard solutions of AMB, GU and TH
were prepared in methanol in the concentration of
1mg/ml.

» Working standard solutions of AMB, GU and TH
were prepared in methanol (for chemometric meth-
ods) andinmethanol: acetonitrile(27.5: 9, viv) (for
HPL C method) in the concentration of 0.1 mg/ml.

PROCEDURE

Chemometric methods

Spectral characteristics

Theabsorption spectraof 10 pug /ml each of AMB,
GU and TH, mixture of them contains(3: 6: 10 ug /ml)
of them, respectively, and farcosolvin ® syrup (inthe
same mixtureratio) wererecorded over the range of
200 - 350 nm using methanol asablank, Figure 2.
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Figure2: Zeroorder absor ption spectraof 10 ug /ml each of
AMB (—), GU (—), TH (—), mixtur eof thethreecompo-
nent (—) in theratio (3: 6: 10 pg /ml), respectively and
far cosolvin® syrup contains (---) (3: 6: 10 ug /ml) of each,
respectively, usng methanol asa solvent.

Buildingthecalibration modes

Traning set of 151aboratory prepared mixtureswith
different concentrationsof AMB, GU and TH werepre-
pared by dilution of their respectiveworking standard
solutions (0.2 mg/ml) with methanol inthe concentration
rangesof 1.5-5.5,4-12and 2 - 10 pug /ml for AMB,
GU and TH, respectively. Thesemixtureswere prepared
accordingto multileve multifactor experimentd designd,
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TABLE 1. TheUV absorption spectraof thesemixtures
wererecorded over thewavel ength range of 200—350
nmwith0.4 nminterva, thentransferred to Matlab™6.5
for subsequent dataanaysisand thecalibration models
(PLSand GA-PLS) werethen constructed.

TABLE 1: Concentrationsof ambroxol, guaifenesin and theo-
phyllinein thecalibration and validation sets.

Sample No. AMB GU TH
(ug/ml) _ (ug/ml) _ (ug/ml)

1* 55 4.0 8.0
2 35 8.0 6.0
3 35 4.0 2.0
4 15 4.0 10.0
b5 15 10.0 2.0
6* 4.5 4.0 6.0
7 15 12.0 4.0
8* 2.5 8.0 8.0
9 55 6.0 10.0
10 25 12.0 6.0
11 55 8.0 4.0
12 35 6.0 4.0
13 25 6.0 8.0
14* 35 10.0 8.0
15 2.5 10.0 10.0
16* 4.5 10.0 4.0
17 4.5 12.0 8.0
18 55 10.0 6.0
19* 4.5 6.0 2.0
20* 25 4.0 4.0
21 4.5 8.0 10.0
22 35 12.0 10.0
23 55 12.0 2.0
24* 15 6.0 6.0
25* 2.5 8.0 2.0

* samples used for model validation.

Assay of validation set

Theabsorption spectraof avalidation set cons st-
ing of 10 different laboratory prepared mixtures pre-
paredinthesameway asthecalibration set, TABLE 1,
wererecorded intherangeof 200— 350 nm. The con-
centrations of each component were calculated using
the optimized PLSand GA-PLScalibration models.
Model update (for far cosolvin® syrup)

Inorder to perform the model update, thecalibra-
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tion set was augmented with different samples of
farcosolvin® syrup containing known amountsof AMB,
GU and TH. Oneto six samplescontaining different con-
centrationsof thestudied drugswereaddedtotheinitia
calibration set and the predictiveability of the updated
mode swaschecked usng an externd vaidation samples
of farcosolvin® syrupintheconcentrationrangesof 1.5—
3,3—6and 510 pg /ml for AMB, GU and TH, re-
spectively (their concentrationswere previoudy deter-
mined usngthedevel oped HPLC method). TheRM SEP
(root mean squareserror of prediction) valueswerecal-
culated for each component using thedevel oped modds
with different number of added updating samples.

HPL C method

Chromatogr aphic conditions

Chromatographic analysis was performed in
isocratic mode. M obile phaseconssted of 0.05 M phos-
phatebuffer: methanol: acetonitrile: triethylamine (63.5:
27.5: 9: 0.25%, by volume), being pumped at aflow
rateof 1.2ml /min. Sampleswereinjected manually as
20 pl and detection wavelength was 220 nm. Total run
timewas 11 min. al experimentswere performed at
room temperature and thetotal peak height wasused
to quantify thestudied drugs.

Method validation

The devel oped HPLC method was validated ac-
cordingto USPrequirements*! and ICH guidelinese.
Linearity of the detector responsewith the concentra-
tionsof thestudied drugswaseva uated using different
standard solutionsof puredrugs. Working standard so-
lutionseach of AMB, GU and TH werediluted with mix-
tureof methanal: acetonitrile (27.5: 9, v/v) to concentra-
tionrangesof 5—50,5—50 and 3 - 30 ug /ml, respec-
tively. Triplicateinjectionsweremadefor each concen-
tration and then theintegrated peak height wasplotted
versusthe corresponding concentration for construction
of cdibration curvesand regression andysis. Specificity
was eval uated by comparison of representative chro-
matogramsof samplescontaining possibleinterfering sub-
stances (e.g. Syrup excipients) and samplescontaining
the studied drugs. Accuracy of the method was cal cu-
lated asthe percentage recoveries of blind samplesof
pureAMB, GU and TH. It wasfurther assured by appli-
cation of standard addition technique, by addition of
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known amountsof puredrugsto known concentrations
of the pharmaceutical preparationsand then anayzing
the prepared mixtures. Precisonwasassessed asRSD%
at different levels, repeatability was evaluated by the
analysisof threedifferent concentrations of puredrugs
(10, 20and 25 pg /ml) in triplicates on the same day and
inter mediate precision by repeating the studies seven
times on four consecutive days. Limits of detection
(LOD) and quantitation (LOQ) werecalculated from
the standard deviation (5) of the response and the slope
of thecalibration curve (S) in accordanceto thefollow-
ing equations. LOD= 3.3 (6/S) and LOQ= 10 (4/S).
Robustnesswasevaluated by smal variaionintriethy-
lamine concentrationin the prepared mobilephase (0.2
and 0.35 %) and by smdll variation inthemobile phase
flow rate(1.15and 1.25 ml/min). Systemsuitability test
(SST) parameter swere performed during thedevel op-
ment and optimization of themethod aswell asthrough
thevalidation procedure. SST parametersinclude ca-
pacity factor (k’), selectivity factor (o), resolution (Rs),
column efficiency (number of theoretica plates, N) and
tailing factor.

Application to phar maceutical preparations
Far cosolvin® syrup

Accuratevolumeof farcosolvin® syrup equivalent
t0 100 mg TH, 60 mg GU and 30 mgAMB wastrans-
ferred into 100-ml calibrated measuring flask and the
volumewasthen completed using methanol.

Far cosolvin® and trisolvin® capsules

Thecontent of twenty capsuleseach of farcosolvin®
and trisolvin® were separatel y emptied and weighed.
An accurately wei ghted portion equivaent to 100 mg
GU, 60 mg TH and 30 mgAMB of each dosageform
wasseparatdy trandferredinto 100-ml calibrated mea-
suring flask and then 75 ml methanol was added. The
prepared solutionswere soni cated for 30 minutes, the
volumewas compl eted with the same solvent and the
solutionswerethenfiltered.

Appropriatedilutionsof the prepared solutionswere
madeto preparetheir working solutions (0.1 mg/ml)
and then the proposed methodswerefollowed.

Sandard addition technique: it wascarried out to
assess the vaidity of the suggested methods. It was
carried out by addition of accurately measured amounts

Hnalytical CHEMISTRY o

of pureAMB, TH and GU, inthelevelsof 80, 100 and
120%, to each of the prepared dosageforms.

RESULTSAND DESCUSSION

Theé ectronic absorption spectraof AMB, GU and
TH areshownin Figure 2. As can be seen, the spectra
of the studied componentsare overlapped with each
other andwiththesyrup excipients(i.e. methyl paraben),
thusthese componentscan not be measuredinthepres-
enceof eech other andinthe presenceof methyl paraben
by asimple calibration procedure without prior sepa-
ration. To best of our knowledge, thereisonly onere-
port that described aRP-HPLC method for determi-
nation of thestudied drugsintheir mixturesandintheir
liquid dosageform, these reported method wasfound
to betime consuming and of low sengitivity (especidly
for GU). Moreover, thereisno other previousreport
for the spectrophotometric determination of the pro-
posed drugs in presence of methyl paraben by
chemometric methods. Inthisstudy, PLS, GA-PLSand
RP-HPL C methods have been successfully applied for
determination of AMB, GU and TH intheir mixtures
and in different pharmaceutical preparationswithout
interferencefrom methyl paraben.

Chemometric methods

Multivariate calibration methodsallow extracting
andytica informationfromthefull spectraprovidings-
multaneous determination of severd componentsinthe
sample. Moreover, thesetechniques permit rapid ana-
lytical responsewith minimum sample preparation, rea:
sonable accuracy and precis onwithout separation pro-
cedure. Sothey can be considered for routineanalysis
of drugsintheir formulationg?.

PLSmodd

PL S hasbecomethe most frequently used method
for s multaneous calibration because high performance
caibration model sare obtained, whilethe softwareis
not only available, but dso easily implemented 49,

For construction of calibration and validation sets,
fiveleve sthreefactorsexperimenta design wasused®
and 25 mixtures of the studied drugs were prepared,
TABLE 1. Theabsorbanceof these solutionsintherange
of 200 - 350 nm was recorded, the range of 215.2 —
326.8 nm was taken and the spectral dataacquisition
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wastakenwith 0.4 nmintervas. Thisproduced spectrd
datamatrix of 25 rowsrepresenting different samples
and 280 col umn representing wavel engths (25 x 280).
Fifteen sampleswere chosen and used for calibration
and the other ten sampleswereused for validation. In
order to apply PLS model to therecorded data, it was
autosca ed and vaidated with random selection of sub-
s, each subset was cong sted of five splitsand iterated
twi ce. To choosethe optimum number of significant la-
tent variables(LVs), Haa and and Thomas’s criterion(*
was used. The optimum number of LV s described by
thedeved oping PLSand GA-PLSwasfoundto befour.

GA-PLSmodd

Although PLSisusualy considered asafull spec-
trum method, literature showsagrowing tendency to per-
formvariablesdectionbeforemultivariateregressonin
order toimproveitspredicting ability. Consequently, in
practi ce wave ength sel ection continuesto bethe pro-
cessof interest becauseasel ection procedurethat opti-
mizetheprediction capaaity will lead tothosewavd engths
for whichtheanayteof interest absorbswhileitsabsor-
banceisdifferent from other andytes™. Genetic dgo-
rithms(GAs) isoneof wavel ength sel ection methodsin
multivariatecdibration modd §5%2, GAshasbeen shown
to solve the optimization problem by exploring all re-
gionsof potentid solutionsand exponentidly exploiting
promising areathrough mutations, crossover and selec-
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tion appliedtoindividuasinthe population. Complete
discussion of GAscan befoundin referenceg>.

Toimprovethe GA sbased wave ength sdection pro-
cedure, severd parameterswereadjusted (ininitid trids
two settingswere chosen for each variable, maximum
and minimum va ue), keeping number of subsets, maxi-
mum number of LV sand number of iterations at con-
stant values. Blackett-Burman’s™ design for theseven
gned variableswasappliedinwhichal parameters
were changed together in order to determinethe opti-
mum parameterssetting for GAsmodel. The GA con-
figuration that gavethebest fitnessvauewith minimum
number of LV swas selected for each run. The percent
improvement in RMSEP of GA-PLSrddiveto PLSfor
each parameters setting was calculated™, TABLE 2.
Theoptimum configurationusedinthestudy isshownin
TABLE 3. Geneticdgorithmsalowsfor theconcentra-
tion matrix to beused, however only thefirst component
isoptimized during the process of wave ength selection
(PLS1). So the same procedure wasrepeated for each
component. It wasfound that when GU was used for
optimization, theRM SEPva uefor each component was
improved, TABLE 4, and so the sel ected wavel engths
can be used for adequate calibration of the other two
components.

The predictiveability of the suggested modelswas
evaluated by plotting the known concentrationsver-
sus predicted onesfor each component for each model

TABLE 2: Plackett-Burman design for GAsparameter settings.

Assigned variables (A-G)

Unassigned variables (H-K)

Trial Percent | mprovement
B C D E F G H I J K

1 - - - -27.02
2 + + + + - + -43.24
3 + + + -10.81
4 + + + - 8.11
5 + - + - + -62.16
6 + + + + + -5.41
7 + + + + 6.76
8* - - + - + + - 16.22
9 - + - + + - + - - -32.43
10 + - + + - + + - - -70.27
11 - + + - + o+ + - + 5.41
12 + + - + + o+ + - 5.41

note: a-population size, b-% wavelengths at initiation, c-maximum generations, d-% at conver gence, e- mutation rate, f-crossover
type and g- window width. per cent improvement- per centage improvement of RM SEP p of GA-PISin comparison with that of PLS.
* the chosen parameter setting used for building the developed GA-PL S model.
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TABLE 3: Levelsof GAsparameter ssetting.

Low High Chosen

Parameters ) 4) level
Population size 16 40 40
% Wavelength used at initiation 10 50 50
Maximum generations 25 100 100
% at convergence 10 100 10
Window width 2 5 2
Mutation rate 0.001 0.005 0.001
Crossover type single double single
Number of subsets 5
Maximum no. of latent variables  --- --- 2
Number of iterations --- 2

TABLE 4: Percentageimprovement upon using thethree
componentsin GAsoptimization.

Compound used for Improvement %

optimization AMB GU TH
AMB 16.22 18.48 -1.50
GU* 13.50 15.20 150
TH -32.40 -4.00 8.33

* compound chosen for GA-PL S optimization.

and the statistical parameters of theregression equa
tionsaresummarized in TABLE 5. To further access
the predictiveability of themodels, they were applied
to an external validation set where good results and
low RM SEP values were obtained, TABLE 6. The
devel oped model swere successfully applied for de-
termination of AMB, GU and TH infarcosolvin® and
trisolvin® capsules, TABLE 6. Asshownin Figure 2,
thereisadegree of spectral overlap among the stud-
ied drugsand methyl paraben, thuswe have explored
the use of modelsupdatein order to removetheinter-
ference from methyl paraben.

Modelsupdate

Multivariate calibration model scan be updated by
induding samplescontainingthe new sourceof datavari-
ancetotheexiging cdibration set and the concentrations
of thenew samplesareadded to the existing concentra
tion matrix. Theminima number of samplesneededto
efficiently update the devel oped modelsmust beaccu-
rately determined and theinfluence of number of samples
added to thecalibration set on RM SEPwas studied for

TABLE 5: Regression and analytical par ameter sof the proposed methodsfor deter mination of ambroxol, guaifenesin

and theophylline.

Chemometric methods

RP-HPL C method

Parameters AMB GU TH
AMB GU TH
PLS GA-PLS PLS GA-PLS PLS GA-PLS
Linearity
Range 15-55ug/ml 4-12 pg/ml 2-10pug/ml 3-50pug/ml 5-50pg/ml 3-35pug/ml
Slope 0.9927 09947 1.0028 1.0024 0.9821 0.9821 0.0091 0.0176 0.0353
Intercept 0.0012 0.0049 0.0973 0.0749 0.0757 0.0677 0.0003 0.0009 -0.0176
n 0.9998 09998 0.9997 0.9997 0.9998 0.9998 0.9997 0.9997 0.9997
Accur acy 100.58 100.04 100.20
Precision
Repeatability 0.958 0.897 0.699
Intermediate precision 1.005 0.957 1.001
LOD 0.80 pg /ml 1.50 pg /ml 0.50 pg /ml
LOQ 242 ng /ml 4.55 pg /ml 1.52 pg /ml

r: the correlation coefficient.

eech deve oped multivariatecdibrationmode. Thenum-
ber of different samplesadded showsalargeimpact on
the predictiveability of the updated models, wherefor
AMB theRM SEP of themode supdated decreasesfrom
1.623and 2.067 for theinitid modelsto 0.029 and 0.051
for theupdated PLS and GA-PLSmodds, respectively,
which representsanimprovement of 98.2 and 97.5%

for the two methods, respectively. Whilefor GU the
RM SEP of the model s updated decreasesfrom 0.651
and 0.372100.096 and 0.093 which representsanim-
provement of 85.3 and 75 % for the two methods, re-
spectively. TheRM SEPof TH inthe updated models
decreasesfrom 1.25and 1.23t0 0.067 and 0.096 which
representsan improvement of 94.6 and 92.2 % for the

Hnalytical CHEMISTRY o
A Tndéan W



ACAIJ, 10(8) 2011

Nada S.Abdelwahab

545

two methods, respectively. Four samplesarefound to
be necessary to perform an efficient update of thedeve -
oped PLSand GA-PLSmodds. Theresultsof analysis
of farcosolvin® syrup (of different batch number) by the
updated modd sanditsstatistical comparisonwiththose
obtained by applying the devel oped HPLC method are
presented in TABLE 6, which showsthat the updated
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mode scan be successfully applied for determination of
thestudied mixturein syrup with good accuracy and pre-
cisonwithout reconstruction of thecalibration set.

When PLSmodd was preceded by GA wavelength
sdlection, theprediction of AMB, GU and TH wasim-
proved asdescribed by the decreasein RM SEP va ues
relativeto thedeveloped PLS modd.

TABLE 6: Determination of thestudied drugsin thelabor atory prepared mixtures(L.P.) and different phar maceutical
prepar ationsby the proposed methodsand statistical comparison with thedeveloped RP-HPL C method.

Chemometric methods

RP-HPLC method

Parameters AMB GU TH
AMB GU TH

PLS GA-PLS PLS GA-PLS PLS GA-PLS

L_P. Mixture<® 99.32+ 99.69+ 9870+ 99.03+ 100.21+ 99.98+

o 1.096 0.893 1.039 0.976 1.438 1.258

RMSEP 0.037 0.032 0.099 0.084 0.065 0.064

Farcosolvin® Syrup 9780+ 9860+ 98.03+ 9733+ 96.76+ 97.70+ 99.05+ 97.80+ 9831+

(B.N.451) 0.379 1.856 1.063 1.073 0.522 0.464 0.906 1.213 1.067

Standard addition? 10229+ 102.02+ 10152+ 99.73+ 99.74+ 10051+ 101.09+ 9845+ 99.83+
0.958 1.415 1.810 3.012 1.613 0.794 1.005 0.968 1.540

Degree of freedom 8 8 8 8 8 8

F-test (6.388)° 5.702 1.234 1.302 1.278 4.168 5.293

Farcosolvin ® capsules® 10593+ 106.33+ 10342+ 10350+ 101.80+ 101.67+ 108.30+ 105.47+ 102.07 +

(B.N.146) 0.829 1.291 1.013 1.965 0.322 0.709 1.362 1.326 0.795

Standard addition? 9831+ 10218+ 101.20+ 101.46+ 10046+ 99.37+ 100.99+ 102.05+ 99.87=+
0.906 1.076 1.697 0.238 1111 1.266 1.549 0.965 1.839

Degree of freedom 8 8 8 8 8 8

F-test (6.388) © 2.697 1.188 1711 2.197 6.083 1.260

Trisolvin ® capsules’ 102.00+ 10133+ 100.80+ 99.80+ 9533+ 96.17+ 10222+ 100.97+ 96.64+

(B.N.082161 A) 1.369 1.068 1.217 1.472 1.076 1.157 1.323 1.621 1.423

Standard addition? 101.94+ 10159+ 10155+ 101.27+ 101.64+ 10053+ 10256+ 100.99+ 101.45+
0.587 1.294 1.058 0.551 1.365 1.446 1.054 1.598 0.859

Degree of freedom 8 8 8 8 8 8

F-test (6.388)° 1.072 1.536 1.773 1.212 1.752 1514

RP-HPL C method

For andyticd purpose, itisdwaysof interest toes-
tablish methods of analysi sthat need short timeperiod
with acceptableaccuracy and precision. Inthisstudy a
convenient and efficient RP-HPL C method was devd -
oped for determination of AMB, GU and TH in their
ternary mixturesandindifferent pharmaceuticd prepara:
tionsinthepresenceof methyl parabenwith high sensitiv-
ity, short anaysi stimeand without sample pretrestment.
M ethod development and optimization

Prior to the validation step, the hereby proposed
method was devel opedin order to provideasmpleand
optimum procedurewith reduced timeand cost of andy-
gs Theinitid runwaspeformed usngthereported HPLC
method™ wherelong runtimewas needed (> 20 min).

Moreover, scanning at 235 nm gave poor sengtivity for
eechthestudied drugs(especidly GU). Different param-
eterswerethen manipul ated to obtain an acceptablereso-
|ution betweenthethreestudied drugsand methyl paraben,
reducetheandysistime, enhancethequantitationlimit of
themethod and satify the HPL C system suitability.

I nfluenceof organic modifier and itsration

The optimization was started with 0.05 M phos-
phatebuffer: acetonitrile (70: 30, v/v pH 3.8 with acetic
acid) which gaveastrongly tailed peak for AMB after
long time (> 18 min), also changing acetonitrileratio
(60:40 and 50:50, v/v pH 3.8) did not improveAMB
peak. The next step is to replace acetonitrile with
methanol whichisreported to influencetheretention
characteristics of basic solutes (such asAMB) and
also affect the dissociation of both buffer and basic
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solutes™. Different ratiosof buffer: methanol were
tested (85:15, 70:30 and 50:50, v/v pH 3.8) wherein
all casesimprovement of AMB separation was ob-
served but with poor resolution among TH and GU
pesks. Combinationsof methanol and acetonitrilealong
with the phosphate buffer in different ratioswerethen
tried (59:40:1, 63.5:18.5:18 and 63.5:27.5:9, by vol-
ume pH 3.8) by volume wherereasonabl e chromato-
graphic separation of TH, GU and AMB were ob-
talned onusing buffer: methanol: acetonitrile(63.5: 27.5:
9, by volume pH 3.8 with acetic acid) but with the
samevaluefor tailing factor of AMB peak.

Ratioof triethylamine

Tailing of AM B peak may probably be explained
by the establishment of interactions between theamine
group of AMB (as abasic component) and silanol
groupsof the stationary phasd®®. Thereare many pos-
siblewaysfor suppressing theseinteractions, among
them isthe addition of “silanol blockers’ “I%8 e.g. tri-
ethylamine (TEA) tothemobile phase. TEA provides
acompeting aminethat can also strongly bond to free
silanol groupsin the stationary phaseinhibiting or at
least reducing AMB interaction with thesegroups. Dif-
ferent ratios of triethylamine weretested (0.1, 0.2,
0.25 and 0.3% of the mobilephase). Acceptable and
stable tailing factor was obtai ned when the percent-
age of triethylaminewas above 0.2% of the prepared
mobile phasevolume. Finally mobile phaseconsisting
of buffer: methanol: acetonitrile: triethylamine (63.5:
27.5: 9: 0.25%, by volume pH 5 with acetic acid)
was chosen for the chromatographic separation.

pH of themobile phase

Themolecular structuresof AMB, GU and TH,
Figure 1, imply that AMB isthe only component of
the studied mixture that contains functional group
(amine group) which ionizes and reflectstheimpact
on separation with pH variation. Theretention time
and theresol ution of both TH and GU wereamostly
unchanged uponusing different pH values. On the other
hand, AMB showed dramatic changeinitsretention
timewith pH variation which affected its chromato-
graphic separation from methyl paraben. AMB, being
basic compound, ismoreretainedin RP-HPLC inits
molecular or unionized form (i.e. high pH vaueof the
mobile phase)®”, so when different pH valueswere

Hnalytical CHEMISTRY o

tested (3, 3.8,4.5, 5.5, 7 and 8 pH). The best resolu-
tion with reasonabl e retention time of AMB and me-
thyl paraben was obtained at pH 5.5.

Different reportsrealized that better model sareob-
tained when the pH in the mobile phaseisconsidered
instead of aqueous pH of the buffer(6-62, so pH of 5.5
was adjusted for the prepared mobile phaseasawhole.
Inaddition, acetic and phosphoric acidsused for adjust-
ing the mobilephase pH weretested. Using aceticacid
gave good resolution even at lower pH vaue (pH 3.8)
but with poor sengtivity for al of thestudied drugs, while
on using phosphoric acid the sensitivity wasimproved
but with bad resol ution anong AMB and methyl paraben
a pH vaues< 5. Phosphoric acid wasused to adjust the
mobile phase pH to 5.5 which resulted in good chro-
matographic separation and good sengtivity.
Optimization of mobile phaseflow rateand scan-
ningwavelength

The mobile phasewas pumped at different flow
rates(1, 1.2, 1.3and 1.5 ml /min) where optimum sepa:
ration with reasonabletime of analysiswas obtained
with flow rate of 1.2 ml/min. Scanning the produced
chromatograms at different wavelengths (220, 235 and
254 nm) was also carried out where scanning at 220
nm showed good sengitivity for al of the studied drugs.

After an extensve study, themethod hasbeen find-
ized on RP-C18 column (250 x 4.6 mm, 5 pm particle
size) using mobile phase of 0.05M phosphate buffer:
methanal: acetonitrile: triethylamine(63.5: 27.5: 9: 0.25%,
by volumepH 5.5with phosphoricacid), flow rateof 1.2
ml/minand detectionat 220 nmfor al components. Typica
HPL C chromatograms, Figures 3, 4 represent thesatis-
factory separationbetween TH (3.15min), GU (4.5min),
methyl paraben (6.38 min) andAMB (8.9 min).
Method validation
Linearity

Under optimum chromatographic conditions, lin-
ear rel ationships exi sted between the mean integrated
peaks height and the corresponding concentrationsfor
each of AMB, GU and TH. Thevaluesof correlation
coefficientswerecloseto unity indicating good linear-
ity, thecharacteristic parametersfor theregress on equa
tionsobtained by least squaretreatment of theresults
aresummarizedinTABLEDS.
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Figure3: HPL C chromatogrameof 20 pg /ml of (a) TH, 50 pg
/ml (b) GU and 50 pg /ml (c) AM B.
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Figure4: HPL C chromatogrameof far cosolvin® syrup con-
tains20 ug /mlof (a) TH, 12 ng /ml(b) GU, (c) methyl par aben
and 6 ug /ml (d) AMB.

Specificity

It was proven asthe retention timesfor each com-
pound inrecovery experimentswereidentica tothose
of standard solution, Figures 3, 4. Also, no pesksat the

retention timesof the studied drugswere observed, in-
dicating absence of interferencefrom methyl paraben.

Accuracy

Accuracy indicates the agreement between ob-
tained results and those accepted astrue, detailed re-
sultsare presented in TABLE 5. Results of standard
additiontechnique, TABLE 6, a so confirm the accu-
racy of the method.

Precision
Theresults of intra-day and inter-day precision

confirme good precision of the proposed RP-HPLC
method, TABLES.

Limitsof detection and quatitation
Thelowest concentration at which an analyte can
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be detected (LOD) or quantified with acceptable ac-
curacy and precision (LOQ). Results presented in
TABLEDS5, indicatethat themethodissensitivefor de-
termination of the studied drugs.

Robustness

Robustnesstesting isuseful in order to provethat
typical variationstothemethod arenegligibleinthepro-
cedure outcome, being usually studied by deliberately
changing critical parametersand monitoring possible
dterations. Themethod showed no significant changes
initsresultsconcerning small but expectablevariaions
of themobilephaseflow rateandratio of triethylamine
inthemobilephase. Ontheother hand, any smdl varia-
tionin themobile phase pH showed dramatic changein
retention time of AM B, affecting theresol utionamong
AMB and methyl paraben, henceit was concluded that
themethod issengitiveto mobile phase pH.

System suitability tests (SST)

System suitability testes (SST), TABLE 7, con-
firmed that the chromatographi c system was adequate
for theandysisplanned to be done. Also theca culated
SST parameterswerewithinthe acceptancecriteriafor
good HPL C practice (except the capacity factor for
TH which can not beimproved morethan 0.8).

The proposed validated HPL C method hasbeen
applied for determination of AMB, GU and TH in
farcosolvin® andtrisolvin® cgpsules, TABLE 6. Also, it
was optimized and applied for their determinationin
farcosolvin® syrup, TABLE 6, where satisfactory reso-
lutionfrom methyl paraben wasobtained, Figures 3, 4.
Statistica comparison (using F-test) of theresultsob-
tained by applying the proposed chemometric models
for andyssof thethree proposed drugsin different phar-
maceutical preparationsto those obtained by applying
the proposed RP-HPL C method showed no signifi-
cant difference between them regarding both accuracy
and precison, TABLE 6.

CONCLUSION

The described methods provide convenient and ef-
ficient methodsfor thedetermination of AMB, GU and
TH indifferent pharmaceutica formulaionsinthepres-
enceof methyl paraben. Spectrophotometrictechniques
when coupled with chemometrictools, the quality of
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TABLE 7: Satistical analysisof parameter srequired for system suitability testing of RP- HPL C method.

Obtained value
Parameters e

TH GU Syrup additive AMB Reference value
Resolution (Rs) 1.83 221 1.59 >0.8
Relative retention (a) 1.94 1.68 1.53 >1
Tailing factor (T) 1.25 112 1.00 1.34 T =1, for atypical symmetrical peak
Capacity factor (k') 0.81 157 2.65 4.04 1-10 acceptable
Number of theoretical 4019 3600 7936 4979 Increase with the eff|C| ency
plates (n) of the separation
HETP 622107 694x10° 345x10° 5p2x 10  hestmalerthevaue the higher

the column efficiency

RM SEP: root mean squareserror of prediction; a: average of 3 determinations; b: aver age of 5 determinations; c: thevaluesin the
parenthesis are the corresponding theoretical values at p= 0.05; HETP = height equivalent to theoretical plates (cm/ plate)

spectral information can be markedly increased, con-
verting thiscombined techniqueinto apowerful and
highly convenient analytica tool. Thesuggested multi-
variate methods are rapid, economic and do not re-
quire sophisticated instrumentation. It wasfound that
GA-PLSismoreaccuratethan PLSmodel, the superi-
ority of GA-PLSisduetothewave ength selectionin
PL Scdlibration using genetic agorithmwithout | oss of
prediction capacity that providesuseful information
about themulti- component system. Ontheother hand,
the devel oped HPL C method ismore specificthanthe
suggested chemometric models, but it needsexpensive
equipment and materia's. Good results obtained by ap-
plying the proposed methods showsthat they arefree
frominterference of methyl paraben usedin commer-
cia formulation (after updating the chemometric meth-
odsand optimizing the RP-HPL C method), therefore
no additional extraction or separation arerequired. The
deve oped methods can beapplied for routineanaysis,
quality control of mixturesand commercial prepara-
tionscontai ning thesethreedrugs.
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