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ABSTRACT KEYWORDS
This paper describesthe optimization and validation of an analytical method Paracetamol;
for the determination of paracetamol and caffeinein tabletsby HPLC using Caffeine;
Box Behnken design. Validation;
This multivariate approach allows a considerable improvement in chro- Accuracy profile;
matographic performance using fewer experiments, without additional cost Total error;
for columns or other equipment. By applying the quadratic regression Uncertainty;
analysis, the equations describing the behaviors of the response as simul- Pharmaceutical formulations,
taneous functions of the selected independent variables were developed. RP-HPLC.

Accordingly, the optimal conditions were determined.

A novel validation strategy based on the accuracy profiles was used to
select the most appropriate regression model, to assess the method accu-
racy within well defined acceptance limits and to determine the limits of
quantitation as well as the concentration range.

The statistical methodology alowing to correctly concluding about the
validity of a procedure is proposed in this article. Indeed all the steps to
obtain the decision tool namely the accuracy profile are described and
illustrated. Thistool, based on the concept of total error (bias + standard
deviation) build with a p-expectation tolerance interval, allows to easily
taking the right decision and simultaneously minimizing the risk of the
future use of thisanalytical procedure. Finally, uncertainty derived from f3-
expectation tolerance interval, which is equal to the uncertainty of mea
surements as well as the expanded uncertainty using a coverage factor k=
2wasestimated. © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION lar non-steroidal anti-inflammatory drugswidely used

for management of pain and fever in avariety of pa-

Paracetamol (acetaminophen, N-acetyl-p- tientsincluding children, pregnant women, the eld-
aminophenol, 4-acetamidophenol) isoneof thepopu-  erly and those osteoarthritis, simple headaches and
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non-inflammatory muscul oskel etal conditions.

Paracetamol isused as analgesic and antipyretic
agents. Itsactionissimilar to aspirin, and isasuit-
ablealternativefor patientswho are sensitiveto as-
pirin.

Caffeine (3,7-dihydro-1,3,7-trimethyl-1H-purine-
2,6-dione) isan alkaloid N-methyl derivative of xan-
thinewiddy distributed in natura products, commonly
used in beverages.

It hasmany physiological effects, suchasgastric
acid secretion, diuresis, and stimul ation of the central
nervous system(¥, Caffeineisused therapeutically in
combinationwithergotamineinthetrestment of migraine
or incombinationwith no steroidal anti-inflammatory
drugsinanagesicformulations.

Paracetamol and caffeine appear to be associ-
ated in many commercial formulations because caf-
feine increases the analgesic character of
paracetamol ™.

Numerous methods have been reported for the de-
termination of paracetamol and caffeineincluding spec-
trophotometric? 4, chromatographi >, infrared*>¢,
flow-injection(*, electrochemical (1823
spectrofluorimetric®27, and chemiluminescent!?2,

Themaoritiesof methodsused in routine control
|aboratory have poor selectivity and do not takeinto
account also the impurity k (4-aminophenol) of
paracetamol. Indeed, the peak of 4-aminophenol may
interferewith that of paracetamol or that of caffeineso
these methods have poor separation on the onehand
between the peak of paracetamol and the peak of caf-
feine and other hand between the peak of paracetamol
and the peak of 4-aminophenol which generatesabad
determination of two drugsin pharmaceutical forms.
Hence the need to optimize the operating conditions
chromatographicto haveagood sdectivity.

Developing and optimizing an isocratic HPLC
method isacomplex procedurethat requiressimulta-
neous determination of severa factors(e.g. typeand
composition of theorganic phase, column temperature,
flow rate, pH, type of the stationary phase, etc.).

The principles behind these techniques (known Re-
sponse surface methodol ogy), encompassesthe use of
experimental design, generation of mathematical equa-
tionsand graphic outcomes.

Response surface methodol ogy (RSM) isacollec-
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tion of statisticd and mathematical techniquesused for
the improvement and optimization of complex pro-
cesses®3, |t isacommonly used method tofind the
optimal chromatography conditionsfor the separation
of thedrug compounds. Themodd equation easily clari-
fiestheeffectsfor binary combination of theindepen-
dent parameters. In addition, the empirical model that
rel ated theresponseto theindependent variableisused
to obtaininformation about the process. With respect
to these, one can say that RSM isauseful tool for the
optimization. Findly, RSM a so representsamoreeco-
nomica approach asthe number of experimentscan be
sgnificantly reduced.

Theaim of the present paper wasto develop and
optimizeasimpleand rapid high-performanceliquid
chromatography method for the ssmultaneous determi-
nation of paracetamol and caffeine, using experimenta
design. The significance of the studied factors was
evd uated with theoptimum chromatographic conditions
wereestimated by aBox Behnkendesign (BBD) using
both agraphical (response surface and overlay contour
plots) and amathematical (Derringer’s desirability func-
tion) global optimization approach. Findly, the proposed
method has been fully validated according to the new
strategy proposed by the Commission of the Société
Francaise des Sciences et Techniques Pharmaceutiques
(SFSTP) for thevadidation of quantitativeanaytica pro-
cedure®38, Al thestatistical calculations necessary to
implement the concepts presented inthe SFSTP guide
are devel oped inthis paper (see appendix1) for the
quantitative determination of paracetamol and caffeine
inpharmaceutical preparations.

EXPERIMENTAL

Chemicalsand solvents

All chemicdsand solvents used wereof anaytica
or HPL C grade. Paracetamol and caffeineacid were
supplied by the European Pharmacopoeia(Strasbourg,
France). Potassium dihydrogen phosphate, sodium
octanesulfonate, 4-aminophenol were purchased from
AcrosOrganics(Ged, Begium). Phosphoricacid (85%)
was obtained from Merck (Darmstadt, Germany).
Deionized water was generated from Milli-Q water
purifying system (Millipore, Wetford, UK). Phosphate
buffer solution was prepared by dissolving 6.8 g of
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potassium dihydrogen phosphateand 1,179 of sodium
octansulfonatein 1.| of deionized water. The pH was
adjusted to 4.5 with phosphoric acid.

Apparatus

The method devel opment was performed with a
PERKIN ELMERLC system with amodel series200
pump, amodel series 200 injector and amodel series
200 DAD detector. Thesystemwascontrolled and data
andyseswere performed with the Totd Chrom software
verson5.2

Chromatogr aphicconditions

The chromatographic andysiswasperformedona
Lichrospher 100 RP-18 column (250mmx4mmii.d,
Sum)and kept at 25 &%C. The mobile phase was pre-
pared by mixing acetonitrile and phosphate buffer solu-
tion (pH 4.5) inaratio 15:85 (v/v) and was degassed
before use. The HPLC system was operated
isocraticdly at aflow rateof 1 ml/minandtheinjection
volumewas20ul. UV detection was performed at 270
nm and peakswereidentified with retention timesand
UV spectra

Sandard solutions

(a) Solutionsused for method development

Paracetamol (500 mg) and caffeine (50 mg) were
accurately weighed ina50ml volumetricflask and dis-
solved in the mobile phase and filled up to volume
with same solvent. Thisstock solution was degassed
inan ultrasonic bath for at least 10min. after that, sub-
sequent dilutionswere performed in order to obtain
severa solutionsat the concentration levelsas men-
tionedinTABLE 1.

(b) Solutionsused for method validation and rou-
tine

Independent stock solutions of paracetamol and
caffeinewere prepared inthe sameway as mentioned
inpoint Section 2.5.1. Subsequent dilutionswere car-
ried out in order to obtainthecdibration and validation
standards. Six concentrations(m=6) of paracetamol and
of caffeinewere used. Each concentration was ana-
lyzed 3times(n=3) for 3 days(k=3). The experimental
designisillustratedin TABLE 1.

Computations
Work on experimental design, dataanalysis, re-

—— Fyll Peper

sponse surfaces, contour diagrams and theregression
modelswerecarried out usingthesoftwareMinitab®15.
The accuracy profiles were developed using the
Microsoft office Excd verson2010.

RESULTSAND DISCUSSION

Method development

(a) Box-Behnken experimental design

In order to study the simultaneousvariation of the
factorsontheanalytical responses, amultivariate ap-
proach usingaBox—Behnken statistical experimental
designwas gpplied. Thisdesign was constructed based
ona3*factoria design, threereplicationsof thecentral
run, leadingto 15 setsof experiments, allowing each
experimental responseto be optimized.

Before starting an optimization procedure, itisim-
portant toidentify thecrucia factorsaffecting thequal-
ity of thederived outcomes. Thethreefactorsevalu-
ated in thisdesign and their levelswere reported in
TABLE 1. All other factors such asthetemperature of
column thermostati sation, the stationary phase, thein-
jection volume and the wavel ength of detection were
maintained constant.

A three-factor, three-level Box—Behnken design
was gpplied for the optimization procedureand theana-
lytical responsesusedinthisexperimenta designwere
resolution (R,) between PAC and AMPpegks (R ,>2),
resolution (R,) between AMPand CAF pesks (R>2)
andretentiontime(R,) of PAC (R,>4min).

TABLE 1: Thelevesof thevariableschosen for thetrials

Indfependent Unit  Symbol Lgvels -
actors Low Middle High
Flow rate Mimint X1 08 14 2
Proportion of CAN % X2 10 15 20
Ph - X3 3 5 7

(b) Satistical analysis

Regression anaysiswas performed for the experi-
ment dataand wasfitted into theempirical second or-
der polynomia model, asshown inthefollowing equa
tion:
Y = aO + alxl + aZXZ + a3x3 + a12X12 + a13)(13 + a23x23+ a11)(21 + aZZXzZ
+ a33X23+ €

WhereY istheresponse calculated by themodel; X,
—  Analytical CHEMISTRY
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X, and X, are coded variabl es, corresponding to flow
rate, pro.ACN and pH, respectively. a, a,and a, are
thelinear; a,, a,,and a,,arethequadraticand a ,, a ,
and a,, arethe cross-product effects of the X, X, and
X, factorson the response.

Thequality of thefitted model was expressed by
the coefficient of determination R?, anditsstatistica Sg-
nificance was checked by an F-test (analysisof vari-
ance) at the5% sgnificanceleve.

Thedatistical Sgnificanceof theregression coeffi-

cientswasdetermined by usingthet-test (only signifi-
cant coefficientswith p-value< 0.05 areincluded).

Theanalysisof variancefor the experimental re-
sults of the Box—Behnken design is also shown in
TABLE 2. The coefficient of determination (R?) of the
mode wasabout 0.98 for the three responses, indicat-
ing that themodel adequately represented thered rela
tionship between the parameters chosen. Furthermore,
results of theerror anaysisindicated that thelack of fit
wasinggnificant (p-value>0.05).

TABLE 2: ANOVA of responsesur face quadr atic model

Source Resolution-1 Resolution-2 Timeretention
MS F p-value MS F p-value MS F p-value

Regr on 1.913 25.00 0.001 1473 28.60 0.001 1.562 40.57 0.000
Residual Error 0.076 0.052 0.038
Lack-of-Fit 0.121 0.079 0.057

! 12.08 0.077 7.92 0.114 5.75 0.152
Pure Error 0.010 0.010 0.010
R2 0,978 0,981 0,987

Theregress on coefficientsof theintercept, linear,
quadratic, andinteraction termsof themodel werecal-
culated using theleast squaretechnique and are pre-
sented in TABLE 3. It was evident that all thelinear
parameters and quadratic parameterswere found to
be significant (p < 0.05), whereas all theinteraction

parameterswereinsignificant (p> 0.05).
Y,=3.90+0.61 X, +0.83X,+0.86 X,~0.65 X2~ 0.43 X?,—
0.50 X2, @A)
Y,=4,9+046 X, +0.73X,+0.79X,— 0.49 X* - 0,46 X, —
0,49 X2, )
Y,=5.5+0.41X, +0.51X,+1.03X,-0.58 X? —0.28 X?,—
0.45 X2, ©)

TABLE 3: Regression coefficientsand their significancein thequadr atic model of resolution and retention time

Terms Resolution-1 Resolution-2 Timeretention
Estimate  t-test p-value Estimate t-test p-value Estimate t-test p-value
Constant 3.90 24.42 0.000 4.90 37.39 0.000 5.500 48.55 0.000
Flow rate 0.613 6.26 0.002 0.463 5.76 0.002 0.413 5.95 0.002
Pro. CAN 0.825 8.44 0.000 0.725 9.04 0.000 0.513 7.39 0.001
Ph 0.863 8.82 0.000 0.787 9.82 0.000 1.025 14.78 0.000
Flow rate*Flow rate  -0.650 -4.52 0.006 -0.487 -4.13 0.009 -0.575 -5.63 0.002
Pro. ACN*Pro. ACN  -0.425 -2.95 0.032 -0.463 -3.92 0.011 -0.275 -2.69 0.043
pH*pH -0.500 -3.47 0.018 -0.487 -4.13 0.009 -0.450 -4.41 0.007
Flow rate*Pro. ACN  0.025 0.18 0.864 0.200 1.76 0.138 -0.000 -0.00 1.000
Flow rate*pH 0.100 0.72 0.502 -0.025 -0.22 0.834 0.025 0.26 0.809
Pro. ACN*pH -0.075 -0.54 0.611 0.050 0.44 0.678 -0.225 -2.29 0.070

(c) Responsesurfaceoptimization

Theoptimum processing conditionswere obtained
by using graphica and numerica anaysisbased onthe
criterion of desirability function and the response sur-
face. Derringer’s desirability function (D) can take val-
uesfromOto 1. A valuecloseto unity indicatesthat the

combination of thedifferent criteriaismatchedinaglo-
bal optimum. Thedesirability wascloseto 0.88 when
themobile phaseflow was0.97 mL min™, the propor-
tion of acetonitrilewas 17.4%, and the pH was4.1. To
facilitateinterpretation of theresults, wedecided tofix
theflow rateat 1 mL min’.
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Figure 1aand 1b showstheeffect of pH and pro-
portion of ACN on resolution-1 and resolution-2 a a
constant flow rateof 1 mL min™. Indeed, the resolu-
tion-1 and resol ution-2increased when pH and % ac-
etonitrile concentration increased, especialy from pH
4.0 and proportion of ACN 14.5%. Figure 1c shows
the effect of pH and proportion of ACN on retention
timeof PAC at fixed flow rate, especidly frompH 4.0
and proportion of ACN 14.0%.

Thecontour plot of theresponsesin Figure 2 shows

Prao. ACN

—= Fyll Peoper

thezoneof optimization (colorlesszone: R, R.>2and
R,> 4) and describes pH and proportion of ACN to be
intheranges3.5-5.0 and 13.0-16.5, respectively.
Findly, takinginto account thefactor values ob-
tained fromthe desirability function and the surfaces of
theresponses. The optimal operating conditionsof the
chromatographic method for s multaneous determina
tion of PAC and CAF are ImL min?, 4.5 and 15% of
themobile phaseflow rate, pH and amount of acetoni-

trile, respectively.

Pro. ACN

Figurel: Response-surfaceplotsrepresenting theeffect of mobilephasepH and proportion of acetonitrileon ther esponses:
(a) retention timeof paracetamoal, (b) resolution-1 and (b) resolution -2. M obile phaseflow ratewasconstant at 1 mL min-1
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Figure 2 : The contour plot of the resolution and the

retention timeof paracetamol for proportion of acetonitrile

and mobile phase pH. Mobile phase flow rate was kept

constant at 1 mL min-1
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Figure3: chromatogram of the mixture of paracetamal, 4-
aminophenal and caffeine
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The chromatogram obtai ned by use of these con-
ditionsisshownin Figure 3. It is apparent response
surface predictionswerein good agreement with the
experimental results. Therefore, Box— Behnken statis-
tical desgnwasrdiableand effectivein determiningthe
optimum conditions.

Validation
(a) Selectivity

The method sel ectivity was checked by compari-
son of typica chromatograms obtained by injectinga
blank-mobile phase and sol ution of the placebo and
solution of paracetamol, caffeine and 4-aminophenol.
No interfering endogenous peak could be detected as
showninthechromatogram of blank-mobilephaseand
of theplacebo (figure4 & figure5). In addition, ascan
be seen in figure 3 the peak corresponding to
paracetamol can beeadly integrated in presence of the
peak corresponding to 4-aminophenol. Theretentions
times were 5.25, 6.3 and 8.5 of paracetamol, 4-
aminophenol and caffeinerespectively.

Figure4 : Superposition the chromatogram of the
solution of paracetamol and caffeine with chromato-

——r  Analytical CHEMISTRY
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Figure4: Superpostion thechromatogram of thesolution of
paracetamol and caffeinewith chromatogr am of mobile phase
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Figure5: chromatogram of theplacebo

<Figure5>
(b) Responsefunction

Theresponsefunction of an andytica procedureis,
within therange selected, the existing rel ationship be-
tween theresponse (signal) and the concentration (quan-
tity) of theanaytein the sample. Inthe present study,
eight different response functions were tested (for
paracetamol and caffeine) and accuracy profilesbuild
for each of them. Five of the tested model s appear to
answer the objective of determination of paracetamol:
the quadratic regresson mode , thelinear regression -
ter quareroot transformation, thelinear regressonmodd,
theweighted 1/X linear modd and theweighted 1/ inear
regresson modd . For the quantification of caffeine, five
cdibrationsmode s can be used to describe adequately
therel ationship between concentrationand anayticd re-
gponse: thelinear regress onmodd, thelinear regresson
after squareroot transformation, theweighted 1/X linear
modd, theweighted 1/Xinear mode andthelinear re-
gression after logarithmtransformation. However, their
application in routine can be quite long and not easy.
Therefore, we selected the s mplelinear model which
firgtly respondsto the objectivesof our method and a'so
isconvenientfor routineandyss.

Concentrationsrecovered from thevaidation stan-
dardsarecd culated fromthesmplelinear mode, which
yielded for each level of concentration mean relative
bias, the tolerance upper and lower the expected val-
uesat thep and this, in considering the standard devia-
tion of intermediate precison. Then, theaccuracy pro-
file of paracetamol and caffeine are constructed from
thesedata. SeeFigure6 & 7.

Relative E1ror (%)

0,05 0.20 0.30 0.50 0.80 1.00

Level of concentration (ing/ml)

= === |imited'acceptaion =@ |T supérieur =sr=—|Tinférieur === Bias
Figure 6 : Accuracy profiles of paracetamol using linear
regression model

8 1

Relative Error (%)

12 + + + | —

0.005 0,02 0,03 0,05 0,08 0,10

Level of concentration (mg/ml)
Figure7: Accuracy profilesof caffeineusing linear re-
gression model

(c) Precision

Precisonistheclosenessof agreement among mes-
surementsfrom multiple sampling of ahomogeneous
sample under the recommended conditions. It gives
someinformation onrandomerrorsandit canbeevau-
ated at two levels: repeatability andintermediate preci-
sion. Resultsarepresented in TABLES2 & 3

TheR.S.D. valuesmentionedinTABLES2 & 3
werereaively low; therdative standard deviation val-
uesfor repeatability and intermediate precision were
between (0.87, 0.89% for paracetamol) and (0.68,
2.95% for caffeine), illustrating the good precision of
the proposed method.

(d) Trueness
Truenessrefersto the closeness of agreement be-
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tween aconventional ly accepted val ue and amean ex-
perimentd one. It givesinformation onsystematic error.

TABLES4 & 5report truenessexpressed asrela
tivebiasand recovery for thedifferent level of vaida-
tion standards. Trueness was acceptable for the two
analyzed actives substances, sincethe biasdid not ex-
ceed thevaueof + 5%, irrespective of the concentra-
tionlevel, except at thelowest concentration level of
paracetamal.

TABLE 4: Validation resultsfor paracetamol usingthelinear
regression model

Validation

criterion for

paracetamol
Response Day 1 Day 2 Day 3
function Slope 15250275 15333603 15282501
(P=3;n=3; Intercept 227713 225633 215965
m=6) r2 0,9977 0,9983 0,9975

Trueness Relative bias Recovery

(p=3n=3) (%) (%)

0,05 (mg/ml) -21,11 78,89

0,20 (mg/ml) -2,43 97,57

0,30 (mg/ml) 0,13 100,13

0,50 (mg/ml) 1,32 101,32

0,80 (mg/ml) 1,38 101,38

1,00 (mg/ml) -2,81 97,19

Precision Repe(aoza;blllty Intermedl(g/totipreusuon

0,05 (mg/ml) 0,64 0,89

0,20 (mg/ml) 0,10 0,47

0,30 (mg/ml) 0,54 0,56

0,50 (mg/ml) 0,22 0,55

0,80 (mg/ml) 0,87 0,87

1,00 (mg/ml) 0,39 0,53

Accuracy Relative p-expectation tolerance limit
(p=3;,n=3) (%)
L ower Upper tolerance
tolerance

0,05 (mg/ml) -23,7 -18,6

0,20 (mg/ml) -4,5 -0,4

0,30 (mg/ml) -1,62 1,9

0,50 (mg/ml) -0,9 3,6

0,80 (mg/ml) -0,7 35

1,00 (mg/ml) -4,3 -1,3

Linearity

(P=3;n=3;m=5)
Range (mg/l) [0,2-1]
Slope 0,9813
Intercept 0,0075
r2 0,998

p: number of series of analysis; n: number of replicates per
series; m: numbers of concentration levels.

—— Fuyl] Paper

TABLE 5: Validation resultsfor caffeineusing thelinear
regression model

Validation
criterion for
caffeine
Day 1 Day 2 Day 3
Response Slope 56701470 56521755 56525337
function (p=3;
n=3m=6) Intercept -9949 3467 2194
r2 0,9999 0,9999  0,9999
Relative bias
Trueness (%) Recovery
(P=3n=3) (%)
0,005 (mg/ml) 3,75 103,75
0,020 (mg/ml) 0,21 100,21
0,030 (mg/ml) 0,86 100,86
0,050 (mg/ml) 0,64 100,64
0,080 (mg/ml) -0,36 99,64
0,1 (mg/ml) -0,09 99,91
Precision Repegz)a)blllty Inter mediate precision (%)
0,005 (mg/ml) 0,64 2,95
0,020 (mg/ml) 0,30 0,50
0,030 (mg/ml) 0,63 0,76
0,050 (mg/ml) 0,23 0,27
0,080 (mg/ml) 0,68 0,68
0,1 (mg/ml)) 0,08 0,44
Accuracy . i . S
(p=3n=3) Relative p-expectation tolerance limit (%)
L ower
tolerance Upper tolerance
0,005 (mg/ml) -9,2 16,7
0,020 (mg/ml) -1,3 1,7
0,030 (mg/ml) -1,11 2,8
0,050 (mg/ml) -0,1 14
0,080 (mg/ml) -2,0 1,3
0,1 (mg/ml) -2,0 1,9
Linearity (p = 3;
n=3;m=5)
Range (mg/l) [0,02-0,1]
Slope 0,9954
Intercept 0,0003
r2 0,9999

p: number of series of analysis; n: number of replicates per
series; m: numbers of concentration levels.

(e) Accuracy

Accurecy refersto closenessof agreement between
thetest result and the accepted referencevaue, namely
the conventionally truevalue. Theaccuracy takesinto
account thetotal error, i.e. the sum of systematic and
random errors, related to thetest result. Asshownin
TABLES4 & 5, the upper and the lower -expecta-
tion tolerance limits of the mean bias (%) did not ex-
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ceed the acceptancelimits settled at 5% for each con-
centrationleve (except a thelowest concentrationleve
of the two actives substances). Consequently, the
method can be considered as accurate over the con-
centrationrangeinvestigated.

12
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04

alculated concentration (mg/ml)y

02

I

0.0
1] 02 04 06 08 1 12

Introduced concentrated (mg/ml)
¥,
1
0,08
006
0,04

002

aleculated concentration (mg/ml)

0o

Ce

i 0,02 0,04 0,06 0,08 01 0,12

Tntroduced concentration (mg/l)
Figure8: linearity profilesfor paracetamol and caffeine. The
red lineistheidentity line (Y=X), thegreen and bluelinesare
theupper and lower B-expectation tolerance limits and the
dashed linesaretheupper and lower acceptancelimits

(f) Linearity

Thelinearity of an analytical methodisitsability
withinadefiniterangeto obtain resultsdirectly propor-
tiond to the concentration (quantities) of anayteinthe
sample. In order to demonstrate method linearity, are-
gressionlinewasfitted onthecal culated concentrations
of thevalidation standards as afunction of theintro-
duced concentrations by applying alinear regression
model. The equations obtained for paracetamol and
caffeinewiththeir coefficient of determination arepre-
sentedinTABLES4 & 5.

Thelinearity of the method was demonstrated us-
ing thea-expectation tolerance interval approach. In-
deed, asillustrated infigure 8, the upper and lower 3-
expectation tolerance limitswereincluded insidethe
absol ute acceptance limitsirrespective to the concen-
tration levelsfor thetwo anaytes studied.

(9) Uncertainty of measurement

The uncertainty characterizesthedispersion of the
values that could reasonably be attributed to the
measurand, i.e. the concentration of paracetamol and
caffeinein our study. Severa uncertainty resultswere
generated and are presented in TABLE 6. The expanded
uncertainty wascomputed usngacoveragefactor of k =
2, representing aninterval around theresultswherethe
unknown “true value” can be observed with a confidence
level of 95%. Asshownin TABLE 6, therelative ex-
panded uncertainty of paracetamol and caffeineirrespec-
tiveof the concentration levelsdid not exceed 5%, ex-
cept at thelowest concentration leve of caffeine.

TABLE 6: Estimates of the measurement uncertaintiesrelated to paracetamol and caffeine, at each concentration level
investigated in validation using the selected r egr ession models

Analyte Concentration Uncertainty Uncertainty Expanded Relative expanded
(mg/ml) of the bias(mg/ml) (mg/ml) Uncertainty (mg/ml) uncertainty (%)
0,05 2,09E-04 4,93E-04 9,87E-04 1,97
0,20 5,38E-04 1,09E-03 2,18E-03 1,09
0,30 5,97E-04 1,77E-03 3,55E-03 1,18
Paracetamol
0,50 1,50E-03 3,13E-03 6,26E-03 1,25
0,80 2,32E-03 7,34E-03 1,47E-02 1,83
1,00 2,43E-03 5,80E-03 1,16E-02 1,16
0,005 8,39E-05 1,70E-04 3,40E-04 6,79
0,02 4,98E-05 1,11E-04 2,22E-04 1,11
. 0,03 9,79E-05 2,49E-04 4,97E-04 1,66
Caffeine
0,05 5,70E-05 1,49E-04 2,97E-04 0,59
0,08 1,83E-04 5,75E-04 1,15E-03 1,44
0,1 2,53E-04 5,09E-04 1,02E-03 1,02
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CONCLUSION

Inthisarticle, anove validation strategy based on
the accuracy profileswas successfully applied to dem-
ongtrate the capacity of the HPL C method for smulta
neous determination of paracetamol and caffeinein
pharmaceutica formulations. Anorigina validation ap-
proach using accuracy profilesbased on f-expectation
toleranceinterva sfor thetotal measurement error per-
mit to indicatethe capability of the method. The con-
cept of accuracy profile was also used to select the
most appropriate regression model for calibration, to
determinetherange of which the method can be con-
Sdered asvalid.

Furthermore, the measurementsuncertaintieswere
estimated without any additional experimentsthanksto
thevalidation methodol ogy, allowing correct interpre-
tation and comparison of theresultsinacost effective
procedure.

Appendix

A.1Building accuracy profile
Thetotd error of andyticd measurement isthesmulta-
neous combination of systematic and random error.

Systematic error is measured by abias 4; and ran-

dom error by avarianceg’

Oneway to estimatethistotal error isto computethe?-
expectation toleranceinterval introduced by Mee®8,
and to compareit to acceptancelimits». The equation
of the2-expectation tolerance interval is:

A 1 1 A 1 1
|:MJ—Qx|:V|;ﬁ:|1 1+pTBj2&IP,j;“J +Qx|:V|+?B:| 1+pnBj2&|p,j:|

Where
» /1, isthe estimate of the mean results of the jth
concentrationleve

1+
] QII:V;Tﬂ:IiS the 2 quantile of the student t

distributionwith %2 degrees of freedom
= pisthenumber of series.
= nisthenumber of independent replicatesper series

" 5..=0.,,+ 6y, istheesimateof theintermediate

precision variance at thejth concentration level,

—— Fyll Peper
which is the sum of the within series variance

OA-;]. and the between seriesvarianceoA-;j

A2
B,

OB,
n RJ'=A2
ow,j
Rj+1
] Bj=
nRj+l
2
. (R+1)
iR+1i 1—E
n + n
p-1 pn
A.2 Measurement uncertainty

Themeasurement uncertainty & of aresult x isesti-
mated by:

A2 A2 A2
=0t 0:
Where:
& .. istheestimated intermediate precision standard

deviation.

N

(o) D

Whereg; is the uncertainty associated with the

A2
estimator of the bias; ¢ = 2;” with &2 being an
P

estimate of therepeatability variance.
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