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ABSTRACT

This research aims to propose a new vision to exaran analytical method during its life cycle, ider to show

its performance and capability to guarantee goosufes for future analysis at a confidence levelepted. In this
context, A method was proposed for separate ancahtduasimultaneously of five vitamins, that is a%to acid
(vitamin C:VC), Thiamine hydrochloride (vitamin;BVB;), Riboflavin (vitamin B VB,), Nicotinamide (vitamin
Bs: VB3) and Pyridoxine hydrochloride (vitamingBVBg) in tablet multivitamin. Chemometric tools, namely
screening design factors (Plackett-Burman) and oesp surface methodology (Box-Behnken) were used to
optimize the operating conditions of the liquid a@matography method chosen at the selection stabe. T
performances of the developed method were higleligby applying of the approach based on the conckfite
total error and accuracy profile. Results of acceygrofile showed that the 95%-expectation toleealimits for all
vitamins fell well within the acceptance limits &826. Therefore, chromatography method was capalble o
providing accurate results in the concentrationsga studied of each vitamin. On the other hand,somesnent
uncertainty was calculated at each concentratioreldor each vitamin from validation data which $kerelative
values did not exceed 5%. Finally, according tolifes cycle, we can say that our method is appaseritable for
quality control the finished products contain wasaluble vitamins.

Keywords: Vitamins, Accuracy profile, Measurement uncertgithife cycle, Control performance.

INTRODUCTION

Vitamins could be important in human endogenousabwism, they are essential for our health and #reyfound
in small quantities in natural food. Currently mantamin supplements such as multivitamins tabdetsregularly
used in the therapeutic managem@n8]. In fact of the large consumption of these produnesessitates control
methods to assure their quality.

As their chemical structure is not related, a safit&l number of publications have expounded usgliifgrent

physical and chemical methods separation. For #ierchination of water-soluble vitamin in single amalti-
component mixtures the number of papers in thealitee is very important. Researchers describedrepdrted
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different analytical methods for vitamins analysif?LC is the technique which mostly used, like HPWw@h
electrochemical detectidd], HPLC reversed-phase with gradient elution withtptdade array detectdb,8, 15,

17, 21, 22, 23, 26 HHPLC method with UV-Vis detectd®, 11, 16, 25, 27, 28HPLC/electrospray ionization-mass
[19], chromatography multiple detection with confirmatiby electrospray ionization mass spectromég],
HPLC with Fluorescence Detector and Mass Spectmynj2], a bench-top robotic system coupled to reversed
phase (RP-18) HPLC with UV detecti¢h3], HPLC and polarographic analyzE8]. In addition, the capillary
electrophoresis methd@, 12], Fourier Transform Infrared Spectroscopy (ATR-FTHRgthod[7] and fluorescence
spectrometry methofiLlO, 14] were used for determining vitamins. On the othaend) a few studies employing
chemometrics tools in vitamins determination, lékgerimental desigfb], and multivariate data analysis (PLS) in
[18]. That's why, in this work we try to investigate nabination of an optimized ion pair reversed phase
chromatography that provides complete separatiaiefvater soluble vitamins in a reasonable analysie and
acceptable resolution by the systematic study ef factors influencing the chromatographic behawar the
separation of vitamins. We performed by a multiggriapproach using experimental design methodoldggh
allowed modeling and optimization of the chromaggdric separation of water soluble vitamins.

In addition, certainly there are many LC methodsehbeen reported for simultaneous analysis of wsiéuble
vitamins. All of these methods are validated with tlassical approach of validation. None had dbaltvalidation
strategy based on total error and accuracy prdécribed in harmonization guidelines of the “FreSociety of
Pharmaceutical Sciences and Technology” (SFSTH3. éw strategy allows us to assess the accuraegigpn +
trueness) as well as to estimate the uncertaindaétt level of concentration. Each drug shoulddsgrolled by an
analytical method that is well chosen and cleadjired. However, it turns out that in some casks, routine
application of analytical methods do not necesgdeihd to a satisfactory result or pose some probleSo, it is
important to provide a good result and be ablehowsand give the guarantee that it is corf@g]. If the
measurement result cannot generate an acceptakde dé confidence, then it will present little inést. The
customer still expects a result with some configdean which he take important and crucial decisidrsus, the
performance of the analytical method must be chiéek®l the uncertainty of the result to a given ictanfce level,
be estimated30, 31] In this context, and in order to guarantee thalityuof drug, we tried during the life cycle of
our proposed method to determine its performanak gemonstrate its ability to accurately quantife tfive
vitamins.

Recently, H. Jin et al and P. Sq8b, 27] were interested in their work by development galidation of HPLC

method for simultaneous determination of water ldelwitamins, but their studies were limited witlassical

tools, most of the experimentation in vitaminsaagion development is still performed by changimg levels of
each variable separately at a time, in an unsysiemay, keeping all other variables constant idesrto study the
effects of the specific variable on the selectegbo@se or to find the optimal conditions of a caetplsystem, this
methodology is based on large number of experimamdsoften relies simply on the experience of thalyst, that
why in this work the experimental design methodgldgs been generally adopted for optimization afous

parameters influencing the separation of vitamigthermore, an optimization of the vitamins sefjanamethod

was performed using polynomial mathematical equatend response surface plots.

In all the analytical methods of chemistry, methadidation is a very fruitful topic, as indicated the literature,
nevertheless, they has still been some ambiguitgeming the conclusions of the realized testdhauit answering
the question whether the method is fit its purpasegrder to avoid this problem, an original stitel approach
based on the concept of accuracy profile (totargrby means of tolerance intervals in validatinig LC analytical
method has been applied. In addition to that theedainty was estimated in each level of conceomator the
reason that every scientist knows that an analytiesult must be necessarily accompanied by a mewssnt
uncertainty. Indeed, the expression of the unagstaassociated with measurement results becomeésortant
parameter of performance of an analytical method.

In this paper, we propose a simple and fast chrognaphic method for the determination of five vitasin drug
formulations. Thus, we recommend a strategy of tong and control along its life cycle that begingh the
selection step, the development, validation andsemith its application in routine phase in the dyatontrol
laboratory.

The selection step is to choose a suitable, rapil selective method for simultaneous determinatibrthe
components of vitamin drugs. In this step, we olmgrand discussed the main problems observed. Tihen,
development step, we provide solutions to probléseed in the selection step. Chemometric tools wsed to
help us find better solutions. Indeed, the firsieative of our study is the development a RP—HPIn@lwical
method for simultaneous quantification of five wate soluble vitamins using experimental designs elgm
screening factors (Plackett-Burman) and respondacgimethodology (Box—Behnken). Plackett-Burmasigteis
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used to identify the most influential factors ore thelected responses. While, Box—Behnken desigrsaed to
observe the interaction effect of the independemtables on the response and determine the opsetihg of
experimental factors at different levgs2, 33]

The second objective of this paper is to validage dptimized method using the approach based aheobr and
accuracy profile described in harmonization guitkdi of the “French Society of Pharmaceutical Seeand
Technology” (SFSTP) in order to show the perforneaaad capability of our procedure. Accuracy proffea
decision-making graphical tool aiming to help timalgst in deciding whether an analytical procedsnealid. Good
analytical procedure cannot be sure that the piibtyabf the difference between each measured véieof a
sample and its true valug)( which must be within the limits of acceptancattthe analyst had predefined, and can
result in the following relatio® (| x — | << A) = § with p is the proportion of measures inside the acceptanc

limits, and4 being the acceptance limits fixadpriori by the analyst according to the objectives of tleghwd. One

way to build the accuracy profile is to compute fhexpectation tolerance interval introduced by N4, and to
compare it to acceptance limits. A method is clainebe valid when tolerance intervals are fullglimied within
the acceptability limits. A validity domain is, thedefined between the limit of quantification ahé upper tested
concentration.

Finally, the third objective is to estimate the s@@ment uncertainty from validation data for tleéedmination of
five water soluble vitamins in each level of corication. For this purpose, the approach descring@5-38] is
applied.

EXPERIMENTAL SECTION

Apparatus

The chromatographic system consisted of Waters Z688p, auto sampler and Waters 2996 photodiodg-arra
detector (PDA). Data acquisition was performed iy Empower Software data registration, pH meteBatiott
(Germany).

Chromatographic conditions

The HPLC analyses were carried out in isocratic enaith LiChrospher RP-selected B C18-5um 125 x 4 mm
column; thermostatised at 30°C. The mobile phasemsisted of a mixture of buffer (0.015M hexankosiic acid
sodium salt) and acetonitrile (90:10 v/v). The floate was 1.2 mL/min, the injection volume was 30gnd the
wavelength of the detector was set at 270 nm.

Preparation of standard

Accurately weighed amount, 400.0 mg of Ascorbic dA¢VC), 100.0 mg of Nicotinamid\Bs), 20.0 mg of
Pyridoxine hydrochlorideMBsg), 30.0 mg of Thiamine hydrochlorid®¥B,), and 10.0 mg of RiboflavilB,) were

taken into 200 mL volumetric flasks, completedte mark with mobile phase and sonicated 15 minnTh@ ml of

stock solutions of vitamins were transferred ton@lOvolumetric flask and the volume was made up waitbbile

phase and missed well, the solution was filtereduph a 0.45um Millipore filter. The final soluti@ontain as a
concentration: respectively 0.2, 0.05, 0.01, 0.868 0.015 mg/mLof vitamins VC, \ABVBe, VB, and VB,

Sample preparation

Twenty tablets were weighed and finely powderedighted exactly amount of powder 800.0 mg which ciong®
mg of VB,;, 10 mg of VB, 20 mg of VB, 100 mg of VB and 400 mg of VC, it was taken into 200 ml volurizet
flask and 50 ml mobile phase was added, the voltuenéiask were sonicated for 15 min to effect coetpl
dissolution of vitamins, the solution were then mangh to volume with mobile phase, 2.0 mL of thikison were
transferred to a 20 mL volumetric flask and commpleith mobile phase. The solution was filtered tigio 0.45 um
Millipore filter.

Standard solution of validation

The validation of the analytical method was studisihg two lines: one that contains only the défarstandards of
vitamins (VC, VB, VB¢, VB, and VB)) which were used for calibration; and the validatstandards were prepared
in the placebo (the reconstituted solution desdriigove).

The calibration standard solutions were replicairdhree different days, with four concentratiovels and three
repetitions. The chosen concentration levels feahadtamin were VC (0.16, 0.2, 0.24 and 0.28 mg/miB; (0.04,
0.05, 0.06 and 0.07 mg/mL), ¥B0.008, 0.01, 0.012 and 0.014 mg/mL), \/{.004, 0.005, 0.006 and 0.007
mg/mL) and VB (0.012, 0.015, 0.018 and 0.021 mg/mL).
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The concentration levels selected for the valigatstandards were the same as the levels of thbratdin
standards. Four replicated were prepared at eawtentration level for three days.

Computations
JMP software was used for the treatment of experimhedésign in screening factors and response surface
methodologyMatlab was used for tolerance interval calculation.

Development step

Plackett-Burman design

Before starting an optimization procedure, it isimportant to identify the crucial affecting the aljity of the
derived outcomes. In the present study the sigmifie of six independent factors on the qualityhef $eparation
was investigated using a tow-level Plackett-Burmasign.

Screening design can identify significant main eeather than interaction effe¢®9, 40] In this study six factors
were examined in tow levels: type of organic maxifiX,), type of column (X), concentration of ion-pair reagent
(X3), column temperature X pH of buffer () and flow rate of mobile phase {X The high and low levels of
factors were determined based on preliminary erpents (Table 1). The responses factors chosen werg: R
resolution between VC and BR, resolution between VBand VB, R; resolution between VBand VB, R,
resolution between VBand VB, and retention time of the last peak.

Table 1: Factors examined in screening phase by Rleett-Burman design

Independent factors Unit level (-1) level (+1)
Type of organic modifier - Acetonitrile  Methanol
Type of column - A B
Concentration of ion-pair mol/L 0.01 0.02
Column temperature °C 20 30
pH of buffer - 2 25
Flow rate of mobile phas¢  mL/mip 0.8 1.2

Box-Behnken design

Box-Behnken experimental design is one of the nfieziuently employed designs for nonlinear respoitsés
preferable to the face-centered central compositeZoehlert designs not only because it requireefeéest runs
but also because it is rotatable. Indeed, Box—Behmlesigns do not contain any points at the extseshéhe cubic
region created by the two-level factorial. All dfetdesign points are either on a sphere or atehtecof a sphere.
This design is advantageous when the points oroon@re corners of the cube represent factor-lesaibinations
that are prohibitively expensive or impossibledsttbecause of physical constraints on experimentil, 42]

Based on the factors selected previously from theesing stage, the levels of the significant patens and the
interaction effects between various factors (% @ué#ile, pH-value, Concentration pair-ion) whichfluence
significant the chromatography retention times #mal separation of vitamins were analyzed and opéthiusing
Box-Behnken design. In the present study, the éxyertal plan consisted of 15 trials and the indejean variables
were studied at three different levels, which @&ted in(Table 2).

Table 2: Factors examined in optimization phase bBox-Behnken design

levels
Independent factors ) 0 )
Proportion of Acetonitrile (%) 5 10 15

pH 2 3 4
Concentration of ion-pair reagent (M) 0.01 0.02 30{0

The statistical model using for this design ishaf following form:
Y=b,+b,X +b X, +b X, +b, XX, +bh X, X, +b XX, + b, KI+b, ,K2+bXZ+e Eql

Where Y is the selected response; which calculayethe model, X, X, and X are coded variables, corresponding
to proportion of acetonitrile, pH of buffer soluti@nd concentration of ion-pair reagent respegtivel b, and b
are linear effects, b b3 and bithe interaction effects andbb,, and hsare quadratic effects of;XX, and X% on
the responseis an error term.

The selected responses were: Rf)(Mtention time of the last peak; RY,) resolution between VC and ¥BR,

(Y3) resolution between VBand VB, Rz (Y ) resolution between VBand VB and R (Ys) resolution between VB
and VB,.
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Validation step

Validation based on accuracy profile approach

The new approach of validation based on total dres a number of very important advantages, itb@anonsider
as a simple decision tool, whose we don’t use nsafystics; however we can be aware precision aodracy at
each concentration level using this approach. & dther hand, it allows us to calculate the unadsteof the
method and the accuracy profile.

Selectivity

According with the goal defined in selection Methstegp, the chromatographic separation of five vitenwas
checked by selectivity. Indeed, the selectivityhef method is a very important step that can cloecthe one hand,
the existence or absence of any interference withrétention time of five vitamins, on the othenthathe absence
of the matrix effect.

Response function

The choice of the response function is the critiatap of the validation. This step is one of thesmmportant that
the reliability of validation results which are abiied will depend on the selected regression md8everal
regression models were fitted in order to analyeertlationship between concentration and analytésponse. In
this study more accurate profiles are built witmsadata but using different models of regressiom;tested eight
models namely the linear regression through OJitiear regression model, the weighte& b 1/X?linear model,
the quadratic regression model, the linear regrassiter square root transformation data, the tinegression after
log transformed data. From each regression curveire, the concentrations of the validation stadslavere
back-calculated, which allowed obtaining at eachceatration level relative mean bias, the uppertaadowerp-
expectation tolerance limits at 90 % level by cdasing the standard deviation for the intermedpxiision. Then
we can select the accurate profile which is moverable and easier that achieves the goal. Alsdatbn is based
on two essential concepts: precision and truejds85].

Estimation of precision

The precision of an analytical procedure is usuakpressed as the variance, standard deviatioweffident of
variation of a series of measuremedt3-55]. In the present study, no data is missed; thezdfwe repeatability and
intermediate precision can be evaluated at ead t#vwconcentration using one way analysis of varéa Indeed,
two main variances are estimated within-seriesavae (§) and between-series variancg)(S

If st < s

The repeatability and intermediate precision vapectively:

|
3.=35, and Sg; = N|Sfi, + S; Eq.2

lfnot Sz=0 andSy =35, =S5;
Wheres ;‘1 was the total variance of the set of measures.

Estimation of trueness
The trueness of an analytical procedure (or bias)each concentration level, is obtained by catmdathe

difference between the introduced concentrationam@,,, ) and the calculated concentrations mefi,(). The

bias can be expressed in absolute or relative terms recovery terms, compared to the introduceaintjties[43-
55] and was assessed from the validation standattie imatrix at four concentration levels, as follows

mEm o 100 Eq.3
[

Recovry (%) = ;—: X 100 Eq.4

Bias (%) =

Accuracy profile

The accuracy is the total error linked to the resiiich combines the systematic error and the ramdoors that
are related to the test result. The total erromfanalytical procedure evaluates its ability todoice accurate
results. Thus, the total error estimation of a pthe is fundamental to assess the validity of thoae
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Each method can be considered as accurate oveomigentration range investigated, as long as therugnd lower
B-expectance limits did not exceeded the EuropeamnPdcopoeia acceptance limits settled=at-10% for each

concentration level.

Using the parameters calculated previously; bia3, Gﬁ,,.?ﬁand R5Dg,the lower L, and the uppel/ B-
expectation tolerance interval limits are chlted as follow§43-54].

. . 1

L;= bias(%)— f.:,_,_.1+g_,.fz}1‘ll'l + ;TE}Z RSDg; Eq.5
. 1

U; = bi as(%) + t(v,i+ﬂf2}_~ﬁl|1 + ;TB}RSDF, Eq.6

Wheret, 4+ /2)is the quantile of the Studentlistribution withv degrees of freedom, whepeis the number of
series,n the number of replicates for the validation stadslaand!:'s‘}-2 =R; + lfnRJ, + 1, with R; = SE.;"SEV

was calculated al'jconcentration level.

Measurement uncertainty
To simplify the interpretation of the results perfed by this method and judge its capability tovide accurate

measurements, uncertainty is estimated for eacbetdration level. The Uncertainty values calculdigdEquation
7 are compared with the limits for acceptaf8% 38].

U.—L;
] 1 ]
’u(xmu) = 2t(0) Eq.7

Where,U}. and L}. were theB-expectation tolerance intervalsy)tfs the (1-)/2quantile of the student t distribution

with degrees of freedom am_qﬂ;fjwas the calculated concentration at jth level.
RESULTS AND DISCUSSION

Development of RP — HPLC Method
The statistical analysis of ANOVA is given (fable 3). An independent factor had effect on a given raspavhen

it had ap-value< 0.05

Table 3: Factor effects and associated p-values téts for Plackett-Burman design

Factors __Ir __Ry __R __Rs __Ry
Estimate| p-value| Estimate| p-value| Estimate| p-value| Estimate| p-value| Estimate| p-value
Intercept| 24.18 0.002 10.88 0.00 11.20 0.000 13.72 0.000 3 83 0.000
X1 -12.95 | 0.026 -1.10 0.04% -2.79 0.024 -3.718 0.026 .221| 0.111
X2 2.12 0.631 0.09 0.827 -0.19 0.829 -2.37 0.107 3.240.004
Xs 3.47 0.442 0.13 0.757 -0.11 0.902 -0.68 0.994 0.660.341
Xa 0.31 0.944 0.40 0.366 0.94 0.327 0.6 0.6408 -04D0.544
Xs -2.8 0.53 -0.04 0.908 -0.86 0.369 -1.6D 0.243 2.210.017
Xe 0.27 0.951 1.61 0.01 2.65 0.029 1.18 0.373 1.85 032.

Analytically, the type of organic modifieiX{) has the most significant influence on the setbctsponse except
response 5 (B. It is important to note that when acetonitrilaswsed as an organic modifier, we find betterlt®su
compared to methanol. The retention time of the pesk was minimized with acetonitrile rather thaathanol.
Acetonitrile was chosen as the proper organic nerdibr the optimization phase. The effect of tyecolumn is
positive (except Rand R) that is to say that column A is better than catunfor this analytical method. It also
appears clear that there is an effect of ion-pedagent concentration and buffer solution's pH. Haavethis effect
takes both negative and sometimes positives. Adegisd we must seek the optimal values of effecttiodse

factors.
After this first study, three factors were seledimdthe optimization study (proportion of acetoitét, concentration

of ion-pair reagent and pH). The optimization studsms carried out in order to identify the optimum
chromatographic conditions. The value of flow rates set constant at 1.2 mL/nmand column temperature was

constant at 30°C.
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For estimation of coefficient in the approximatipglynomial function(Eq.1) applying coded values of factor
levels, the least square regression method wasrpegtl. The resulted equatiofisqs.8-12) for all four responses
Y1, Yo, Y3, Y, andYs are presented below:

Y, = 8.58 — 11.59X, + 4.63%, — 6.52X,X, + 7.36X? Eq.8
Y, = 7.39 — 2.56X, Eq.9
Y, = 548 — 3.18X, + 1.10X, — 167X, X, + 1.56X? Eq.10
Y, = 6.82 — 4.65X, Eq.11
Y, = 9.84 — 3.40X, + 3,18X, Eq.12

Statistical parameters obtained from ANOVA are giwe (Table 4) Taking a risk of 5%, non-significant terms
were eliminated from the model postulategriori.

From result illustrated in table 4, it was conclddeat proportion of acetonitrileX() were the most significant
factor affecting the five responses, whilst concaitn of ion-pair reagentg) mostly affected R R, and R.the pH
(X,) had any significant effect in the selected respsn Quadratic terms also created important efigéthad
significant effect on the investigated retentiandiR and resolution R Factor interactiotX,X; had also significant
effect on the measured responses (retention tiraadRresolution §.

Table 4: Factor effects and associated p-values rdts for Box-Behnken design

Factors __Rt __Ry R __R __Ry
Estimate| p-value| Estimate| p-value| Estimate| p-value| Estimate| p-value| Estimate| p-value
ACN -11.59 | 0.000 -2.56 0.00( -3.1§ 0.090 -4.65 0.005 .40-3| 0.024
pH 1.21 0.403 0.27 0.354 -0.01 0.987 -0.45 0.57 231. 0.296
C.PI 4.63 0.017| 0.55 0.091| 1.10 0.025| -0.17 0.866| 3.18 0.030
ACN*pH -1.81 0.378 -0.32 0.427 -0.17 0.737 -0.12 935, | -0.32 0.840

ACN*C.PI | -6.52 0.018| -0.60 0.170| -1.67 0.019| -1.68 0.272 2.16 0.208
pH*C.PI 0.04 0.984 0.35 0.391 0.50 0.3%5 0.12 0.931-0.09 0.953
ACN*ACN 7.36 0.013| 0.85 0.080| 1.56 0.028| -0.41 0.783 1.55 0.364

pH*pH -0.22 0.913 -0.13 0.747 -0.34 0.540 24P 0.13 -3.63 0.067
C.PI*C.PI -1.62 0.445 -0.67 0.148 -0.5¢ 0.325 -1.180.443 -0.47 0.777
R? (%) 95.94 95.7 95.95 85.45 85.61

The variation of the response was correctly relatethe variation of the factors. Three dimensigpiaks for the

measured responses were performed, based on thel padgnomial functions to assess the change ofébponse
surface. In(Fig.1), response surface (3D) showing the effect of prtigno of acetonitrile X;) and concentration of
ion-pair reagents) on responsey;, Y,, Y, Y; andYsrespectively are presented. The pH-valg (vas maintained
constant at 3.6 for the five presentation of respothe choice of pH was not arbitrary, we triedd¢ba pH between
3.0 and 4.0 to avoid the destruction of the column.

Before continuing, it was important to identify serimportant criteria of optimization, indeed in tfiest hand
minimum retention time of the last peak and inatiger hand maximum resolution between the peakgrafhical
method were used for global optimization which laased on contour overlay pldisig.2). These plots depict the
alteration of all selected responses against tveepandent factors, whilst keeping the rest at eonskevel
(pH=3.6). The optimum experimental conditions wedefined by white area ifFig.2). In this area the examined
substances were separated in less than 10 minggthie maximum possible resolution for the critigalir of
separation (R Ry, Rz and R). The optimum conditions identified with the aiflaverlay contour plots were in the
following area: proportion of acetonitrile from 11%68% and concentration of ion-pair from 0.01 102M.
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Figure 1: Responses surfaces related to proportioof acetonitrile (%) and concentration of ion-pair (M) : (A) retention time of the last
peak (Rt), (B) resolution between ascorbic acid anNicotinamide (R1), (C) resolution between Nicotinaide and pyridoxine
hydrochloride (R2), (D) resolution between pyridoxine hydrochloride and riboflavin (R3) and (E) resolition between riboflavin and
thiamine hydrochloride (R4). pH was kept constant fat (3,6)

15

14

13

12

11

10

% ACN

0.01 0,015 0,02 0,025 0,03

Conc-IP

Figure 2: Overlay contour plot of the investigatedesponse for % acetonitrile proportion and column emperature. pH was kept constant
(3.6)

Eventually the optimal conditions for the ident#tion of the five vitamins and VC; using hexanebolmc acid

sodium salt as the ion pairing reagent were ingattd and established. The best results for simadias

determination of VB, VB,, VB3, VBg and VC usingBox-Behnken designwere obtained with following mobile
phase: Acetonitrile and 0.015M hexanesulfonic amdium salt (10:90 V/V) with 3.6 of pH. The chrowgitam

obtained from the above conditions is shownrFiig 3).

2617



H. Bouchafraet al J. Chem. Pharm. Res., 2014, 6(6):2610-2623

2,00
1,50
o
1,60 =
d
1,40
B
1,20
o
q &
1,00 A —_
= .
=
0,50 =
= o
= Loy =
= -+
0,504 = = - =
2 o 554
= ' g —
0,40+ = = &
= i =
= s g
- = = =
0,00 - A e s
T T T T T T T T T
1,00 2,00 3,00 4,00 5,00 §,00 7,00 2,00 9,00 10,00
Minutes

Figure 3: Chromatogram of the optimum conditions fa the separation of five vitamins: Ascorbic Acid, Ncotinamide, Pyridoxine
hydrochloride, Riboflavin and thiamine hydrochlorid e

Under the described experimental conditions, tleesof retention times were: 0.92 min for VC, 1184 VB;,
2.65 for VB;, 4.41 for VB and 7.8 for VB.

The resolution factors Ry between the chromatographic peaks were calculattdm the

equatiolR; = 2(t, — t, )/ (wy; + w,) where §, t; are the retention times of the two components apdware

the peaks widths at the base of the two respeptegs: 7.3 for VBVC, 4.9 for VB/VBs;, 6.9 for VB/VBeg, 8.2 for
VB./VB.,.

Validation based on accuracy profile approach

Before starting the test method validation, wedtrie assess the conformity of the system of the ¥ikamins by

HPLC chromatographic method. System suitabilityesified by six injections in determining the actadplity
criteria(Table 5).

Table 5: System suitability

Compounds | Retention time RSD (%)| Aire RSD (%)| Résakion
Ascorbicacid 0.78 08 | @ e
Nicotinamid 0.23 0.8 7.3
Pyridoxine 0.52 0.7 4.9
Riboflavin 0.15 0.5 6.9
Thiamine 0.96 0.6 8.4
= o Standard vitamins
2.0 = Z 5
i & & =
=, oo E % % z
; £ £ 5
o.o; 4— . -
4 Placebho Solution
2.EI:I—_
2, m
o.o0
4 Mobile Phase
2.EI:I—_
?‘: 1,00
o.o0
1.i:l:l 2.i:l:l 3.i:l:l l.i:l] S.EI] S.EI] T.i:l:l =.00 Q.hl:l 10,00
LLIT R 3

Figure 4: Typical chromatograms obtained from stanard vitamins, placebo solution and mobile phase
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Selectivity

It was first thought necessary to verify the absesicany interference at the retention time offthe vitamins. For
this, the selectivity of the method is verified tgmparing typical chromatograms obtained by analtya part of
solutions: placebo solution, mobile phase and stahditamins. The result inF{g.4) show that there is no
interference with the five vitamins peaks.

Function response

Eight response functions are examined, among wiiehmay notice that some provide better results tithers
such as the linear response function, linear fonstthrough zero and the model with mathematieaisfiormation.
We noticed that the zero crossing and the maximomeentration level model provided the most effitiersults for
all vitamins except VB

Finally, it appears that the best adapted profilehis one consisting in calibrating only at the maxin
concentration level for vitamins VC, (BVB, and VB and the Straight line model for B

Precision

The repeatability (% RSD) and intermediate precisf® RSD) performed by one way balanced ANOVA are
shown in Table 6). For VC the %RSD values for repeatability and imediate precision did not exceed 1.32% and
1.38% respectively. For VBthe %RSD values for repeatability and intermedgatision did not exceed 1.74%.
For VB,, VB; and VB the %RSD values for repeatability and intermedmezision did not exceed 1.0%.

Trueness
The result of trueness expressed in %bias and %veeg as can be seen imaple 6) were assessed from the
validation standards in the matrix at four concatidin levels.

The trueness of the proposed method was demornstrhthe five vitamins since the relative bias dat exceed the
value of 3.5%. These values are less than * 5%slifor active substances and in particular to £0%vitamins
in pharmaceutical formulations, which indicatedeayow bias and the absence of matrix effect.

Table 6: Validation results for five vitamins usingdifferent models

Vitami Concentration e ;’_rgenesRs Precisiclmt — - AccuracyU
itamins elative biais ecover o ntermediate ower er
level (mg/ml) (%) (%) Y Repeatability (%) precision (%) tolerance (%) toleraFr)wr«):e (%)
0.1601 0.38 100.3815 1.32 1.38 -3.14 2.38
Ascorbic acid 0.2001 -0.583 99.4169 0.06 0.14 -0.97 -0.19
0.2401 0.119 100.1188 0.04 0.14 -0.32 0.56
0.2802 -0.157 99.8434 0.15 0.15 -0.44 0.13
0.01203 -0.36 99.64 0.54 0.74 -1.78 1.05
Thiamine 0.01503 0.71 100.71 0.38 0.45 -0.11 152
0.01805 3.07 103.07 0.27 0.41 2.28 3.87
0.02103 0.10 103.07 0.46 0.85 -1.64 1.85
0.00400 0.38 100.38 1.74 1.74 -3.17 3.93
Riboflavin 0.00505 0.18 100.18 1.28 1.28 -2.54 2.73
0.00600 3.24 103.41 1.02 1.04 -0.04 6.53
0.00702 -0.32 99.68 0.77 0.81 -1.91 1.18
0.04020 -2.36 97.64 0.72 0.82 -3.98 -0.74
Nicotinamid 0.05008 2.89 102.89 0.25 0.27 2.36 3.42
0.06015 1.65 101.65 0.09 0.66 -0.54 3.83
0.07005 -0.57 99.43 0.19 0.93 -3.55 243
0.0080 -0.14 99.86 1.00 1.00 -2.11 1.78
Pyridoxine 0.0101 0.80 100.80 0.76 0.76 -0.77 2.37
0.0120 1.85 101.85 0.94 0.94 0.10 3.64
0.0140 0.58 100.58 0.44 0.58 -0.69 1.83

Accuracy and Accuracy Profile
The IowerL} and the uppebl} tolerance interval limits for each concentratiemdl were calculated usinggs. 5

and 6) respectively. The results calculated expresséd and presented iTéble 6) shows that the two-sided 90%
tolerance limits for all vitamins except ¥Bell within the acceptance limits for assay +5%ewaéry concentration
level studied. The accuracy profiles of each comgane presented ifrig.5). As well as the acceptance limits for
vitamins in pharmaceutical formulations preparedewset at +10%, the accuracy profiles indicate ©@fo-
expectation tolerance intervals are within the ténaif 5% except VBBY examining the accuracy profile of YBwve
observe a distance between the t@sexpectation tolerance intervals which explainslighs increase in the
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dispersion measurement, especially at third conatom level. Note that these tolerance intervalsdiways within
the acceptance limits of 10%.

Therefore, the proposed method was accurate oeecdhcentration range investigated, which demotesita
ability and performance to quantify both the fivgamins.
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Figure 5: Accuracy Profile of Vitamins: (A) of Ascabic Acid, (B) of of Nicotinamide, (C) of Pyridoxine hydrochloride, (D) of Riboflavine
with A= 5%, (E) of Riboflavine with A=+10%, (F) of Thiamine hydrochloride
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Measurement Uncertainty

Accuracy profile is a decision-making graphicalltaaming to help the analyst in deciding whetheraamalytical
procedure is valid. In this study, uncertainty waso estimated at each concentration level of thidation
standards usindg=Q. 7) with a confidence level of 95%.

In (Table 7)is presented the values of uncertainty expressétl. iFor VB, VB3 and VB % uncertainty values did
not exceed 2.5%. For VC% uncertainty values didexaeed 3.1%. For VB% uncertainty values did not exceed4
%. These results show again the capability ancdopmence of our proposed method to quantify acclyrated with
minimal error of five vitamins in drugs formulation

Table 7: Results of Measurement Uncertainty

Compounds Concentration Lower Ti | Upper Tl Uncertainty uii%?tn;:r?t( Relative gxpandej
level(ng/mL) (ng/ mL) (ng/ mL) uncertainty (%)

0.1601 0.1563 0.1651 0.00243 0.00486 3.03

Ascorbic acid 0.2001 0.1982 0.1998 0.00032 0.00063 0.32
0.2401 0.2393 0.2415 0.0003¢4 0.00078 0.32

0.2802 0.2789 0.2805 0.00044 0.00090 0.32

0.0120 0.0118 0.0122 0.0001( 0.00020 1.63

Thiamine 0.0150 0.0150| 0.0153 0.00007 0.00014 0.95
0.0180 0.0184| 0.0188 0.0000¢4 0.00016 0.87

0.0210 0.0206 0.0215 0.0002( 0.00040 1.90

0.00400 0.0039 0.0047 0.00008 0.00016 3.93

Riboflavin 0.00505 0.0049 0.0057 0.0000] 0.00015 2.92
0.00600 0.0061 0.0063 0.0000 0.00015 2.52

0.00702 0.0069 0.0071 0.0000¢ 0.0001.2 171

0.04020 0.0386 0.0399 0.0003f 0.000f2 1.79

Nicotinamid 0.05008 0.0513 0.0514 0.00014 0.00028 0.56
0.06015 0.0598 0.0625 0.0004¢ 0.00090 1.50

0.07005 0.0675 0.071§ 0.00074 0.00150 2.15

0.008008 0.00784 0.00815  0.00009 0.00017 2.16

Pyridoxine 0.010050 0.00997 0.01029  0.00009 0.00017 1.73
0.012043 0.01205 0.01248  0.0001R 0.00023 1.93

0.013979 0.01384 0.01424  0.00009 0.00018 1.27

Application in routine step oh HPLC method

After optimized and validated our HPLC Method, éems necessary to apply the method in routine pfaase
quality control the finished product. The produohtaining the five vitamins was analyzed three sredifferent
lots for one month. The recovery calculated exm@#$s% given with % RSD are summarized in thakle 8). A
reading of these values, we note that our proposettiod still keeps these performances and it caappéed in
routine phase for quality control.

Table 8: Results of the determination of five vitarms in tablets formulation

Vitamins Amount in tablet (mg/unite)Found (mg/unite) Recovery (%) RSD (%)
Ascorbic-Acid 200 208.47 104.23 0.82
Nicotinamide 50 53..6 107.19 0.38
Pyridoxine hydrochloride 10 10.11 101.07 1.83
Thiamine hydrochloride 15 15.6 103.98 0.61
Riboflavine 5 5.29 105.85 0.47

Method comparison

In order to compare our developed method with othethods in the literature, we begin with the Iwdoonethod
[8] which has a long analysis time, it can come u@2#omin in acquisition time, and it is also noticédt the
validation method used is not clearly indicate@, aluthors speak just of the calibration curve. Réigg the recent
work of Jin[26], we have found that the acquisition time is abdutn@n and the development and validation is
performed in a conventional manner.

However, our method is developed using the expeariahelesign, and we succeeded to separate theatiffeater-

soluble vitamins with a short acquisition timendt exceeding 9 min. In addition, we have validatesl method
with the new strategy of validatigh0-52] based on the assessment of the total error atoescientration level.
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CONCLUSION

A HPLC method for separate and quantify simultasgowf five vitamins was developed and validatedhe T
method development was focused on the use of ewpatal design methodology. Screening design factors
(Plackett-Burman) and response surface methodo(8px-Behnken) were applied to optimize the operatin
conditions of the liquid chromatography techniqéevalidation strategy based on accuracy profiles ween
successfully applied to demonstrate the abilityoof procedure to quantify ascorbic acid (vitamin Thiamine
hydrochloride (vitamin B, Riboflavin (vitamin B), Nicotinamide (vitamin B) and Pyridoxine hydrochloride {B

in tablet multivitamin over a broad concentratiamge. Different validation criteria were evaluadapplying an
appropriate regression model. The method showedtdeiperformance in terms of selectivity, truengsecision,
accuracy and linearity.

Furthermore, using data of validation we have ssgftdly estimated the measurement uncertainty ah ea
concentration level for each vitamin. Values thatrebt exceed a limit of 5% indicate that our metlwefficient
and could assure a 95% chance of good resultstimefuneasures. This finding was confirmed by thaults
obtained in routine control phase of finished prdwcontaining the five vitamins during one month.
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