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ABSTRACT

The influence of the main chromatographic paranmsetar the conduct of the HPLC-UV assays was elabdrah
the elution of four vitamers (retinol, retinyl aa#t, tocopherol and tocopheryl acetate). Considgriooth type A
and type B methods to estimate their measurememgriainty magnitudes, taking into account the djeations
information and the repeated available data. Insthbntext, the retention time variability was usedcover the
effect of the most factors. Likewise, the areas dat all peaks of interest were randomly generabadcurrent
chromatograms by the software, to examine the leseffect on the peaks integration. As a reshé#,fgeak area's
variability, which reaches up to 5%, indicates tiia¢ uncertainty contribution, in area measuremsnhainly due
to the baseline effect, which make difficult theakse integration, especially for low amount compaund
Nevertheless, the low variability between runsim tetention time reflects much more the stahbiftthe HPLC-UV
system and attests that the influences of the ativamatographic parameters remain insignificant.
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INTRODUCTION

Sources of uncertainty arising from the chromatpli@parameters are difficult to prospect and tplement their
evaluation according to the bottom up approackcesihere is no model that clearly links all theaetdrs (input
guantities) with the measurand (instrument resporedeed, it is strongly incited to use this agmio due to its
consistency with the GUM principles "guide for tealuation and expression of uncertainty in measarg” [1],
where the identification of the potential sourcesuacertainty is a priority. Nevertheless, the méattors
influencing the conduct of the HPLC-UV assays hdeen already enumerated. However, assessing their
contributions requires much caution when using ittetrument response variability. Other regulaterahtive
approaches "Top down", based on the ISO 21748af2],used also to evaluate as a global way the maasut
uncertainty, but without knowing what factors affewre over the conduct of the analytical procssll cases, it
is often suggested to use the change of the instiinesponse (peak area) to estimate the measurenmartainty
[3], [4], that is comprehensible for empirical apaches, since it satisfies an overall estimatehefuncertainty.
However, it remains to be careful to take this atwon as well, to characterize only the influende tloe
chromatographic parameters. Moreover, the mostiestugroposals suggest of injecting a same solusieveral
times [5], nonetheless, without ensuring that thmignt environment will not affects these repeaggeriments.
Whereas, the response variability, when used toesemt only the chromatographic parameter influgnoaist be
independent of all the previous steps. Otherwlseretis a higher risk to overestimate their assediaontributions.
Indeed, the main chromatographic parameters afifgtiie instrument response precision (peak awg&@)gHPLC-
UV assays are the detection (Det), the flow-raje rftobile phase composition (mb), column temperature (temp),
baseline drift (Bl_dft), baseline noise (Bl_ns) antkgration [6], the figure la illustrates theateld sources of
uncertainty to these parameters.
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In this context, the valuation of the identifiedtiar effects on the conduct of the HPLC-UV assags elaborated
on the elution of four vitamers (retinol, retinydedate, tocopherol and tocopheryl acetate). Usoth bype A and
type B estimations, as reliable and equal methodsvaluate the measurement uncertainty [1], takitgaccount
the specifications information and the availablpeted data. When using the manufacturer informatiche
detection and the flow-rate contributions can baleated according a type B method. Furthermore retention
time (tg) repeatability was accounted to complete the unicgytaontributions for many factors, assuming thgre
a type A estimation. In fact, retention time is @alitative quantity that is well independent frohe tprevious
handling steps, its precision in our point of visyvan important tool to estimate the chromatograyga@rameter
influences during instrumental runs. Since, it dejsefrom mobile phase flow-rate, mobile phase casitiom,
system integration and column temperature changesgithe chromatographic trials [6].
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Fig. 1. Identified sour ces of uncertainty during the chromatographic assays: a) the main influent factors, b) The same identified effects
rearranged accor ding the uncertainty estimation type

In addition, post-run analysis mode of the softweses performed to generate independent data frastirex

chromatograms, to use as a correct way the vatiabil the peak area, for the baseline effect checkhe peak
integration and to evaluate the uncertainty contiitm of this factor. The baseline noise often nsaéiificult the

identification of the beginning and end of the pealkespite being in its proper form, as it is ndlynancountered
for peaks of low content analytes. However, theclias drift will have negligible effect, if the egpments will

carried out during a short time interval. [4]. Afithese influences were rearranged accordingstimation type as
illustrated by the Ishikawa diagram of the figuie 1

MATERIALSAND METHODS
Reagent
Retinol, retinyl acetate, tocopherol, tocopher@tate and BHT (2,4-di-tert.-butyl hydroxyl toluervegre purchased

from Sigma-Aldrich (St Louis, USA). Absolute eth&ndVethanol, Acitonitrile and ethyl acetate were
CHROMASOLYV, HPLC grade solvents from Sigma-Aldrit Louis, USA).
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HPLC system

A Shimadzu HPLC LC-10Avp series system (Shimadaaf constituted of a SCL-10AVP controller, a LC-
10ADvp micro-volume double plunger pump, aDGU-14exlime degasser, a SPD-10AvpUV variable wavelength
detector and a FCV-10ALvp low pressure gradient, uni homogenise the mobile phase a SUS mixer \sad.u
The chromatographic system was controlled by agpatscomputer using the LCsolution software (Shimado
acquire all kinds of data. The injection device sieted of a Rheodygne 7725i manual injector, eqdppwith a

20ulL loop.

Chromatographic conditions

The mobile phase was a constant composition (7@7/8Dof Methanol/Acitonitrile, the elution was abtished at 2
ml/min flow-rate. The separation was achieved abhrdemperature using an analytical column ZorbaxC3B (4.6
X 250mm, 5-um) from (Agilent) that is protected dyguard column Zorbax SB-C18 (4.6 x 12.5 mm, 5-from

(Agilent). Detection was monitored in dual moddha maximum wavelength 325nm and 292nm respectivety
vitamin A and vitamin E compounds.

Standards and sample preparation

The Standards weresynthetic pure substances (8ve6 Purity) of vitamin A and vitamin E, they werexead to
prepare three equidistant levels of working sohsjaat the concentration range (65 pmol %) for retinol and
(4.5-22.5 umol Y for tocopherol, by diluting an adequate take vétisolvents mixture of ethanol/ethyl acetate
(1:1, viv). [7]. containing BHT as an antioxidamidaa constant amount of retinyl and tocopherylresas internal
standards for retinol and tocopherol, respectidyever, the sample was a human transfusion plasteined
from the paediatrics service of the CHUTlemcen,ehig. Plasma (50uL) was treated by the same solvetitire

to precipitate the proteins and was spiked withsénme amount of the internal standards. The natiseners were
separated mechanically by vigorous shaking andstedacentrifugation; to obtain a clear supernaligoid for
direct injection in the HPLC system.

Experimental

The experiments were performed as is done for systétability test [8], using theplasma aqueoustiihsand the
organic standards solution, as typical mixturesttiss bioanalytical assays. Duplicate standardt®wis at the three
concentration levels and six plasma replicationsevigjected for one series HPLC-UV analysis, as required for
repeatability assessmentsby the referential pharpuagas [911]. The collected data were then handledto examine
the chromatographic parameters effects and to ateatheir related uncertainty contributions.

RESULTSAND DISCUSSION

Figure 2 shows typical chromatograms obtained fitfPL.C-UV assays of the standards and the samplegeAsan
see, all the analytes of interest (retinol, retiagétate, tocopherol and tocopheryl acetate) weteigentified and
no interference was observed from the BHT. Howetleg, resolution of the peaks leads easily to impgleta
suitable evaluation.

Uncertainty evaluation
The identified uncertainty components of the chrmgeaphic step were estimated individually, by nzeaftype A
and type B methods.

Flow-rate
Specifications on the instrument indicate a flove narecision and accuracy within £0.3 % and + 2régpectively,
therefore type B evaluation was used for this patamassuming a triangular distribution, there:

0.003 s .
G(T)precision = f = 1.225x 107° mL - min

0.02 s —
6(F)accuracy = ﬁ =8.165 X 107° mL - min

The standard uncertainty relating the mobile plilaserate was then:
u(F) = /(1.225 x 103)2 + (8.165 x 1073)2 = 8.2564 X 10~3ml - min~!

The relative standard uncertainty for all compoubpesomes then:
u(F) 8.2564 x 1073

=4.1282 x 1073
F 2
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Fig. 1. HPLC-UV response obtained in dual mode; 325 nm (left) and 292 nm (right) after injecting: a standard solution (top
chromatograms) and a treated plasma sample (Bottom chromatograms).l dentified peaks: BHT (tr = 1.9 min), Retinol (tgr = 2.4 min),
Retinyl acetate (tr = 3.0 min), tocopherol (tr = 7.5 min), tocopheryl acetate (tgr = 9.5 min).

Detection

The detection errors in the HPLC techniques coupligdl UV-visible detectors can arise from waveldngtcuracy
[12] and gases dissolved in the mobile phase [IBgre are no information about the dissolved gdsewever,
their presence in the mobile phase increase tthgeime of the random noise and the drift, accotgijrtbis effect
was accounted in baseline contribution. Howeveg thanufacturer specifications guarantee a waveiengt
functioning with + 1 and + 0.1 nm,respectively faccuracy and precision. We consider a type B etialuand
assuming for this information a triangular disttibu, then:

0.1
O-O“)precision = ﬁ = 0,0408 nm

1
UO‘)accuracy =—0,4082 nm

V6
The standard uncertainty for the detection wasether
u(Det) = u(h) = /(0,0408)2 + (0,4082)% = 0.41024 nm

The relative standard uncertainty of this paramieéeomes for each compound as follows:

u(h) 041024 12623 x 103
7325
Retinol

u(h) 041024 12623 x 10-3
7325 T 7
Retinyl

u(h) 0.41024 ~

—_ =———=1.4049x 1073
292

Tocopherol

u() 0.41029
—_ =————=1.4049x 1073
292
Tocopheryl

Retention time variability
The table 1 express the statistical evaluatiorhefretention time contribution for each compourging the data

obtained from chromatographic assays. Hence, a &ypeethod was applied and the standard uncertairaty
accounted by means of a standard deviation.
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Table 1: Evaluation of theretention time contribution from run to run variability for the standards and the samples during HPL C-UV

assays
A Vitamers E Vitamers
Retinol | Retinyl | Tocophero| Tocopheryl
2.4137 | 2.9613 7.5235 9.5503
2.4123 | 2.9568 7.4836 9.497
2.4123 | 2.9567 7.4534 9.4637
Standard| 54063 | 29484 | 7.4157 9.3689
2.4143 | 2.9589 7.4522 9.4652
2.4136 | 2.9569 7.4481 9.4515
Mean g(min) | 2.4121 | 2.9565 7.4628 9.4661
SD x10%(min) 2.9 4.3 36.7 59.5

RSD (%) | 0.12209| 0.14686| 0.49236 0.62863

2.4305 | 2.9757 7.4929 9.4811
24282 | 2.9737 7.4649 9.4806
Sample| 2.4295 | 2.9743 7.4841 9.4869
24312 | 2.9754 7.4795 9.4777
24294 | 2.9728 7.4751 9.4628

2.4323 | 2.9760 | 7.4543 9.4676
Mean k(min) | 2.4302 | 2.9746 | 7.4751 9.4761
SDx10%min) | 1.5 1.3 13.8 9.1

RSD (%) | 0.0603 | 0.0424 | 0.1847 0.0960
S. | 0.0023 | 0.0032 | 0.0278 0.0426
5% | 1.811 | 1.813 1.240 1.002
u(d)% | 0301 | 0.437 3.717 5.962
(u(?;m)% 0.754 | 0.622 0.460 0.529

B t

Baseline drift effect

Baseline drift causes precision errors when itds constant over a series of analyses, and inaciesrén peak
measurement even when it is repeatable. [14].Figsieows a negative drift in sample chromatogrdrasis dueto
the rapid elution of the polar compounds of thespla aqueous medium. However, the lack of this drifthe

standards chromatograms proves that it is not fianelectronic origin,but rather explains a diffearbahaviour of
the analytical column, towards the two injecteddifu This is a persistent systematic error, whéacting directly a
treated biological fluid, its significance was cteshby comparing the absolute bias on the retetitio@ 6.z), with

the standard uncertainty of this bwa@.z) [15], if the deviation is significant then:

dr = |tr_spl — tgr_std| > 2u(Sr) €Y}
With:

u(dr) = (2)

Where:
tr_spl ,tr_std : The means retention time, respectively for themasniand the standards,
Sspi: The standard deviation of the retention time tssfor sample injections,

ng,: Number of the sample replications,

Utp std) = j;t_d . is the uncertainty on the mean of the retentiime for standards, assumed as the reference value,
B std
The number 2 is the coverage factor at 95% condidéevel.

The estimation of the uncertainty contribution doehis effect was carried out, by calculating ffumled standard
deviation (Sc) of the equation 3 [16], from the donation of the standard deviations of the retantime results
and accounting the bias value in the uncertaindgkt[15], using the equation 2:

5, = (Ngeq — 1)SZ4 + (ngp1 — 1)Sszpl 3)
Ngg + Ngp) — 2

wBLAfY) _ ( ! )2 S+ Sop + (tg_spl — tg_std)? + u?(tg_std 4

BLdft  |\Gespl/ \7° Ty, ROPTRS u*(tpstd) )

Where:
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ngq . i the number of measured values for the stalsdatention time.

As we can see, the statistical results of the tdblghows that this deviation is negligible for théamin E
compounds, since their peak emerge on a horizdimeal at 292 nm, against it is significant for vitamA
compounds, where their peaks are the most expogédstinclination.

Baseline noise effect

The baseline noise effect, which can reflect thereuision of the peaks integration [14] was evadaising type A
method, by leading the software to detect randaiméy start and the end of the peaks in the stanaiaddin the

sample chromatograms. This was done through posgnalysis mode, by making simply for the sameirggtt
parameters, an automatic execution of the dataepsig integration of the peaks, while the automnatvas

initialized different times according each standejdction. The table 2 reports the statisticaluation of the data
deduced from twelve executions. However, it willfagiced that in all cases the peaks should bealimad for an

eventual manual intervention, to eliminate inexatggration due to this automation.

Table 2:Area variability from data generated randomly by the software

A Vitamers E Vitamers
Retinol Retinyl Tocopherol Tocopheryl

6530 18152 15315 15771
6357 17751 14708 15771
6610 17989 15607 14463
Standard 6357 17751 14708 15771
6348 17626 15666 15429
6353 17795 15358 15339
Mean Area 6426 17844 15227 15424

Ssta 115 191 424 508
RSD% 1.783 1.072 2.787 3.296
12079 18508 3406 16315
11553 17444 3564 17474
Sample 12505 18396 3304 16551
11553 17444 3564 17163
12401 17444 3176 17174
12413 17989 3528 16361
Mean Area| 12084 17871 3424 16840

Sepl 436 498 159 491
RSD% 3.607 2.789 4.641 2.917

Effectively, the software in many cases can leadmproper integration, especially for peaks of loantent
analytes. The figure 3 shows the uncertainty cbution during the HPLC-UV runs and compares the mitades
of its components in terms of relative standardeutainty (RSU). As we can see the area variabiliyich reaches
up to 5%, indicates that the contribution to uriety in area measurement is mainly due to thelineseffect. This
influence increases in the case of the samples,stimvs the drawback of their complex medium whgacited

directly and where the polar components involveisable slope in the sample chromatogram of the régu,

compared to the standards medium, which consispaie organic solvents. Indeed, changes in thelibasmake
difficult the identification of the beginning antdet end of the peaks, which affect the area measnerspecially
for analytes of low contents.

While an excessive fluctuations of the baselind,agirtainly lead to the loss of the peak aredsatvidest part [14].
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Fig.3. comparison of contributionsfor theidentified uncertainty components

This will be more important for the closing elutegimpounds of vitamin E, which peaks are broadéheit bases,
due to the isocratic elution mode. However, theeutainty contribution of the drift remains rathenal compared

to the magnitude of the other chromatographic factget, the low variability of the retention tinneflects much
more the stability of the system during the HPLC-UMnhs and attests that the influence of the main
chromatographic parameters remains insignificant.

CONCLUSION

The influence of the chromatographic parameterh as¢ mobile phase-flow rate, detection as wethase covered
by the variability of retention time, remains insificant on the conduct of the HPLC-UV assays, aitkeir

variability does not exceed 0.8 %. While the baseleffect on the peak area measurement was wedhlexy,

without the need for extra onerous experiments,th®/ implementation of the post-run integration gsthe

software, which follows only, the random pace @& taseline fluctuations, to identify the beginnangl the end of
the peak.
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