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Ahsitac

The differens physical charusteristics and sremmenis of the =olid samples are respensible for the speciral variability tha
Lakes place in near mfitared (MIR) measures, These changes, not relared o glse analyte concemration, may vield in comgpbes
url mal very rohust calibrobion maodsls, Mathematicnl frestments are nsually applied for te corection of this vasinbiling
bing the mesl common derivation. standard normal variate (BN and muliplicative scatter correcabon (WSCL Omhogonal
slgna) comeckon (0507 is a new mathematical mearmen designed 10 minimaze, im a set of spectrall dala, the varmbilaty nol
refaied with the concentration of 1be oralyie. In this work the application of this new mesment Do minimize the specoral
differences of two tvpes of samples: production sumples and Juboratory samgpbes. |5 evaluared. A merhod is developed for the
determinalion of the content of the active component in a pharmaceutical preparaion by mesns of PLS calibration. Resulis
chtained by DSC are compared with these abitined with the ongenal daia and with thowe corrected by devivation, $8% and
MEC QSO tresament leads to PLE calibrarion medels with good prediction ability and simpler than those obtained osing

reher prejreatments, & HWH Elsevier Sciencs BV, All rights reserved

Kireondy, Dol signal corneaion;: Mear infrane) specnssopy: Pharmasminical aealysis: Doa preieimment

I. Introduction

Fharmaceutical analysis is a Aeld in which the use of
mear infrared specieoscopy (MIES) has grown dramat-
ically over the past twe decades. The charactensiics of
the MIR spectrum make possible to analyze solid sam-
ples directly, minimizing or climinating its manipuln-
ticn, whech resules i amaller time and costof an:‘.'||_',-'-!.i:5.
Its speed and low cost of analysis transform NIR spec-
troscopy into o suiable techpique for quality control
ol pharmageutical products, Tn NIR speciroscopy, the
assignment of bands 1o a certain analyvie or functonal
group 15 really difffcult due to their own charncteris-
tics {wide and overlapped bands) so, it i3 necessary

* Comespondimg author, Tel! e85 58 1= 104T:
fans o 34035802179
Eanuu onhilacss: Iqullhql:l'!’.'\llllri.ll.é'l s I8 Hlungo.

the wse of muoltivariate calibration technigues to ex-
troct analviical information from MIR spectra. either
qualifative or quantitative.

MNIR gpectrim does iod oaly depend on the chemical
composition of the sample. Physical characieristics as
size. formm and distribution of particles and degree of
compreasion of the sample, affect in o gignificant way
the obrxined signal. This i useful in some cases, since
it allows the determination of physical parameters of
the saniple. Mavertheless, the phvsical differences can
derive in mulliplicative effects in the specirum, which
together with other additive effe cis, as baseline shift or
chemical absorptions, will complicate he colibration
models and will reduce the quality of the results when
COMTYINg o & quantitarive analysis.

These effects can be modeled introducing in the
calibration set all the possible voriability of the sam-
ples, o they can be reduced applving appropriate
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rgthemitical weaiments 117, The idroduction of all
porsihle sources of varability in the calibration set is
not always possible, and of i 15 possible. it involves 1o
wse & very high number of samples in the calibration
sef, obtaining complex madels with a low prediction
ability. 1 is very common the wse ol mathematical
ireatmenis 0 minimize the specirad vanaions due
1o physical changes. being s mosr vsed derivation,
slandard normal varime (SN oand muaitiphicanyve
seatier somrestion {MEC)

Dierivation s one of the moest used treatments in KR
since il allows the comection of specresl shifis [2.3],
MSC, developed by Geladi et al. [4], is a treiment
based on the separation of multiplicative and addiive
effects of the scatter in NIR measurements, manimuz-
ing in this way spectral variasions thar are ol doe 1o
the analyle comceniration. SKY, developed by Bames
et al. 3] 15 based on an owoscaling of each spectrum
separate]v. Esch specinim 15 mean centéad and then
divided by its standard deviation. Then the new spec-
tra are centered in 0 and its standard deviatons are 1,
The objective of this reatment is b obdain a common
scalbe for all the spectra. This way, particle size effects
are mingmized, [t hos been demonstrated cthat MSC
and SMW are linearly reloted, 2o they should provide
similar results {61

Different production hatches of a same pharmaceu-
tical preparation have very similer concentrations of
the acrive compound and exciplents, which are close 10
warfundl valwes, So it e renlly difficult to have a ser of
production sunples which covered the concentration
range needed 1o establizsh a calibration medel. To solve
thi= problem there are several procedures [§], but the
simplest ane 10 expand the concentration range con-
sigte o adding to the peoduction samples present in
the calibration set, Inboratory-made samples, prepared
by maxing the pure companents, This procedure has
seme advantages: it is bess laborious and Jess expensive
than oeher procedures and it i5 very simple o obliin
the required concentration for the calthration desizn.
Nevertheless, one of the muwn problems of this ap-
proach is thars fnborstory-made and produstion samples
may present different physical choractenistics, because
the preparation processes of both rvpes of samples
are quite different. This procedure has demonsirated
its effectiveness in several works carmed out in our
investigation group, with the purpose of determining
the comtent of active principle in some pharmaceutical

preparations [7.8). Hoavever, in some cases the spectral
differcnccs between bnboralory-made and production
samples are 50 high that the resulting models are very
comphex, diminishing this way the prediction ability,

In this woek, we study an arihogonal iiEmI COFTEC-
tion (D30 methad, developed in our research groap,
as an application for the pretresiment of spectral data,
which will be sobgected later to mulivariate cali.
bration. The design of this calibration ncludes o et
of semples prepared in the faborstory, with different
physical characieristics from (hose of the production
samiples. Thess physical differences are the main rea-
son of the speciral differences betwesn both sample
sets, By means of this Ireatment. we fry to minimize
or suppress these spectral differences. diminishing the
complexity of the calibeation model, The obaised re-
sults wsing OBC will be compared with those oained
using other pretreninents.

L0 Gethogona! signal correciion

Crrthogonal signal cormection is o speciral data reat-
ment technigue developed by Wold 2 al. [9], whose
goal g o correct the X data matrix remaoving the infor-
ration that is orthogonal to the concentration malrix
Y. This treaitment is opplied jodntly 1o all the spectra
in the calibration set. Lates. the correction on the X
matrx can be applied 10 an extemal prediction set 1o
evalunie the prediction ability of the calibration model
built with the reated data.

The alporithm used in this tvpe of cofrection is sim-
ilar 1o the MIPALS algorithm, commonly used in PCA
and PL3. and il is described in the original work of
Wold et al. In each step of the algorithm, the weight
vector (w) is madified, imposing the condition that
f = X w is orthozonal o the ¥ marx, and where 7 is
the corresponding score veclor In PLS the condition
that werghts would be coleulated to maximize the co-
vinance among X and ¥ = imposed, but in OSC just
the opposite is atlempied, 1o minince this covariance.
making I as close as possikle 10 the orthogonality with
¥, The result of this calculation are scorcs and losdingx
malnces that contain the information wot related 1o the
concentration, Ench intermad latent vanuble (score by
loading product) removes a port of the X matrix vari-
ance. As we removed more variinee, the number of
internal lavent varisbles o use in the O8C mode] will
b lugher. These mternal latent variables are simalar o



M e o ot Slsalmion Cimmice dces &0 [J000) (2 5=07 137

factoes in 2 PLS calibrstion, Onee the information no
vormelaled with the concentrion kas been madeled,
it is removed from the speciral data, subtracting from
the X matrix, the product of (he scores erthogenal o
the concentration {T1 and the looadings matrices { P7):
Xowe =X -3 TP
]

whera o js the number of rimes tha the reatment is
applied (DL factors). Onby one factor is commonly
used in OSC cormection. since a second treatment on
i corrected X dito con remaove nsetal sntommsanio,
reducing the predictive shility. Thas type of mahema-
acitl treatment has alrendy been applied with success
i MIE spectrol data in calibragion cransfer [10].

1. Experimental
2. Appananis

NIR spectra wers revonded on 3 near infrured spec-
trophotemeter NIRSystems 65300 (Foss MIRSystems,

Fagmsdonksvesr, The Metherlunds) equippad with 2
fiker-aptic probe mode] APEEL] AMOLP. The instr.
itienl i controfled by means of a comparible PC. using
Wision 1,27 (Foss NIRSvstems, Rasmedonk sveer, The
Metherlandsi for the acquasiteon of datn. For the hio-
muogeneily of the laborotory samples a Twrbula Miver
Type T2C (WAHB, Basel. Switzerdand) was used

e aeTErE

O5C and SN% on the spectra were carrsed ot
in MATLAB 53 iMahWorks, Natick, USAL The
O5C routine used was developed in our investigation
group. First detivative. MSC and PLS calibrations
were corried out with Umscrombler 7.5 (CAMO,
Tromdmeim, MNorway),

23 Samples

The pharmaceutical preparation used was Nimesu-
tene {Lnboratorios Menarini, Badalona, Spaing, coa-
taining o nominal SOmgfe of the acive eompound,
nimesulade, m zronules, and severnl excipients. In all,
b sarnples huve heen woed: 20 of them were prodec-
tion samples, all corresponding 1o different bachas,

Duher 21 samples were prepared in the laboratory,
coveTing a concemiration range of 23-73 mplz (£50%
of the nominal comtent) for the aclive compound, and
were oblained by mistere of the different powdened
components, prosperly homogenized 6 the ahoker
mixer. These samples have the texture of 2 quite fine
powder so their physical charscteristics clearly differ
from those of the production samples,

Buth 1ypes of sample were el oe record thires wpas-
ta over the wavelength range 1 100-2500 nm with a
fiber-optic peobe. Samples were turmed over between
ssredgivie record ings. The three spectro obtained for
each sample were averaged, and the average spectra
used for the calealations.

Samples were split in bwo sets, viz, a calibration
sel consisting of |6 laboraory samples, which cover
the concentruibon: range and 11 production samples,
covening the vanabiliny of pmduction process: and a
Prediclion sef Comprsing 3 Laborarery samples ond 18
production samplses,

24 Dhang proceising

The wavelength rangs 2200-2300nm, where the
analyle pre<entis = weak ohsnrpainm nnd the fiter-opric
profie provides o highes specral folde. was removed
in ol coses. Fiess derivative was applied using a
Savhieky-Golay Klter with p window size of thre=
paints and 0 osecond order polvoomial. Por MSC,
wavelength ranges from LI 10 15000m and fram
1750 10 ﬁl’l:H:lmn. where the active |.'|:|r.r|.p|.'||.1r||f mme-
syilide dogs N4 Preseny abserprion, Wers used 19 sor-
regt the sigmal. Partial least squares (PLSY was used for
calibeation im the wavelength range UO0-2200 mim.
[t were centened before use, dmd the models were
constructed by oross-validatbon. The guality of the
resules obinined usmg the different prewrearments was
compared calcslating the relative standard error of
prediction (REER. Ry [ 1],

3, Resulte anmd dizseadsion

D 10 the physical diffarences baiwasn proliiction
and laborifory samples, the scaiter effect is very pro-
notmneed ad twe Blocks of spectsn cleardy appear. Af-
per applyving the different mathematical reabrments, the
spectnel differences are sttenuated as 3t can be seen in
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Fig. 1. Productics, samples (- ) ond Inboemery samples |—) spectrss Lak orginal specery; 6} Gt derivalive spectra; o) MSC spectra; (d)

ENV spactra.

the scores plot of the fwo first components of 2 princi-
pal componsnt analysiz (PCAL PLE models were buails
after correcting the spectra with the different preireat-
menis; the same calibratron and validution sets have
been used, as well as the same wavelength range, The
standard error of prediction for calibyation and valila-
tion sets and the complexity of the calibration model,
number of PLS components, were compared, The ob-
rained resulis for the different treatments are Jdiscussed
el

A1, Original spectra

Original spectra are shown in Fig, 1a. The differ-
ence in scamer produeces a large displacement belween
the specira of both tvpes of samgples, This 15 also ob-
served in the scores plal after &4 PCA of ihe spec-
rral data (Fig. 23). where tao clusters comespond-
ing 1o both 1ypes of samples appear, A high number
of PLS components (seven) is pecessary io build a
FL5 model which will be able 1o handle the speciral
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SV specom.

ditferences. but with poor results for the prediction sert
{see Tohle 1)

3.2, Derivative spectr

First derivative does not complenely remeve the dif-
ferences between laboratory samples and productios
samples specira. It omly diminishes them (Fig. 1b).

Taksle |
Calibraiom (RSEC) and prediciion (RSEF) ervars obtiined with
Every darl peedeatnls

e e e B B T S

PLS composenis RSEC (%3 RSEP %)
Origieal specta 7 7 56
Bard devivagive ] 4.1 i
SNY 3 13 18
WL 5 23 ia
L0 | 5L 1n

PCA still shows both chusiers (Fig. 2b). With first
derivative spectra, optimal PLS mode! had three com-
ponents and, although the complexity of the wodel
diccreased. the results produced colibration and pre-
chiction crrors very simitar 1o those obained with the
original dota (Table 1) Models with second deriva-
tive were also testesd, but they did not improve the
results.

Ik MEC sl

MSC comecied spectra (Fig. 1cb show a wave-
length region (towards 2UInm) where specips of
Iaboratory-made and production samples are sill dif-
ferent. First PC still separates both groups of samples
{Fig. 2c). After MSC correction, the spectra were used
i+ build a PLS model, with five PLS components.
which p]‘l:l'l-'id-ﬂ's leawar calibration pnd p-r.:d!.;nnﬂ ef-
fors ihan those obtained with the ongingd doga and
forst dertvative spegira (Toble 13
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4. SNV specira

After stundardizution of the spectra using SNY
abmost all the speciral differences are minimized,
although small differences ore still observed in some
regions of the spectra (Fig. 1d). However, PCA sl de-
tects the origin of the samples (Fig. 2d). A PLS model
with five components allows 1o obtain good resulis, not
only for calibration but alse for prediction, very sim-
ilar o those obtained afier applving MSC (Table 11,

A5 QSC specira

In order 1o obtan the et quantitation results. the
effect of some O5C parameters (number of production
samples o infroduce in the calibration sef, number
of latent variables and number of OSC factors) has
been swudied in order 1o test their influence on the
quisntitation of the analvie,

O5C models the information present in the spec-
tra vhiat is oot related o she concentration, that means
that samples in the calibration set should be similar
to those in the prediction set, ctherwise the same cor-
rection coitld not he applied (o both types of samples,
In the cose studied. production and laboratory -made
samples differ in their particle size and consequently
in the scatter properties, so in the calibration set hoth
types of samples should be present. The minimum
number of production samples that should be in the
calibranon set has been stodied. With a number of
luboratory-made samples fised at 14, the number of
production samples was varied introducing in the cal-
ihration se1 4, 6, &, 10 and 11 samples, In Table 3, the
obtained resuits are shown, in all cases the same pre-
dicticn set, alrepdy described in Section 3.3, was used.

Tohle 2

Results vhissned applying O5C varyimg the number of preduction
samples inroduced in the colibration see. fixing at 16 the nembsr
of lohormery ramples

- am — e

Mumbser o |Larent PLS RAFC RSFR
praducticm variahles COMpoments [ (G|
sumples R 7

4 + 4 5.1 2y

b h | 24 Al

B & | EN| Al
1] & | 34 13
11 ] I A4 Iq

It can be observed that when few prodection somples
were included in the calibration a1, O8C could not
model and reduce the differences between both 1ypes
of samples, The number of FLE components was Rve,
and the prediction error very high. When more prodie-
tion samples were added o the calibragion set1, the ab-
tained models with corrected specira reguire only one
PLE compoenent, diminishing also the predicuon error,
The minimum prediction error has been obtained with
11 production spmples, so this pumber of production
samples was chosen for the comparison with the other
tremtments, and thar 15 the reason for having defined
this way the calibration ond prediction sets. Including
more production samples in the calibration sec did pos
redice the prediction error. This number of produc-
tion samples may vary in each cose and it has o be
studied to find the hest results, a8 we have concluded
from resulis not shown in his paper. Moreover, 050
can lead w an overfitted solution. with a very good
calibration but with reduced predictive capatnliny, The
parameters that allew controlling this overfilling are
the number of intemal latent variakles (LY and the
number of (50 factors, Increasing the number of LY
implies (o remove mare information that is not cormre-
laged with the analyte concentration, The number of
OSC factors is the number of times that O5C is ap-
phied 10 3 20 of spectra, This means to make a O%C
treatment and to obtain the careczed SPECIED. FMext, the
QFC i= agaim applied w the cormected spectra and so
on. One O5C factor 15 usiwally enovgh, since a second
factor leads to a great overfitting.

In our case, o determine when this overfitling takes
place, both parameters were evaluated. In Table 3 the
effect of LY is shown, vsing the calibration set de-
scrbed 1n Section 2. In the lable, the calibration and

Tanle 3

Hesules ablaned applying the O8C prarrealment with diffesent
pamber of lwiem variahles

Latgpe vprigblgs  FLS ¢eeapongms BEEC (% REEP (5}
] & 51 I7.2

& il ig 15

k L1 18 64

4 1 B 4./

b} 1 o § 10.T

& 1 a5 x4

7 1 X3 44

B 1 aa a9
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Flg. 3 O8C specom of labomtory samples and production samples.
oerfappad (1) eomgrnnd with s orkgined spactm of lesminiry
samples () and production samples (30,

prediction errors for sach pumber of IV are shown,
In each step of the cafculation, spectra were corrected
unel tha PLE regression calculated, predicting the cx-
ternpd group and caleulating s error This way, up o
three LV, the number of PLS componedits |3 six. From
four batent variables, all the PLS models are ohtained
with one PLS componens only, The besl prediction
results were obtained wsing six LV, since with mnogde
fhan six, the calibration ersor diminishes bul that of
prediction increases vielding an overfitted solution.

Althowgh it is described that one 085 factor is usu-
ally encugh to cormest some dota, we have applied OFC
to pur data pwice [two OSC factors). As expected, the
second factor led to o very high overniming in anyone
of its LV, for what we dectded to work with one O8C
factor,

Using QSC. the spectral differences between the
two types of samples have been removed. The cor-
rected spectrn, from both labaratory and prosduction
samples spectra, appear overlapped and located be-
tween the origingl spectra of production and lab-
oratory samples (Fig. 33 The scores piot of O5C
corrected spectra shows that the varability berween
the b Types of samples that appenred with the other
trestments has been removed (Fig. 4 The samples

PCA OSC
[ - e ey
04, ,
— =
2 S,
o R e e B
ol A S N c .
0l §
-
L2 IR P | T s L e i |
473 450 025 000 039 050 075
PC 1457 %)

Fig. 4. Przcipal component onadysis (PCA} of 050 careited
specirn from production samples (&) ond labortory sampled L

are now in a single chuster and ordered along the first
CRmpenen! in function of their concentration. Produc-
tion samples appear in the middle of laboratory sam-
ples, since they have a content of active compound
approximately in the middle of the concentration
range.

The results of PLS afier D50 correction are shown
i Table |, ogether with the results provided by
the other prewesments studied. With this Lreatmient,
RSEC (%) and RESEP (%) are vary similar 10 those
obtained using SNV, but with a lower number of PLS
components; they have decreased from five with SNV
model 12 only one with OSC model.

4. Conclusions

The most commaonly applied mathermatscal freat-
menis (derivition. SNV, MSC) of the signal before
performing 4 PLS calibration reduce the spectral dit-
ferences due 1o light scatter and reduce the complex-
ity of the calibration model from that ahiained with
the original spectra. Anyhow, the optimal number of
PLS components is 31t high, and nome of them is
ghle to completely eliminate the spectral differsnces
that clearly nppears in the scores plot after a FCA of
the trented spestra, Onthegonal signal comection suc-
ceads in removing the differences between the spec-
it even i a case LIKe the stadied, whers the physi-
cal characteristics of production and Laboratory-made
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samples were 5o different and with important spec-
wral differences, as it is shown in the plot of the FCA
seores. O30 comected data provide a simpler calibra-
ton model, although the pretreatment 5 much more
comples than other pretreatments commonly used, re-
quiring «nly one FLS component for mnd:l-.jmg the
data and with a predictive ability compacable 1o that
ohigined with other technigues. like SNV, with more
comples models.
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