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Abstract

This work is part of a study in which the possibility of NIR combined with some chemometrical methods is investigated as a suitable
technique to classify clinical study samples of a cream. In this study, the influence of different preprocessing methods on the removal of
spectral variations due to some variance sources has been investigated. The applied preprocessing methods are standard normal variate (SNV),
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etrend correction, offset correction, and first and second derivation. The investigated variance sources are different batches of
ifferent samples of the same batch, different days and different positions of the sample cup in the sample drawer of the instrumen
NOVA design has been applied in order to quantify the variances introduced by these variance sources. Since ANOVA is a

echnique, the necessary variable (wavelength) selection has been performed by the Fisher criterion. The best results, i.e. larges
nterfering variability and clearest distinction between different clinical study samples, are obtained with the second derivative spe
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. Introduction

Near infrared spectroscopy (NIR) is a fast and easy tech-
ique that allows both qualitative and quantitative analyses. In

he pharmaceutical industry, NIR can be considered as a rou-
ine technique for the identification of raw materials[1–4].
ore and more NIR applications for quantitative analyses
nd online process control are reported[5–8]. NIR can also
e used as a fast technique in clinical trial studies[9,10] to
etermine whether or not a sample is a placebo and to which
oncentration class of the active compound it belongs. This
akes NIR a suitable analysis technique in double blind stud-

es.
This work is part of a study in which we investigate the

ossibility of using NIR as a classification technique for
reams according to their active-compound concentration.

∗ Corresponding author. Tel.: +32 2 477 47 34; fax: +32 2 477 47 35.
E-mail address:fabi@vub.vub.ac.be (D.L. Massart).

This classification is complicated by the fact that, a
from the active-compound concentration, other param
also have an influence on the NIR spectra. The poten
influential parameters investigated in this study are bat
of ingredients, samples of the same batch, days (time
positions of the sample cup in the sample drawer of
instrument. Besides these studied parameters, also ph
variables, like particle size, temperature, humidity, etc.
be reflected in spectral differences. The above menti
influences justify the common use of spectral preproces
methods to reduce the effect of these interfering vari
sources, thereby increasing the part of the variance due
concentration differences. The effect on the information
tent of some of these preprocessing methods was evalu

A similar study on tablets and capsules has been perfo
by Candolfi et al.[11]. Another paper reporting the study
different variability sources on NIR spectra of pharmac
tical drug products has been written by Borer et al.[12].
However these authors stress more on the effects of
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collection and treatment parameters of the spectral processing
methods.

2. Theory

2.1. Preprocessing methods

Different spectral preprocessing methods are described in
the literature. Those applied in this study are summarised
below.

2.1.1. Offset correction[13]
The aim of an offset correction is to correct for a parallel

baseline shift. This correction is performed by subtracting
the mean of the first few (in this study the first five) variables
from each spectrum individually:

xij,0 = xij − x̄i,1–5

2.1.2. Detrend correction[14]
Detrend correction is applied to spectra in order to re-

move curvilinearity and baseline shifts. The log(1/R) values
in NIR spectra, withRbeing the reflectance, often show an in-
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2.2. Nested ANOVA[17]

Since each measurement is subject to measurement errors,
variance is introduced into the data. The physical parameters
to which NIR is susceptible introduce additional variability.
ANOVA (analysis of variance) is a statistical method that is
used to estimate the degree of variance introduced into the
measurements by a certain variance source. In this study, a
‘nested’ ANOVA design is used to estimate the contribution
of each of these variance sources. In a nested design each of
the variance sources is considered as hierarchically ordered:
each of the higher level groups contains subgroups. The vari-
ance sources examined in this study are ‘concentration of
active compound’, ‘different batches’, ‘different samples’,
‘measuring day’ and ‘position of the sample cup’.

When the contribution of each of the sources is estimated,
one knows which is largest and hence requires the strictest
standardization during measurement or calibration.

2.3. Wavelength selection[14]

Since ANOVA is a univariate technique and the NIR spec-
tra are recorded at 701 measuring points, individual wave-
lengths have to be selected. These wavelengths are selected
according to the Fisher criterion (FC). This criterion describes
t nce:
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reasing trend between 1100 and 2500 nm. To correct fo
ffect, the baseline is fitted by a second degree polyno
nd subsequently subtracted from the spectra:

ij,d = xij − bij

ith bij the baseline value of spectrumi according to th
econd degree polynomial at wavelengthj.

.1.3. First and second derivative[15]
Deriving spectra is used to separate overlapping peak

o correct for baseline shifts. A drawback of deriving spe
s the enhancement of noise. In order to avoid this drawb
pectra are smoothed by using the Savitzky–Golay algor
hich is a moving window averaging method: a window
elected where the data are fitted by a polynomial (se
egree polynomial in this study). The central point in
indow is replaced by the value of the polynomial. For
rst derived spectra, a window of seven points and for
econd derivative, one of 15 points is used.

.1.4. SNV correction[16]
Standard normal variate (SNV) correction is applie

emove scatter interferences or scatter differences be
he samples. To perform this correction, the mean of
pectrum (¯xi) is subtracted from the whole spectrum (xi) and
hese centred values are divided by the standard deviatiosi)
f each spectrum:

i,SNV =
(

xi − x̄i

si

)

he ratio of between-class variance to within-class varia

C =
∑k

j=1nj(x̄ij − x̄i)2∑k
j=1(nj − 1)s2

ij

n this equation,j = 1, 2,. . ., k is the number of classes,nj the
umber of objects in classj, x̄ij the mean absorbance of t
bjects belonging to classj at theith wavelength, ¯xi the mean
bsorbance of the objects belonging to all classes at thith
avelength, andsij the standard deviation of the absorba
f the objects belonging to classj at theith wavelength.

It shows which variables have the highest discrimina
ower between the classes: wavelengths at which the
nces between the classes are large and those with
lasses are small result in high FC values. Those wavele
re important for classification purposes.

Apart from the Fisher criterion, the loadings on the
wo principal components (explaining the largest part o
ariance in the data) are also considered in the wavele
election.

. Experimental

.1. Material and methods

.1.1. NIR spectrometer
The measurements are performed using a Bran&Lu

nfraAlyzer 500® (Norderstedt, Germany). The spectra
cquired using the SESAME® software coupled to th
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Fig. 1. Nested ANOVA design representing the hierarchical structure of the different variance sources: concentration of active compound, batches,measuring
days, samples, cup position in the instrument drawer.

instrument. The samples are measured in a transflectance
cup, which is used because of its reproducible path length.
The spectra are recorded between 1100 and 2500 nm with a
measuring point each 2 nm, which results in a total of 701
measuring points.

3.1.2. Computer calculations
All spectral calculations are performed with the Matlab®

software (version 5.3, The MathWorks Inc., Natick, MA) us-
ing a in-house toolbox.

The nested ANOVA calculations are performed with Mi-
crosoft Excel® 97 software.

3.1.3. Samples
All cream samples were prepared in-house. As cream base,

theCremor non ionicus aquosusfrom the Formularium Na-
tionale, fifth edition (FN V)[18], has been selected. The
creams are composed of cera emulsificans cetomacrogolis
FN V [18] (15.0 g), cera liquida (10.0 g), propyleneglycolum
(10.0 g), acidum sorbicum (0.2 g), and aqua ad 100.0 g.

This cream has been prepared four times with different
batches of ingredients in order to simulate the batch differ-
ences that can also be encountered in an industrial environ-
ment. For each of the batches, a placebo cream is prepared and
four different concentrations of the model substance (herein
c /m).
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3.1.4.2. Different batches.It is known that the use of dif-
ferent batches of excipients can introduce variability into the
end product and consequently into the NIR spectrum of the
creams. In order to investigate this influence, four different
batches of creams are prepared.

3.1.4.3. Different samples.From each of the creams (each
batch, each concentration) two samples are measured on the
same day. If the creams are homogeneous, this should not be
a major variance source, although the filling of the measure-
ment cup can introduce variability in the spectra.

3.1.4.4. Measuringday.Depending on the atmospheric con-
ditions of the laboratory (temperature fluctuations, humidity,
etc.) and also on the instrument, small between-day spectral
differences can occur. The impact of the time effect on the
measurements was examined by repeating the measurements
on five different days.

3.1.4.5. Position of the sample.As reported by Candolfi et
al. [11] the positioning of the sample can have a large in-
fluence on the spectral variance. Although in their case this
variability was mainly due to scatter effects on the shiny shell
of capsules, we considered it necessary to check the influence
of the cup position in the instrument. Each sample is mea-
s
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alled the active compound) are added: 1, 2, 3 and 4% (m
or the creams with a drug concentration below 4%, w
as added so that the sum of the weights of active and
quals 4% of the final weight of the creams.

.1.4. Variance sources

.1.4.1. Concentration of active compound.The final aim
f the study is to classify the creams according to their
entration of active compound. For this reason, we w
refer that the drug concentration of the creams is the m
ource of variance at the examined wavelength. The a
ompound is used in four different concentrations: 1,
nd 4%. Since in a clinical trial, the active compound ha
e compared with a placebo product, a placebo cream i
ade. In this way, five different concentration classes wi

onsidered.
ured three times after rotation of the cup for 120◦.

.1.5. Nested ANOVA design
Taking into account the above-mentioned varia

ources, the set-up of the nested ANOVA design is re
ented inFig. 1.

. Results and discussion

.1. Spectra of active compound and the creams

The spectrum of the pure compound is presented inFig. 2.
he major absorbance bands are situated at 1688, 2270
nd 2396 nm. These peaks are mainly due to CH and C C
onds.
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Fig. 2. NIR spectrum of the pure active compound.

The log(1/R) spectra of the creams are shown inFig. 3a.
The two major absorbance peaks (around 1450 and 1950 nm)
are due to the presence of high amounts of water in the creams.
Mainly at these peaks (and also at wavelengths between 2400
and 2500 nm), a concentration trend in the log(1/R) values
can be noticed: the spectra of the placebo creams have higher
values than the spectra of the drug containing creams. This is
due to the way the creams are prepared: the placebo creams
have a higher water content than the other creams because for
all creams containing less than 4% of active, water has been
added in order to adjust for the weight of the active compound
(seeSection 3.1.3).

As described before, the wavelengths are selected based
on the FC and according to the loadings on the first prin-
cipal components. For the raw spectra, 1686 (based on FC;
seeFig. 4a), 2174, 2266 and 2308 nm (based on loadings)
are selected. These wavelengths are situated very close to the
absorption peaks of the pure compound. In order to make
this univariate approach more robust to, among others, wave-
length shifts, the sum of the absorbance values at the selected
wavelengths and of the values at the two neighbouring wave-
lengths at both sides of the selected one were calculated.

Table 1shows the ANOVA results for the selected vari-
ables. Generally, the position of the sample in the instrument
and the samples itself are the smallest sources of variance for
t e be-
t . Es-
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p ntra-
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as for the original spectra can be noticed. The loading plots
are very similar to those of the original spectra and thus the
selected wavelengths are also close to those chosen for the
original spectra: 1686, 2174, 2270 and 2314 nm (all based on
a combination of loadings on PC 1, PC 2 and on the Fisher
criterion (Fig. 4b)). The results of the nested ANOVA calcu-
lations are represented inTable 1. Compared with the calcula-
tions for the original data, it can be observed that the fraction
of variance due to the concentration differences of the active is
slightly higher than for the original data. The explained vari-
ance due to batch differences of the creams, different samples
and sample position is comparable to that for the non-treated
spectra. Day differences contribute less to the total variance,
especially at 1686 nm. This can be explained by the fact that
the first points of the spectra taken on a given day are different
from those taken on another day, and by applying an offset
correction, these differences can be minimised.

4.3. Effect of detrend correction

The increasing baseline that is typical for NIR spectra is
removed by applying detrend on the spectra (seeFig. 3c).
In Fig. 3c, the trend according to the active concentration
can again be observed, especially around the water peaks
and also at wavelengths where the drug compound shows
s C plot
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he selected wavelengths. The highest variance sourc
ween the different spectra is the concentration of active
ecially at 1686 nm (a peak corresponding to an absorb
eak in the pure compound spectrum), the drug conce

ion contributes for more than 60% to the total variance.
ll selected wavelengths, batch and day variances are co
able. However, based on the log(1/R) values of the origina
pectra at the selected wavelengths, a clear classificati
ording to the concentration of the active compound c
ot be made.

.2. Effect of offset correction

The offset corrected spectra are shown inFig. 3b. In this
gure, the same trend according to the active concentr
-

-

trong absorbances (around 1680 and 2270 nm). The F
Fig. 4c) shows some pronounced peaks which means
t these wavelengths the spectral differences are mainl

o concentration differences of the creams. Compared t
riginal spectra and the offset corrected spectra, the FC
es are 10-fold higher which implies that at these sele
avelengths the discrimination between the different
entration classes will be better. The wavelengths selec
erform the ANOVA calculations are 1180, 1686, 2270
324 nm. The ANOVA results are shown inTable 1. It can
e seen that at 1180 and at 2270 nm, the concentration d
nces represent respectively 97.4 and 98.6% of the var
onsequently the contribution of the other considered
nce sources can be neglected at these wavelengths.
ndings can be matched with the high FC values at t
avelengths. At 2324 nm, the concentration contributes

o the total variance: 84.5% of the variance can be attribut
he concentration differences, 6.9% to the batch differen
.5% to the day differences, 3.1% to the sample differe
nd 1% to the position of the sample into the sample dra

It can be concluded that the detrend correction reduce
nfluence of the other factors in such a way that the spe
ifferences due to the active concentration are amplified

.4. Effect of standard normal variate (SNV)

Standard normal variate correction is commonly use
orrect for scatter effects due to particle size difference
ween samples. Although the samples we are using ar
owders, we wanted to evaluate its performance. The
orrected spectra are represented inFig. 3d. Compared t
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Fig. 3. Cream spectra after different preprocessing methods coloured according to the active concentration (0%: cyano; 1%: red; 2%: green; 3%: magenta; 4%:
blue; for interpretation of the references to color in this figure legend, the reader is referred to the web version of the article). (a) Original spectra; (b) offset
corrected spectra; (c) detrend corrected spectra; (d) SNV corrected spectra; (e) first derived spectra; (f) second derived spectra.
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Fig. 4. Fisher criterion obtained from the preprocessed spectra: (a) original spectra; (b) offset corrected spectra; (c) detrend corrected spectra; (d) SNV corrected
spectra; (e) first derived spectra; (f) second derived spectra.
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Table 1
Variance contribution for each of the different influence factors at the selected wavelengths for the original, offset corrected, detrend corrected, SNV corrected,
first and second derived spectra

Wavelength (nm) Concentration (%) Batch (%) Day (%) Sample (%) Position (%)

Original spectra
1686 61.2 15.6 13.3 7.7 2.2
2174 47.1 19.7 19.1 12.2 1.9
2266 28.6 24.7 27.9 16.4 2.4
2308 56.5 14.4 15.7 11.8 1.6

Offset corrected spectra
1686 70.6 12.1 7.4 7.4 2.5
2174 50.1 19.3 16.5 12.1 2.0
2270 30.0 24.9 26.1 16.4 2.6
2314 57.6 14.5 14.8 11.4 1.7

Detrend corrected spectra
1180 97.4 1.2 0.2 0.9 0.3
1686 92.7 1.8 2.4 2.5 0.6
2270 98.6 0.5 0.1 0.7 0.1
2324 84.5 6.9 4.5 3.1 1.0

SNV pretreated spectra
1686 98.3 0.2 0.3 0.7 0.5
2174 89.9 2.9 0.3 5.6 1.3
2266 98.9 0.5 0.2 0.3 0.1
2314 70.9 13.9 5.5 8.7 1.0

First derivative
1398 73.7 5.3 9.6 8.0 3.4
1662 99.6 0.1 0.1 0.1 0.1
2198 98.8 0.1 0.1 0.3 0.7
2270 91.3 2.8 2.4 2.9 0.6

Second derivative
1142 99.1 0.1 0.0 0.1 0.7
1686 99.6 0.1 0.1 0.1 0.1
2174 98.3 0.1 0.1 0.2 1.2
2270 99.5 0.1 0.1 0.1 0.2

the original spectra, SNV is able to reduce a large part of
the variance between the spectra, which can be observed vi-
sually. The FC plot (Fig. 4d) reveals two large peaks with
an FC equal to 65 around 2266 nm and an FC equal to 40
at 1686 nm. ANOVA was applied at these wavelengths. Two
other wavelengths, 2174 and 2314 nm, were selected based
on their high loadings on PC 1. The ANOVA results are rep-
resented inTable 1. From these results it can be concluded
that SNV has a positive influence on the results. At 1686
and at 2266 nm, the wavelengths selected based on their high
FC values, the concentration differences between the creams
explain more than 98% of the variance. At the two other
wavelengths, selected based on high PC 1 loadings, the other
variance sources are responsible for a higher percentage of
variance: at 2174 nm, 89.9% of the variance can be explained
by the concentration differences between the creams and the
sample differences represent 5.6% of variance between the
spectra. At 2314 nm, only 70.9% of the variance is explained
by the concentration differences. The batch differences rep-
resent 13.9% of the total variance at this wavelength and the
differences between the samples 8.7%. A possible explana-
tion for the good results of the SNV preprocessing method
may be that the size of the emulsion particles is not equally

distributed, resulting in different scatter effects, which are
removed by SNV.

4.5. Effect of first derivative

Deriving spectra stresses spectral differences and splits
overlapping peaks. This makes that the shape of the first
derived spectra (seeFig. 3e) is different from that of the
original spectra. It can be seen that the concentration classes
now almost can be separated based on their log(1/R) values
at the wavelengths between 1650 and 1700 nm and around
2270 nm where the active substance has high log(1/R) values
(Fig. 5a and b). The FC plot (Fig. 4e) shows one main peak
with an FC value of about 250 at 1662 nm. Nested ANOVA
was applied at this wavelength. The selection of the other
wavelengths was performed based on the PC 1 loadings.
Nested ANOVA was thus applied on the results measured at
1398, 1662, 2198 and 2270 nm.Table 1confirms our findings
that 1662 nm is a selective wavelength to perform classifica-
tion of the samples according to their active concentration:
the variance between the spectra due to concentration class
differences amounts to 99.6%. At 2198 nm, the contribution
of the concentration differences to the total variance is 98.8%.
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Fig. 5. (a) First derived spectra between 1640 and 1730 nm, (b) first derived spectra between 2240 and 2310 nm, (c) second derived spectra between 1640 and
1720 nm, (d) second derived spectra between 2240 and 2290 nm (0%: cyano; 1%: red; 2%: green; 3%: magenta; 4%: blue; for interpretation of the references
to color in this figure legend, the reader is referred to the web version of the article).

These results show that deriving spectra filters out spectral
differences introduced by batch, day, sample or sample
positioning.

Although on the plot of the spectra (Fig. 5b), 2270 nm also
seems to be an interesting wavelength to perform classifica-
tion according to the drug content of the creams, the nested
ANOVA results reveal that also batch, day and sample differ-
ences contribute to a small extent to the variance between the
different spectra at this wavelength. 91.3% of the variance at
this wavelength can be attributed to the differences in the drug
content between the creams while the other above mentioned
variance sources each contribute for approximately 2.5% to
the variance between the spectra.

4.6. Effect of second derivative

The second derived spectra are shown inFig. 3f. At
1686 nm, the different classes can be clearly separated (see

Fig. 5c). The region around 2270 nm (Fig. 5d) also shows
a good separation according to the different concentrations
of the active compound of the creams. In this region, the
best separation can be obtained at 2268 nm. These two wave-
lengths are close to the absorbance peaks of the active spec-
trum: 1688 and 2270 nm (Fig. 2).

As could be expected, the FC plot (Fig. 4f) shows two ma-
jor peaks, i.e. at these wavelengths. The same wavelengths
also have high loadings on the first PC and thus will be
considered for the nested ANOVA calculations. Two addi-
tional wavelengths (1142 and 2174 nm) are also selected
based on their high FC values. At 1142, 1686 and 2270 nm,
the variance almost exclusively (more than 99%) can be at-
tributed to the active content of the creams (seeTable 1).
At 2174 nm, 98.3% of the variance was explained by the
concentration differences between the spectra and 1.2% of
the variance is due to the different positions of the sample
cup.
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5. Discussion

Comparing all results, it can be stated that all applied
preprocessing methods reduce the variance contributions
of the batch, day, sample and positional differences.
While the offset correction results in a small reduction
of these variance contributions, all other studied meth-
ods enhance the concentration differences to more than
90% of the total variance around a typical absorbance
wavelength of the active compound (e.g. 1686 nm). For
the first and second derivative spectra, the concentration
determines almost the total variance at this wavelength
(>99%).

Generally, the wavelengths selected according to the
Fisher criterion give better results than those selected
according to high PC 1 or PC 2 loadings. This is not
unlogic because the FC criterion specifically selects those
wavelengths where the discrimination between the (con-
centration) classes is highest, while the PC loadings only
indicate wavelengths where the variance between the spectra
is high not taking into account the origin of the variance
source.

6. Conclusion
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