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Abstract

We describe a method for determining the ambroxol content in tablets nondestructively. To obtain a reliable quantitative calibration, we
prepared 20 pellet samples (ambroxol content: 8.30–16.25 wt.%) and acquired their Raman spectra while rotating the pellets. The spectra of
the rotated samples reflected the compositional variations better than those that were recorded without rotation. To reduce both the baseline
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ariations and the spectral noise simultaneously, the spectra were pre-processed using wavelet transformation (WT). Then, w
ormalization method before partial least-squares (PLS) regression to correct Raman intensity variation from laser power fluctu
chieved standard error of cross validation (SECV) was 0.30%. Two different datasets where Raman intensity was artificially cha
repared and the corresponding spectra were quantitatively analyzed. The result was reproducible even if laser intensity was fair
dditionally, two different commercial tablets were analyzed and the accuracy of measurement was better for a tablet that had
pectral features of the standard pellet samples. The proposed method can be utilized for the analysis of commercial tablets if stan
f various ambroxol concentrations that have the same chemical components including additives and the same physical shape o
vailable.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Ambroxol [1] is one of the most popular medicines used
o relieve the symptoms of coughs, asthma, and colds. The
eight of a normal tablet is ca. 240 mg, comprising mostly
mbroxol and lactose as the excipient (support); the concen-

ration of ambroxol is 12.5wt.%. To determine the ambroxol
oncentration in tablets, high-performance liquid chromatog-
aphy (HPLC) and ultraviolet (UV) spectroscopy are used
ost frequently[2–5], but these approaches are destructive,

low, and require the use of chemical reagents. Additionally,
t is hard to utilize these methods practically for the fast on-
ine analyses required for continuous quality assurance of
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tablets and therefore, there is a strong demand for altern
analytical methods to replace them.

Raman spectroscopy[6–8] has strong potential for use
the fast, nondestructive, on-line analysis of ambroxol ta
because it provides rich chemical and structural informa
without destruction of the samples. Recently, diverse
contact Raman optical fiber probes have been develope
nondestructive analysis. In this paper, we describe a m
for determining the ambroxol content of tablets using Ra
spectroscopy with the aid of partial least-squares (PLS
gression[9,10]. We prepared 20 pellets with concentrati
ranging from 8.30 to 16.25% and collected their Raman s
tra in two different ways, i.e., with and without rotation
the sample during spectral collection. The Raman sp
obtained upon rotating a sample during measurement r
sented the concentration variation more correctly. Addit
ally, we employed wavelet transformation (WT)[11–13] to
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reduce the baseline variation selectively and the spectral noise
superimposed on the raw Raman spectra. The variation of Ra-
man intensity was corrected by using a normalization method
that each spectrum is divided by area of spectral range used.
The achieved standard error of cross validation (SECV) was
0.30% using PLS regression.

To evaluate the analytical performance in a situation of
laser intensity variation, two different Raman sets, where
laser power was artificially changed, were prepared sepa-
rately to simulate routine analysis. The resulting standard
error of predictions (SEP) from both sets was 0.36% ap-
proximately. Even though the resulting SEPs were slightly
increased, we have achieved reproducible quantitative ana-
lytical performance by normalizing Raman intensity varia-
tion.

We have also studied actual applicability of the proposed
method to commercial tablets. For this purpose, two different
kinds of commercial tablets were analyzed and the accuracy
of measurement was better for the tablet that had the similar
spectral features of the standard pellet samples. The spectral
features of commercial tablets were slightly different owing
to the presence of additives such as binder, disintegration
agent, and tablet lubricant. If we can prepare the standard
tablets of various ambroxol concentrations that have the same
chemical components including additives and the same phys-
ical shape, the proposed Raman spectroscopy combined with
n l for
d tical
r

2

2

ge:
8 iate
a ased
f ans-
f ssed
u final
p each
p

2

aman
s CCD
d Ar-
b d to
c c-
t th an
e ellets
w m-
p nute
(

Partial least-squares regression and wavelet transforma-
tion were accomplished using Matlab Version 6.5 (The Math-
Works Inc., MA, USA).

3. Results and discussion

3.1. Raman spectral features

Fig. 1presents the Raman spectra of ambroxol and lactose,
together with their molecular structures. The benzene ring in
ambroxol causes the isolated and unique bands, centered in
the 1670–1550 cm−1 range, and the intense aromatic feature
at 1002 cm−1 (ring breathing mode). Since the spectral fea-
tures of these compounds are clearly different, we expected
that we would have no significant difficulty in quantifying
ambroxol as long as we could collect reproducible Raman
spectra. Therefore, we focused more of our efforts on finding
a method of collecting Raman spectra that allows accurate
quantitative representations to be made. This analysis can
be accomplished by using an appropriate spectral collection
configuration and spectral processing algorithms.

Fig. 2 displays a visual microscopic image
(160�m× 130�m) of an ambroxol pellet’s surface.
We examined the surface to find out whether or not the
collected Raman spectra were representative of the sample
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outine analysis.

. Experimental

.1. Sample preparation

Twenty different sample pellets (concentration ran
.30–16.25 wt.%) were prepared by mixing appropr
mounts of ambroxol and lactose, which were purch

rom Sigma–Aldrich. The mixed powder samples were tr
erred into a vial and mixed thoroughly and then were pre
sing a conventional infrared (IR) presser to produce
ellet samples. The diameter, thickness, and weight of
ellet were 13 mm, 0.6 mm, and 240 mg, respectively.

.2. Raman spectral collection and data processing

Raman spectra were collected using a dispersive R
pectrometer equipped with a diode laser (785 nm), a
etector, and a holographic grating (Kaiser Optical, Ann
or, MI, USA). A non-contact optical fiber probe was use
ollect the spectra at a 4 cm−1 resolution. Each Raman spe
rum corresponded to an accumulation of 64 scans wi
xposure time of 2 s for each scan. The spectra of the p
ere collected both with and without rotation of the sa
le. The rate of pellet rotation was 60 revolutions per mi
rpm).
omposition; the size of the laser illumination spot is sm
1–5�m) relative to the sample size and therefore, if
ample were inhomogeneous on the micron scale, ther
ossibility of acquiring only localized chemical informati
ather than averaged chemical features. The picture inFig. 2
resents a case in which the sample is inhomogen
n the micron scale: the light- and dark-gray areas
pread irregularly. The Raman spectra of four random a
designated A–D) were collected selectively with the
f a microscope; the corresponding spectra are disp

n Fig. 2. Initially, we examined the range 950–650 cm−1

here both ambroxol and lactose have strong Raman p
pectra A and D are similar to one another, but are diffe

rom spectra B and C; that is to say, although the dista

Fig. 1. Raman spectra of ambroxol and lactose.
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Fig. 2. Visual microscopic image of an ambroxol pellet’s surface (top),
Raman spectra of four different spots in the 950–650 cm−1 (middle) and
1700–1500 cm−1 (bottom).

between these four spots are very close, the resulting Raman
spectra are clearly different. In addition, we examined the
spectral range 1700–1500 cm−1 in which the unique peaks
arising from the benzene ring of ambroxol appears. Again,
the peak intensities at each spot obviously change as a
result of variations in the local ambroxol content. These
observations imply that a Raman spectrum obtained from
a particular sample area, equivalent in size to the area of
the laser spot, do not necessarily represent the total sample
composition and, therefore, to achieve reliable quantitative
calibration models we must average Raman spectra collected
over a larger sample area.

To cover a larger sample area of each pellet, we collected
Raman spectra while rotating the samples (60 rpm). A spec-
tral collection period of ca. 2 min was sufficient to provide
an average spectrum over a large area.Fig. 3displays Raman
spectra of 10 selected samples with and without rotation.
Based on a simple visual inspection, there are no significant
differences between the two sets of spectra except that base
line variations are slightly higher for the Raman spectra ob-
tained for the rotating samples. From the results inFig. 2, we

Fig. 3. Raman spectra of 10 selected ambroxol samples with and without
rotation.

believe that the Raman spectra recorded with rotation should
better represent the average sample composition, but it is hard
to make such a conclusion merely by visual inspection of the
spectra presented inFig. 3.

To investigate the spectral variation more in detail, we
examined the intensity of the two strong ambroxol bands
centered at 815 and 785 cm−1 in the Raman spectra obtained
by both rotation and non-rotation;Fig. 4presents the Raman
spectra (840–760 cm−1 range) of three different concentra-
tions of ambroxol (10.42, 14.17, and 15.42%). With sample
rotation, the intensities of the two bands clearly increase with
an increase in concentration, but the spectral variations for
the static sample do not follow such a systematic trend. Even
though this examination was performed over a narrow spec-
tral range (840–760 cm−1), it seems reasonable to conclude
that the spectra obtained with rotation provide greater quan-
titative information throughout the whole Raman spectra.

3.2. Wavelet transformation and PLS calibration

Before performing PLS regression, we employed WT to
reduce the background baseline selectively and the noise in

F ra-
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ig. 4. Raman spectra (840–760 cm−1 range) of three different concent
ions of ambroxol (10.42, 14.17, and 15.42%) with and without rotatio
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the raw spectra displayed inFig. 3. WT decomposes an orig-
inal spectrum using a wavelet, i.e., the projection onto a
wavelet basis function. Wavelet coefficients of the decom-
posed spectrum can be manipulated for various purposes,
such as de-noising or signal compression. Generally, the pro-
cedure involves removing the specific wavelet coefficients
associated with baseline variation or noise, and then inversely
transforming back to the original domain. In this study, we
employed the discrete wavelet transformation (DWT) using
Daubechies wavelet (order: 8, level: 8). The details of the
DWT process have been described in several articles[11–13].
As a result of DWT, we obtained two sets of wavelet coef-
ficients, the detail (dn) and approximation coefficients (an),
where the superscriptn reflects the level of resolution. The
detail and approximation coefficients, which can be viewed
as the result of high- and low-pass filtering, usually are re-
garded as noise and broad baseline variations, respectively.

Fig. 5 displays the raw and wavelet-transformed spectra;
the 1700–1500 cm−1 range is magnified and presented in the
same plot. The transformed spectrum was obtained by re-
moving three levels of detail (d1, d2, d3) and one level of
approximation (a1) coefficients that we presumed to be the
spectral noise and baseline, respectively. As presented in the
magnified view, the baseline variation and spectral noise are
decreased effectively without distortion of the spectral fea-
tures.
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One of the most important steps for reliable quantita-
tive calibration using Raman spectroscopy is the acquisi-
tion of reproducible spectra, since its intensity varies with
laser intensity fluctuation that is always occurring in an ac-
tual measurement. The Raman intensity can be corrected us-
ing an internal reference that has separate Raman bands to
keep track of intensity variation. This is a reliable method;
however, it cannot be adopted for this study, since quan-
titative inclusion of an internal standard into a tablet is
unrealistic. The other approach is to treat mathematically
spectra for obtaining correct spectral variation. The reason-
able approach is the normalization of spectrum by divid-
ing the area under specific Raman peaks. The tablet is a
binary mixture, so the area of spectral region containing
both ambroxol and lactose information will be nearly con-
stant if Raman scattering coefficients of both components
are not significantly different from each other as shown in
Fig. 1. Therefore, the normalization of acquired spectra will
help to produce reproducible spectra for quantitative anal-
ysis. For PLS regression, we used the normalized spectra
(1170–750 cm−1 range) followed by baseline correction and
WT.

For the sake of comparison, we performed PLS using
the Raman spectra obtained both with and without rota-
tion. We evaluated simultaneously both the raw and wavelet-
transformed spectra for each case. All the spectra were nor-
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It is known generally that the spectral range and the n
er of PLS factors are important parameters when app

he PLS algorithm[14,15]. The spectral range determines
ocation of the necessary spectral information, and the n
er of PLS factors should be selected optimally to avoi
verfitting. In this study, we used the 1170–750 cm−1 range
ecause both Raman peaks of ambroxol and lactose
trongest in this range. Additionally, the underlying base
ould be regarded as linear, so it was easy to correct ba
ariations by using simple two-point correction. In this stu
e corrected baselines and zeroed at 1170 and 750 cm−1 after
T.

ig. 5. Raw (a) and wavelet-transformed spectra (b) of the ambroxol sa
he range 1700–1500 cm−1 is magnified for the better examination.
alized to compensate for the slight Raman intensity v
ions from sample to sample, as discussed.

We identified the optimum number of factors as the v
hat gave a minimum standard error of cross validation.
ross validation method was applied by dividing the dat
nto five segments and examined the pattern of decre
ECV as a function of the number of PLS factors. The SE
ecreased sharply for the first factor and then decreased
ally for the following factors. At a certain factor, the va
f the SECV began to increase. These trends are fairly
al in factor-based analyses. We chose the factor befo
ncrease in the value of the SECV to be the optimum num
f factors.

Table 1 summarizes the overall calibration results;
umbers in parentheses correspond to the number of

actors used. It is clear that rotation of the sample du
aman collection helps to represent the sample compo
orrectly and leads to much lower calibration errors. W
orrect sample representation, the subsequent WT help
itionally to improve the calibration performance further
electively decreasing the spectral noise and baseline
ion. The best SECV we obtained was 0.30% for data co
ion with sample rotation.

able 1
verall PLS calibration results (unit: wt.%)

Raw Wavelet transformatio

ithout rotation 1.24 (2) 1.04 (2)
ith rotation 0.46 (3) 0.30 (3)
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3.3. Raman reproducibility under laser intensity
variation

To evaluate the performance of normalization in a situation
of laser intensity variation, two different Raman sets were
collected separately to simulate routine analysis. The A and
B sets were collected with maximum and 30% decreased laser
power, respectively. Each data set is composed of 15 spectra
from 15 samples. All the spectra were collected with sample
rotation.Fig. 6shows all raw (top) and normalized (bottom)
spectra from both sets. Before normalization, all the spectra
were filtered using WT and their baselines were corrected as
described. In the raw spectra, the intensities of Raman peaks
are significantly different from each other owing to large laser
intensity variation; on the other hand, the Raman intensity
variations are effectively corrected in the comparable scale
by using the normalization.

The spectra in sets A and B were analyzed using the
calibration model described inTable 1. The resulting stan-
dard error of predictions (SEP) from sets A and B were 0.35
and 0.36%, respectively. Even though the resulting SEPs are
slightly increased compared to the SECV, the result clearly
demonstrates that the normalization helps to compensate Ra-
man intensity variation and leads to the reproducible quanti-
tative performance.

Additionally, we have evaluated the repeatability of the
R om a
1 cted

F d B.
T
p

at five different periods and two spectra were acquired at
each period. The average and standard deviation of 10 pre-
dicted values were 12.42 and 0.17%, respectively. We have
achieved the reasonably repeatable result by using normal-
ization method.

3.4. Evaluation of commercial tablets

We have studied actual applicability of the proposed
method to commercial tablets. For this purpose, two different
kinds of tablets were obtained. The ambroxol contents of two
tablets were different from each other (tablets A and B for
12.50 and 17.25% ambroxol, respectively). The correspond-
ing Raman spectra of two different tablets and a 12.50% pellet
used in this study are shown inFig. 7. As shown, the spectral
features of the pellet and tablet A are generally similar; how-
ever, there are subtle differences. Actual tablets contain low
concentrations of starch, colloidal silicon, and magnesium
stearate as binder, disintegration agent, and tablet lubricant,
respectively. It is expected that the inclusion of necessary
additives produce slightly different Raman spectral features.
Tablet B shows the more different spectral features especially
in the 980–870 cm−1 range, since its composition is presum-
ably more different from that of tablet A and the pellet. It
was practically difficult to identify the actual composition of
t
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aman measurement by using 10 spectra collected fr
2.5% ambroxol pellet sample. The spectra were colle

ig. 6. All raw (top) and normalized (bottom) spectra from sets A an

he sets A and B were collected with maximum and 30% decreased laser
ower, respectively.

p nts of
1

ablet B.
Six Raman spectra (three spectra from one tablet)

ollected from tablets A and B with rotation, and the co
ponding ambroxol contents were calculated using the m
escribed inTable 1. The average and standard deviation
ulated from six predicted values are given inTable 2. As
xpected, the accuracy is much better for tablet A, sinc
pectral features are similar to those of the calibration
he more different spectral features of tablet B lead to

arger deviation in analysis.
The Raman method developed using laboratory-prep

ellet samples of binary components cannot be directly

ig. 7. Raman spectra of two different commercial tablets and the 12
ellet used in this study. The tablets A and B have ambroxol conte
2.50 and 17.25%, respectively.
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Table 2
The analyzed results using two different commercial tablets

Tablet A Tablet B

Ambroxol content (%) 12.50 17.25
Average 12.82 13.89
S.D. 0.11 0.15

for some commercial tablets, since the pellet samples used
in this research do not have the same chemical composi-
tion, physical shape, and packing density as commercial
tablets. If we can prepare the standard tablets of various am-
broxol concentrations that have the same chemical compo-
sition including additives and the same physical shape of
tablets, the proposed Raman spectroscopy combined with
normalization, baseline correction and WT will be useful for
the non-invasive determination of ambroxol in commercial
tablets.
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