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Introduction

In recent years, counterfeit detection of
drug products has become an impor-
tant activity within the pharmaceutical
field. It constitutes a major public health
challenge and has become a priority
as the lives of an increasing number of
customers are endangered.

The World Health Organisation (WHO)
defined a counterfeit drug as: A counter-
feit medicine is one which is deliberately
and fraudulently mislabelled with respect
to identity and/or source. Counterfeiting
can apply to both branded and generic
products and counterfeit products may
include products with the correct ingre-
dients or with the wrong ingredients,
without active ingredients, with insuf-
ficient active ingredients or with fake
packaging.

Over the last few decades, several
techniques have been used to detect
counterfeit pharmaceutical tablets.
Traditionally, chromatographic meth-
ods were chosen to analyse suspicious
tablets.> However, those chemical anal-
yses are time consuming, destructive
and require solvents. These constraints
justify the increased use of other,
quicker methods for counterfeit detec
tion. Mass spectrometry and nuclear
magnetic resonance have been tested*
by comparing suspicious and reference
tablets but, in the main, the destruc
tion of the sample was considered as
an important drawback with these tech-
niques. Mid-infrared spectroscopy,®
near infrared (NIR) spectroscopy® or
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NIR chemical imaging (NIR-CI)” have
become particularly popular, as they
are fast and non-destructive methods.
However, these vibrational spectroscopy
techniques usually require additional
uses of a multivariate data analysis
(chemometric) approach due to the
complexity of their data.

Raman spectroscopy is also a vibra-
tional spectroscopy technique, with
the spectra usually giving rise to sharp
and well-resolved bands. Peaks may be
correlated with chemical constituents of
a tablet [active pharmaceutical ingredient
(API) and excipients]. Usually, the spec
tral analysis is easier and quicker than for
NIR data analysis.?

Transmission Raman spectroscopy
allows non-invasive measurement of the
bulk content of a tablet. It can be consid-
ered to be a special case of spatially offset
Raman spectroscopy (SORS), for which
a back-scattering geometry is utilised,
where a laser excites the sample and
the Raman signal is collected at both the
excitation point and at a spatially offset
distance; the scaled difference spec
trum of these is then used to generate
a spectrum of sub-surface components.
In the transmission Raman spectroscopy
concept, the laser beam and the Raman
collection zone are separated to the
extreme, both being on opposite sides
of the sample.® In terms of bulk analysis
of tablets, this special configuration is a
real advantage compared with conven-
tional Raman spectroscopy, as the sub-
sampling problem, which is often an

issue due to heterogeneity of the tablet
or surface coatings, is limited.

As a consequence, this spectroscopic
measurement has become a useful tool
for counterfeit detection, as the analysis
is fast, non-destructive and provides
information about chemical formulation
of the entire tablet (core and coating).

During the study reported in this
article, 18 Diamicron 80 mg tablets
were analysed with transmission Raman
spectroscopy. The aim of this study was
to discriminate counterfeit tablets and to
quickly evaluate the use of transmission
Raman spectroscopy for counterfeit
detection of tablets.

Materials and methods
Transmission Raman spectra were
recorded using a dispersive Raman
spectrometer (TRS100, Cobalt Light
Systems, UK). An excitation NIR laser
operating at 830 nm was used and
focused onto the bottom surface of a
tablet; transmitted radiation was collected
from the top surface of the sample (see
Figure 1). Laser power was approximately
0.65W; the exposure time was 5s.

Seven genuine 80 mg Diamicron
tablets from Les Laboratoires Servier and
11 suspicious 80 mg Diamicron tablets
from different seizures were used to
perform this analysis.

Results and discussion

Figure 2 is a picture of one genuine
tablet and one suspicious tablet. The
seized tablets were formulated with
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Figure 1. Transmission Raman schematic.
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Figure 2. Photographs of a genuine tablet (left) and a counterfeit tablet (right).

which make difficult the visual identifica-
tion of a counterfeit tablet. Moreover, it is
important to specify that the packaging
(including blisters and notices) of the
genuine and the counterfeit samples

Raman spectral information, provided
by the bulk analysis of each tablet, is
shown in Figure 3(a). The differences
between the genuine and the counterfeit

tablets were easily observed without

the same colour as the genuine tablets, were identical. using a complex multivariate data analy-
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Figure 3. Raman spectra of counterfeit tablets (green) and genuine tablets (red). (a) Raman spectra over the range 1700-200 cm™' and (b) scale-

expanded view of the Raman spectra.

sis (here only a simple baseline correc
tion was applied to the spectra). For
example, as shown in Figure 3(b), the
band at 1420cm™" is not visible in the
counterfeit tablet Raman spectra.

However, to confirm the visual iden-
tification of counterfeit tablets, a fast
and non-complex qualitative multivari-
ate classification analysis was performed
on the data. Spectra were first pre-
processed by using an asymmetric least
squares algorithm,'® followed by standard
normal variate (SNV) on reduced spectra
(from 200 cm™ to 1800 cm™"). Kmeans
analysis was used to explore the data.
Kmeans is a cluster analysis which aims
to partition a population of samples into
different clusters. Each sample belongs
to the cluster with the nearest mean. This
analysis, which can be used without a
calibration step, confirmed the results
obtained by simple spectral comparison
analysis.

Figure 4 shows the results of the
Kmeans analysis. Two classes were
clearly identified. The first class consists
of the counterfeit tablets and the second
class consists of the genuine tablets.
Note that the variability within the first
class of counterfeit tablets is important
while the distance value between each
genuine tablet is low. This can easily be
explained by studying the tablet formu-
lation. The genuine tablets were manu-
factured at Servier's manufacturing site
with a defined protocol, while counterfeit
tablets were purchased at different loca-
tions, probably from several counterfeit
manufacturers.
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Conclusions

Transmission Raman spectroscopy
is a very useful tool for fast and
non-destructive counterfeit detec
tion of pharmaceutical tablets. While
conventional Raman spectroscopy
focuses the analysis on the surface
of a tablet, transmission Raman
provides information about the entire
tablet, which means that the coun-
terfeit detection can be carried out
more easily if something is different
within the coating or within the core

of a genuine and a counterfeit tablet.
Compared with NIR spectroscopic data,
Raman spectra can be interpreted
visually and more easily by the user.
However, in the case of good quality
counterfeit tablets, a multivariate data
analysis approach can easily be devel-
oped.
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Figure 4. Results of Kmeans analysis: Counterfeit population (green) and genuine population

(red).
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