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bstract

During the last few years, counterfeiters have become increasingly sophisticated by falsifying drugs and making them look identical to genuine
ablets. In this paper, Raman spectroscopy is proposed as a fast and reliable method for the detection of counterfeit Viagra® tablets. This technique
an easily differentiate genuine from counterfeit tablets without the need of sample preparation. In total 18 tablets were analysed which all contained
he active ingredient sildenafil, but different excipients were used, as could be observed in the Raman spectra between 1150 and 700 cm−1. So, the
pectra could be divided into genuine or counterfeit. Additionally, principal component analysis (PCA), combined with hierarchical cluster analysis

HCA), was used to establish an automated approach for the discrimination of counterfeit from genuine Viagra® tablets. Raman spectroscopy,
ombined with principal components analysis, could be used in the future by customs or in the field to identify counterfeit tablets on the spot
ithout involvement of trained chemists.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Since the introduction of Viagra® for erectile dysfunction by
fizer in 1998 [1], numerous websites have been appearing, were
eople easily and anonymously can purchase Viagra® tablets.
iagra® has been falsified numerous times [2] and has been put
n the National Specified List of Susceptible Products by the
ational Association of Boards of Pharmacy [3] in the USA.
he products on this list are popular among counterfeiters and
ould therefore pose a potential risk for public health. According
o the World Health Organization (WHO) a counterfeit medicine
s one which is deliberately and fraudulently mislabelled, with
espect to its identity and/or source [4]. This includes products
ith correct ingredients or with the wrong ingredients, without

ctive ingredients, with insufficient active ingredient or with fake

ackaging.

So far, different methods have been used for the analysis of
ildenafil in Viagra® tablets. These methods include capillary
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ponents analysis (PCA)

as chromatography [5], polymer membrane sensors [6], NMR
1H, 13C, 15N) [7], UV-VIS [8,9], infrared spectroscopy [9,10],

icellar electrokinetic capillary chromatography [11], high-
erformance liquid chromatography with diode-array detection
9,12,13], liquid chromatography coupled with mass spectrom-
try (LC-DAD-MS [9], LC-ECI-MS/MS [12] and LC-MS/MS
14]) and thin-layer chromatography [9,13]. The disadvantage
f many non-spectroscopic methods is their need for sample
reparation, e.g. by pulverizing the tablet and dissolving it.
ntil now, in literature only two methods have been used,

pecifically to detect counterfeit Viagra®, namely X-ray pow-
er diffraction analysis [15] and near-infrared spectroscopy
NIRS) [9]. With X-ray diffraction only six Viagra® tablets
ere investigated and compared with a genuine Viagra® tablet.
ased on the information it could predict if the active ingre-
ient and/or particular excipients were present, so the analysis
ith X-ray diffraction is only qualitative [15]. A downside of

his method is that the coating of the Viagra® tablet had to

e removed before analysis. For the analysis of the Viagra®

ith NIRS, a total of 103 samples were analysed. The method
an be used to check homogeneity of a batch, distinguish
ounterfeits and imitations from authentic Viagra® and screen

mailto:Raman@UGent.be
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Fig. 1. Picture of the 18 tablets used in this research. In some cases, tablets a

or the presence of sildenafil citrate [9]. NIRS can therefore
ive an indication if sildenafil citrate is present in the tablet
ut for definitive confirmation LC-MS analysis are necessary
9].

Lately, it has become very difficult to distinguish counter-
eit from genuine drugs, based on their appearance [16]. So
t is necessary to develop a fast and easy method, in order
o identify these counterfeit drugs in the field. In this paper,

e propose a Raman spectroscopy method for the detection of

ounterfeit Viagra® tablets. Pharmaceutical analysis by Raman
pectroscopy is becoming a commonly accepted approach as
llustrated by the rising number of research papers that are pub-

c
t
i
a

ig. 2. Raman spectrum of (a) sildenafil and its molecular structure and (b) genuine V
aser wavelength, after baseline correction).
ken, for reason of differentiation of the coating and the bulk of these tablets.

ished in this field [17]. Raman spectroscopy has been used for
rug identification of active ingredients as well as excipients
18], polymorphism [19], imaging of tablets [20], quality con-
rol [21] and industrial applications [22]. This technique requires
o sample preparation; tablets can even be analysed through
heir coating, while non-destructive character and high speed
f analysis make Raman spectroscopy well-suited for investi-
ating possible counterfeit drugs [23,24]. Moreover, by using

hemometric techniques to compare the recorded spectra with
hose in a reference library, instrument operation and spectral
nterpretation can be automated, in order to give a pragmatic
nswer.

iagra® tablet (5X objective, 10 accumulations of 30 s, 700–1800 cm−1, 785 nm
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Fig. 3. Raman spectrum of (5X objective, 700–1800 cm−1, 785 nm laser wavelength, after baseline correction) of the excipients used in a Viagra® tablet, (a)
m spha
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icrocrystalline cellulose (10 accumulations of 30 s), (b) calcium hydrogen pho
agnesium stearaat (5 accumulations of 30 s), (e) hypromellose (15 accumulat

0 s) and (h) indigo carmine (40 accumulations of 30 s).

. Experimental

The analyses of the Viagra® tablets were carried out with a
enishaw System-1000 spectrometer (Wotton-under-Edge, UK)
hich is connected to an Olympus BH-2 microscope. The laser
sed is a diode laser with a wavelength of 785 nm and a power of
0 mW (DL 100, TuiOptics GmbH, Martinsried/Munich, Ger-
any). A 5X objective lens (Olympus MDPlan50, 0.75 NA,
mnilabo, Aartselaar, Belgium) was used to focus the laser light
n the sample and to collect the scattered light. The collected
aman radiation was dispersed with a 1200 lines mm−1 grating

focal length 250 mm) and focussed on a Peltier-cooled CCD
etector, allowing to obtain a spectral resolution of ca. 1 cm−1.

Eighteen tablets were recorded in the spectral window of
00–1800 cm−1, with 10 accumulations of 30 s each. Besides
he 18 tablets, a genuine Viagra® tablet (provided by phar-

acy, Ghent, Belgium), the active ingredient (provided by
he National Institute for Public Health and the Environment,
IVM, Bilthoven, the Netherlands) and inactive components
f a genuine Viagra® tablet were analysed as well. These are:
icrocrystalline cellulose (Sigma–Aldrich, Belgium), calcium

ydrogen phosphate (Sigma–Aldrich, Belgium), croscarmel-
ose (Certa, Belgium), magnesium stearaat (Sigma–Aldrich,
elgium), hypromellose (Shin Etsu, Japan), lactose (DMV inter-

ational, the Netherlands), triacetin (Sigma–Aldrich, Belgium)
nd indigo carmine (Fluka, Belgium). Additionally, several ref-
rence products were analysed, namely: barium sulphate (UCB,
elgium), calcium sulphate (Fluka, Switzerland), calcium car-

a
d
s

te (5 accumulations of 30 s), (c) croscarmellose (50 accumulations of 60 s), (d)
f 60 s), (f) lactose (5 accumulations of 30 s), (g) triacetin (5 accumulations of

onate (Merck, Belgium), mannitol (Cerestar, Belgium) and
ucrose (Merck, Belgium). Three spectra were recorded, aver-
ged and baseline-corrected before presentation, to eliminate the
nfluence of broadband fluorescence.

Eighteen “Viagra” tablets (Fig. 1) were purchased in local
harmacies in China (tablet 1 and 3 from Shanghai, tablet 2 from
eijing and tablet 4, 5, 6, 17 and 18 from Suzhou) and Mexico

tablet 7 from Cancun). Other “Viagra” tablets were donated by
ublic Health and Environment in the Netherlands (tablet 8, 9,
0, 11, 12 and 13), customs at Brussels Airport (tablet 14 and
6) and by Federal Agency for Medicines and Health Products
n Belgium (tablet 15).

Data processing was performed with Matlab 6.5 (The Math-
orks inc. Natick, MA) and the PLS toolbox, version 3.0

Eigenvector Research inc., Manson, Washington). The aver-
ge of the three or five spectra (depending on tablet or pure
ubstance) and a manual baseline correction was performed by
sing ACD/Specmanager (version 9.13, Advanced Chemistry
evelopment, inc. Toronto, Canada).

. Results and discussion

.1. Visual inspection of the tablets
The first step in detecting counterfeit drugs is based on the
ppearance of the tablet. Viagra® is known for its distinct blue
iamond shape, with on one side the Pfizer-logo and on the other
ide the abbreviation “VGR” plus the amount of sildenafil in mg
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Fig. 4. Raman spectra of the 18 tablets (5X objective, 10 accumulations

25, 50 or 100). Based on this information the tablets 16, 17 and
8 can be eliminated as genuine Viagra® tablet, since tablet 16
acks the blue colour, tablet 17 has different names pressed in the
ablet and tablet 18 has a different shape. Tablet 1 to 15, based
n their appearance, look similar to genuine Viagra® tablet and
or these tablets Raman analysis is necessary.

.2. Visual inspection of the Raman spectra

To be able to differentiate the 18 tablets based on their Raman
pectrum, a Raman spectrum of a genuine Viagra® tablet is
ecessary. Fig. 2 shows the spectrum of pure sildenafil (a), its

hemical structure and the spectrum of genuine Viagra®(b). The
ajority of the Raman bands in the genuine Viagra® spectrum

Fig. 2b) can be assigned to the corresponding functional groups
25] of the active ingredient (Fig. 2a). A Raman band at the

F
c
s
p

s, 700–1800 cm−1, 785 nm laser wavelength, after baseline correction).

ar end of the spectrum at 1699 cm−1 can be assigned to the
tretching vibration of the C O group, additionally the doublet
t 1580/1562 cm−1 is attributed by the C C bond. Raman bands
t 1528 cm−1 (ν(N C N), 1238 and 1272 cm−1 (ν(C N)) and
he Raman band at 927 cm−1 (ν(C N)) are attributed to nitrogen
ontaining bonds. The Raman bands at 1170, 1057 and 652 cm−1

an be assigned to the symmetric ν(SO2), the asymmetric ν(SO2)
nd the ν(C S) stretching vibrations, respectively.

There are some additional Raman bands present in the spec-
rum of genuine Viagra® which cannot be attributed to the active
ngredient, but can be assigned to one of the excipients (769, 847,
73, 1117, 1294 and 1352 cm−1, weakly, not always visible in

ig. 2b). A Viagra® tablet consist of a white core and a blue
oating. The core of the tablet consists of the active ingredient
ildenafil, microcrystalline cellulose, calcium hydrogen phos-
hate, croscarmellose and magnesium stearate. The coating of
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he tablet consists of hypromellose, lactose, triacetin, titanium
ioxide and indigo carmine for its distinct blue colour [26]. The
aman spectra of these excipients are shown in Fig. 3, the spec-

rum of titanium dioxide is not presented since this spectrum
nly consist of three very strong Raman bands below 700 cm−1

394, 514 and 635 cm−1) [27]. Based on these spectra, the addi-
ional bands in the spectrum (Fig. 2b) of the genuine Viagra®

ablet can be assigned to microcrystalline cellulose (1352 and
117 cm−1) [28], magnesium stearate (1294 and 769 cm−1) and
actose (873 and 847 cm−1) [28].

The spectrum of genuine Viagra® (Fig. 2b) is compared
o the Raman spectra of the 18 tablets in Fig. 4. The strong
aman bands at 1699 cm−1 (ν(C O) stretch vibration), 1580
nd 1562 cm−1 (ν(C C) doublet), 1528 cm−1 (ν(C N) stretch)
nd at 1238 cm−1 (ν(C N) stretch), which are grey highlighted,
ere used to check for the presence of the active ingredient.

t can be concluded that all 18 tablets contain the active ingre-
ient. However, when focussing on the Raman bands between
150 and 700 cm−1, differences between these tablets can be
oticed.

Tablet 1–8 and tablet 13 show the same spectrum as the gen-
ine Viagra®, including the Raman band of microcrystalline
ellulose at 1117 cm−1 (Fig. 3a). This Raman band is clearly
acking in the tablets 9 till 12 and 14 till 18, which therefore can
e considered as counterfeits. These 9 tablets (9–12 and 14–18)
o not show certain Raman bands which are present in the spec-
rum of genuine Viagra® and/or have additional Raman bands
f other excipients.

Five tablets have extra Raman bands which are attributed
y different excipients not present in genuine Viagra®. Tablet
has an additional Raman band at 987 cm−1 which can be

ssigned to barium sulphate (Fig. 5a) [29] whereas tablet 10 has
n extra Raman band at 1005 cm−1 attributed by calcium sul-
hate (Fig. 5b) [29]. Raman bands at 711 and 1084 cm−1 which

re specific for calcium carbonate (Fig. 5c) [30] can be observed
n the spectrum of tablet 15. Mannitol (Fig. 5d) [31] is present
n tablet 16 according to the three Raman bands at 782, 872
nd 1034 cm−1. Tablet 18 shows three additional Raman bands

a
g
t
a

ig. 5. Raman spectra excipients found in the analysed “Viagra” tablets, (a) barium
0 s), (c) calcium carbonate (1 accumulation of 30 s), (d) mannitol (5 accumulations
Biomedical Analysis 46 (2008) 303–309 307

t 846, 921 and 1123 cm−1 which can be assigned to sucrose
Fig. 5e) [31].

The three tablets 11, 12 and 14 lack the Raman band at
117 cm−1, as do all 9 counterfeits, but show no obvious Raman
ands of other excipients besides the excipients used in genuine
iagra®. Finally, besides the Raman bands of sildenafil (Fig. 2a)
o other Raman bands can be observed in the Raman spectrum of
ablet 17, not even Raman bands from any of the excipients used
n the genuine Viagra®. In stead of using Raman bands of the
ctive ingredient as distinction between genuine and counterfeit
iagra®, the tablets could be divided into these two categories
ased on the excipients used.

.3. Chemometric analyses

When considering an analytical technique for routine or
creening investigations, this technique has to fulfil several
equirements. These include, among others, a high speed of
nalysis, easiness to operate and the technique should be
obust. It is clear that the accuracy of the applied method
s also critical. Raman spectroscopy seems to meet many of
hese conditions. However, if this technique has to be oper-
ted by non-specialist users (e.g. at customs), there is need
or an automated spectral interpretation. Here a chemometric
pproach combined with an elaborated database with Raman
pectra of genuine pharmaceutical products has to be consid-
red.

Here, in an exploratory approach, we use a combination of
rincipal components analysis (PCA) and hierarchical cluster
nalysis (HCA). However, it is not the aim of this work to
elect the most appropriate chemometric techniques for this dis-
rimination. The dataset, consisting of the Raman spectra of
9 Viagra® tablets is arranged in a 19 by 1205 data matrix
1205 data points, between 700 and 1800 cm−1). In order to

void contributions from the broad-featured fluorescence back-
round, the second derivative of all spectra was taken by using
he Savitsky–Golay algorithm [32]. A 13-point window-function
nd the use of a third order polynomial happened to yield the

sulphate (1 accumulations of 30 s), (b) calcium sulphate (20 accumulations of
of 120 s) and (e) sucrose (20 accumulations of 30 s).
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ig. 6. Dendrogram of the 18 Viagra® tablets and genuine Viagra® tablet.

est results. The mean-centered dataset was reduced, retaining
he first eight principal components. Subsequently, K-means
lustering was applied, by using the nearest group clustering
lgorithm and Euclidean distance in the eight-dimensional prin-
ipal component space. The resulting dendrogram is presented
n Fig. 6.

In this dataset, a clear cluster is observed containing the spec-
ra of tablets 1–8, tablet 13 and the genuine tablet. This group
ontains Raman spectra of the genuine Viagra® tablets. The
ther tablets are on a distinct distance from this group, showing
hat chemometric methods are able to discriminate genuine from
ounterfeit Viagra® tablets. Amongst the counterfeit spectra, the
endrogram seems to show some tailing effect which is a conse-
uence from the minute differences that are observed between
hese falsifications. Most of these counterfeits are different from
ach other. Only tablets 11, 12 and 14 resemble in the sense that
hey all lack the cellulose additive, which is present in genuine
iagra®. Apparently, from the cluster diagram tablets 11 and
2 seem to be more closely related than 14. Although, large-
cale research is needed before final conclusions can be drawn,
ndication of relationships between the counterfeit tablets might
ontain useful information in forensics in order to track down
he origin of these products.

. Conclusion

Raman spectroscopy has been proposed as a fast and reliable
ualitative technique for the detection of counterfeit Viagra®

ablets. In this work, 18 tablets were examined. From visual
nspection, 3 tablets (16–18) could be assigned as counterfeit,
hereas Raman spectroscopy was able to detect 9 counterfeit

ablets (9–12 and 14–15) from our test set. Although, these
ablets contain the active ingredient sildenafil citrate, they can be
onsidered as counterfeit, since they contain less or other inac-
ive compounds. In the spectra of counterfeit Viagra® tablets,

aman bands of barium sulphate, calcium sulphate, calcium
arbonate, mannitol and sucrose could be detected. The other
ablets (1–8 and 13) show an identical Raman spectrum com-
ared to the Raman spectrum of the genuine Viagra®. By using a

[
[

Biomedical Analysis 46 (2008) 303–309

ombined approach of principal components analysis (PCA) and
ierarchical cluster analysis (HCA), with Raman spectroscopy
t was possible to design an automated approach to distinguish
etween genuine and counterfeit tablets. The latter turns out
o be useful when considering this technique for screening by
on-specialist operators, for instance at customs.
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