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Counterfeit medicines of ‘high quality’ are the most difficult to detect as they have the same chemical
composition as the genuine ones, but they are produced by underground manufacturers who violate
technological regulations. Our approach is to consider a remedy as a whole object, taking into account
the complex composition of APIs, excipients and manufacturing conditions. For rapid testing, the Near
Infrared (NIR)-based approach is applied. It entails the acquisition of NIR spectra and processing of the
collected data using a modern one-class classifier method called data driven soft independent modeling
by class analogy (DD-SIMCA). We present an exemplary analysis of the suspected drugs, which have the
same designation and a very similar chemical composition to the brand of a widely used medication used
to treat allergies. We recognized the counterfeits using a model that had been previously developed and
stored in a library for everyday monitoring in drugstores. We also describe the steps taken in develop-
ment and validation of DD-SIMCA library models. In the case under consideration, the NIR-based analysis
reveals 100% of counterfeits, and this result surpasses the results of the routine compedial tests.
Additionally, we present a new instrument, VisCam, that is used in visual analysis of the primary and sec-
ondary packages. This instrument combines a tenfold web-camera with different light sources. It is
shown that VisCam helps to reveal hidden violations in the primary and secondary packages.

� 2018 Published by Elsevier B.V.
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1. Introduction

Counterfeiting poses a significant danger to public health and
causes a huge economic and reputational damage to pharmaceuti-
cal companies. Due to European Medicines Agency (EMEA), ‘‘the
phenomenon of falsified medicines is on the increase, with more
and more medicines now being falsified” [1]. Fake medicines could
be of different type: placebo, the medicines with lower concentra-
tion of active pharmaceutical ingredient (API), the drugs that do
not contain the proper concentrations of excipients or contain
wrong excipients, etc. Several years ago, World Health Organiza-
tion (WHO) attempted to introduce a total term that should
comprise all kinds of fakes. It was named ‘‘substandard/spurious/
falsely-labeled/falsified/counterfeit (SSFFC)”. Now, this phe-
nomenon has obtained a simplified term that is ’substandard and
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falsified’ (SF) medical product. According to the WHO definition,
substandard is ‘‘authorized medical products that fail to meet
either their quality standards or specifications, or both”. Next to
that, falsified means ‘‘medical products that deliberately/fraudu-
lently misrepresent their identity, composition or source” [2].

Looking at counterfeiting from a recognition perspective, we
can single out several types of fakes. They are (1) pills/tablets that
can be recognized without any instruments, simply by a glance, or,
at least, by an experienced glance; (2) medications that can be
recognized due to special packages, holograms, a unique printing
on the tablet surface, special shapes of pills and capsules; (3) fakes
that can only be detected using chemical/physical testing of the
drugs themselves.

Employment of a unique 2-dimension barcode and an anti-
tampering device is a modern tendency used to protect the market
from the SF medication. A law will be drawn up in the EU in the
middle of 2019 year. It will cover the most of prescription
medicines and certain non-prescription medicines [1]. In Russia,
the project devoted to marking all secondary packages by the
Th
is

 a
rti

cl
e 

is

http://crossmark.crossref.org/dialog/?doi=10.1016/j.forc.2018.02.004&domain=pdf
https://doi.org/10.1016/j.forc.2018.02.004
mailto:rcs@chph.ras.ru
https://doi.org/10.1016/j.forc.2018.02.004
http://www.sciencedirect.com/science/journal/24681709
http://www.elsevier.com/locate/forc


O.Ye. Rodionova et al. / Forensic Chemistry 8 (2018) 82–89 83

py
rig

ht
 la

w
. Y

ou
 m

ay
 c

op
y 

an
d 

di
st

rib
ut

e 
th

is
 a

rti
cl

e 
fo

r y
ou

r p
er

so
na

l u
se

 o
nl

y.
 O

th
er

 u
se

s 
ar

e 
on

ly
 a

llo
w

ed
 w

ith
 w

rit
te

n 
pe

rm
is

si
on

 b
y 

th
e 

co
py

rig
ht

 h
ol

de
r.
2-dimensional barcodes and tracing the movement of medication
has been launched at the end of 2016 and is conducted by the Fed-
eral Service for Surveillance in Healthcare (Roszdravnadzor) [3].
This could definitely be an effective way to combat counterfeits
and a good addition to special tokens, overt or covert, which are
already used by various pharmaceutical companies. A complex
approach to the analysis of a suspicious medicine is very important
[4], a special workflow for the complex analysis is presented in [5].
However, the most reliable way to get evidence that a medicine is
not a counterfeit is testing the drug itself. The compendia tests, or
the tests used to accord the specification, are, ordinarily, time and
labor consuming and sometimes ineffective. These tests are con-
cerned with specific properties of a remedy, so they leave ample
space for counterfeiting [6,7,8,9]. In general, the most difficult to
reveal are ’the high quality fakes’, which have a proper composi-
tion but are produced by underground manufactures with a viola-
tion of technological regulations.

Our general approach is to consider a remedy as a whole object,
taking into account the complex composition of APIs, excipients, as
well as manufacturing conditions, such as the degree of drying,
homogeneity, etc. [10]. For rapid testing, the Near Infrared (NIR)
measurements, accompanied by chemometric data processing,
are applied [11–14]. NIR spectra carry information not only regard-
ing chemical, but also physical phenomena. In some cases, NIR
measurements are more sensitive in revealing falsified medication
than routine laboratory tests [15,16].

This study is conducted within a state project aimed at the
monitoring of the quality of the medicines and at anti-
counterfeiting. A part of this project involves establishing and
managing a special NIR spectrometers network to monitor the
quality of tablets and capsules. A central laboratory receives sam-
ples directly from the manufacturers; develops and collects the
corresponding authentication models in a special library, which
is extended and updated on a permanent basis. Nine mobile labo-
ratories conduct the routine NIR tests of medicines directly in
drugstores and warehouses. This monitoring system began its
work in 2011. The main principles of the data collection, the model
development and validation have been described in paper [12].

In this paper, we present an exemplary analysis of the suspects
seized from a drugstore and illegal warehouse. All these samples
had the same designation as the brand of a widely used medication
for the treatment of allergies. In the course of the analysis, we rec-
ognized the suspects using a library model that had previously
been developed for everyday monitoring of that brand name. In
some cases, the NIR-based analysis was more specific than labora-
tory tests in revealing counterfeits. We also discuss the procedure
of the library model development, which involves a comparison of
a target medicine with its analogues produced by the other manu-
facturers. This study demonstrates the importance of the model
validation against the similar but still alien objects, because this
procedure trains the model to recognize counterfeits of various
grades, not only rough and evident, but also ‘the high quality’ ones.

All calculations were conducted using free available MATLAB
GUI tool ‘‘DD-SIMCA” [17].
Table 1
Summary of dataset, genuine tablets.

Name Marker*) Batches Training Test Excipients

L1 5 37 10 Lactose monohydrate, microcry
L2 10 70 30 Lactose monohydrate, microcry
L3 6 50 10 Lactose monohydrate, microcry
L4 5 40 10 Lactose monohydrate, croscarm
L5 4 30 10 lactose monohydrate, croscarm
L6 9 60 30 Lactose monohydrate, magnesi

*) Used in Figs. 2 and 3a.
2. Materials and methods

All objects are intact uncoated tablets of Loratadine (interna-
tional nonproprietary name), an antihistamine medicine, packed
in Polyvinyl Chloride (PVC) blisters. The commercial names of the
tablets are not disclosed here for reasons of confidentiality. Instead,
we use the ’L’ name, presented here in versions L1, L2, etc, depend-
ing on the drug manufacturers, whose names and locations are also
not disclosed.

2.1. Objects used for the library models

Tablets produced by 6 different manufacturers are denoted as
L1, L2, . . ., L6. All producers employ the same amount of the API
(10 mg) but different composition of excipients (see Table 1). Each
producer is represented by a set of batches ranging from four to
ten. Each batch consists of 7–10 tablets. Products L4 and L5 are
tablets with an identical composition, which are produced by the
same manufacturer at two different plants. All the tablet samples
were provided by the manufactures, thus, there was no doubt
about their authenticity.

Several years ago, the six models for classes L1–L6 have been
developed and stored in the library. Now, they are used to recog-
nize new objects that are presented in the following subsection.

2.2. New genuine and suspicious objects of class L6

Several suspicious tablets designated as the L6 medicine were
seized from a drugstore. This set is marked as S1 in Table 2. Later
on, other L6 suspects were found in an illegal warehouse, where
they were located at different places (marked as shelves in Table 2).
They constitute sets, marked as S2-S6 in Table 2.

All the samples were subjected to NIR analysis, routine labora-
tory tests in accordance with medicine specification, and they also
were examined visually. In this research, we also use new L6
tablets provided by the manufacturer (marked as Ln in Table 2).
The L6 model has been developed several years ago and ‘fresh’ gen-
uine samples are employed to confirm that the model is still actual.

In total, we have 47 tablets in 7 sets that are listed in Table 2.

2.3. NIR measurements

The measurements are carried out through a PVC blister in the
diffuse reflection mode. Spectra acquisition without damaging of
the primary packaging provides a possibility to return tablets into
circulation in case they passed the test. PVC blister influences the
results of measurements in two different ways. Firstly, full contact
between the probe tip and a tablet packed in the blister cannot be
guaranteed. This circumstance mainly influences the shape of the
spectrum background, and may cause a decrease in the absorbance
intensities [18]. Such distortions are eliminated by the spectrum
pre-processing. Secondly, PVC film has its own strong absorption
peaks around 5570–6000 cm�1, and close to IR range, (4450–4000
cm�1, combination bands range) (see Fig. 1, curve 3). These peaks
Mass, mg

stalline cellulose, calcium stearate, sodium carboxymethyl starch 200
stalline cellulose, magnesium stearate, corn starch, croscarmellose 200
stalline cellulose, calcium stearate, sodium carboxymethyl starch 140
ellose sodium, calcium stearate, potato starch 100
ellose sodium, calcium stearate, potato starch 100
um stearate, corn starch 100
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Table 2
Summary of dataset, new and suspicions tablets of class L6.

Name Marker*) Batch Tablets Comments

Ln 1 10 New genuine tablets of class L6
S1 j 2 4 Source: drugstore
S2 h 1 10 Source: illegal warehouse, shelf 2
S3 s 1 7 Source: illegal warehouse, shelf 3
S4 4 4 8 Source: illegal warehouse, shelf 4
S5 N 3 3 Source: illegal warehouse, shelf 5. No secondary packages
S6 } 2 5 Source: illegal warehouse, shelf 6. No secondary packages

*) Used in Fig. 3.

Fig. 1. Normalized spectra. (1, red) intact tablet through PVC; (2, blue) intact tablet without PVC; (3, black) PVC alone; (4, green) API; (5, yellow) lactose. (For interpretation of
the references to colour in this figure legend, the reader is referred to the web version of this article.)
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partly mask the spectrum of the tablet itself. In other regions, PVC
film is almost transparent to the NIR irradiation. It is worth to men-
tion that usually aNIR spectrumof organicmatter haswide overlap-
ping peaks, so the tablet components are not presented by the
isolated narrow bands, but are shown as broad peaks in several
NIR ranges. Thus, the tablet measurement through the blister is
reasonable.

A Loratadine tablet contains API in a rather low concentration,
from 5 to 10 w/w%. The tablets produced by L6 have 10 w/w% of
API and 70 w/w% of lactose. Therefore, the main spectrum profile
is the spectrum of lactose. However, it is possible to single out
the API absorption bands, for example, in the region round 6009
cm�1 (see insert in Fig. 1).

Measuring the tablet through the blister, we deal with a rather
complex system, the entire spectrum of which is a combination of
the API spectrum, the spectra of excipients, and the PVC spectrum
(see Fig. 1, curve 1). As was mentioned above, we consider a rem-
edy as an entire object, and analyze the complex spectra, which
carry information regarding various tablet constituents.

NIR spectra are acquired in the interval 4000–12,500 cm�1 with
a resolution of 8 cm�1 using the FT-NIR spectrometer (MPA by
Bruker Optics) equipped with a handheld fiber-optic probe (FP).
Each time triplicate readings are made to control reproducibility.
Replicas are averaged for data analysis. The informative range
4150–9000 cm�1 was chosen for data analysis. Spectra are pre-
processed by the standard normal variate (SNV) procedure [19,20].
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2.4. Visualization instrument

VisCam is used for a visual analysis of the primary and sec-
ondary packages. This device was specially designed by the
ArtPhotonics [21] company at the request of our laboratory. Vis-
Cam is a rather simple but helpful instrument, which combines a
tenfold web-camera with different light sources: ordinary white
light, and several narrow band sources with wavelengths at 256
nm, 540 nm and 740 nm. The device presents images on the con-
nected computer and can save them in jpeg format.
2.5. Authentication procedure and chemometric analysis

To reveal an SF medicine we should answer the question
whether a sample is, in fact, what it is declared to be. Thus, we
should solve an authentication problem [22]. A special class of pat-
tern recognition methods, called one-class classifiers (OCC), is used
for this purpose. The distinct features of this approach are as fol-
lows. For each class of interest, referred to as a target class, a sep-
arate OCC model, a classifier, is built. The target class is defined by
the representative set of genuine objects. These samples are col-
lected in the training and test sets and they present possible vari-
ations inside the target class. Both training and test sets are used to
develop a model and for estimation of model sensitivity, which is
the share of correctly identified samples of the target class. It is
desirable to apply an additional validation set, which consists of
samples from extraneous classes. These samples are used to assess
specificity, which is the portion of objects of an alternative class
that are correctly identified as aliens with respect to the target
class. Theoretically, alien objects may be as close to a target class
as possible. Therefore, the choice of alien objects is important for
assessing the model specificity.

The DD-SIMCA method [23] is used to develop a decision rule
(threshold), which delineates the target class from all other
samples. The method also provides a possibility to theoretically
Th



Table 3
Summary of the basic features of the models.

Class Number of PCs Optimal a-value Sensitivity (%) b-value correspondent to the opt. a-value Specificity (%)

L1 2 0.01 98 �0 100
L2 4 0.01 98 0.001 (L3) 100
L3 4 0.01 98 0.005 (L2) 100
L4 3 0.05 92 0.012 (L5) 100
L5 2 0.05 98 0.007 (L4) and 0.05 (L6) 100
L6 3 0.05 95 0.03 (L5) 100
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Fig. 2. DD-SIMCA results, the final L1 (a) and the interim L4 (b) models with 2 PCs. Markers are explained in Table 1. For a target class, closed markers present training objects
and corresponding open markers present test objects. (a) Curve 1 is a threshold for a = 0.01. (b) Two thresholds: a = 0.05 (solid curve 1) and a = 0.01 (dotted curve 2).
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calculate the model characteristics, such as the type I error, a, and
the type II error, b [23,24]. The training data are collected in the
(I � J) matrix X, where I is the number of samples and J is the
number of variables (wavelengths). At the first step, DD-SIMCA
applies the principal component analysis (PCA) to the X matrix.
The number of principal components (PCs), A, determines the
model complexity and this parameter essentially influences the
quality of classification. The greater the A value, the greater part
of the X variation is explained by the PCA decomposition. At the
same time, including superfluous components in PCA may result
in a model that accounts not only for the main class features, but
also for irrelevant noise. Therefore, the parsimonious principle is
often applied to choose the model complexity. At the second step,
DD-SIMCA calculates two distances for each object from the train-
ing set. They are the orthogonal (Euclidean) distance, and the score
(Mahalanobis) distance. DD-SIMCA finds data-driven estimates of
parameters that characterize the distributions of these distances.
It also establishes a threshold for the acceptance area in accor-
dance to the given value of the type I error, a. In case an alternative
class is available, DD-SIMCA provides the possibility to calculate
the type II b error with respect to this class.

In the result, we obtain a classifier that is characterized by the
model complexity, A, and the established threshold for the given
a-value. Agreement between the given a-value and sensitivity,
which is calculated post factum, is one of the important character-
istic of the model quality.
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3. Results and discussion

3.1. Development of the models

In this section, we explain the principles of the library model
development using the cases of L1-L6 products. For each manufac-
turer (see Table 1) we develop an individual OCC model using the
DD-SIMCA method. A genuine medicine of a certain manufacturer
defines the target class. A representative sample set, which takes
into account both within batch and between batches variations,
constitutes the training set. A test set consists of the genuine sam-
ples from the samemanufacturer selected from other batches. Both
the training and test sets are used to develop a model. Ideally, one
more (validation) set should be involved in the modeling. This set
includes the tablets, which are substandard or falsified with
respect to the target class. However, it is often difficult to find fal-
sified tablets for each target class. In paper [12], we suggested
using the tablets of the same type, but produced by other manufac-
tures in validation. These samples simulate the ‘high quality fakes’
from different sources and of various grades.

The models obtained for all six manufacturers are summarized
in Table 3. The optimal value of a was chosen in a way to reach
100% specificity. The b value was calculated in accordance to the
optimal a for each alternative class separately. Namely, in the case
when L1 is the target, classes L2-L6 are used as the alternatives. In
Table 3, the closest alien class is indicated in brackets after the b
value. Some alternative classes are reliably separated from the tar-
get class, but other classes are located close to the threshold. For
the models’ validation, we focus on those alternative classes, which
cause the difficulties in recognition.

For illustration of various difficulties met in the course of devel-
opment of the models, we present three of six models in details.

3.2. The L1 model

In this case, the target class is easily separated from all other
classes. Thirty-seven samples from four batches are used as the
training set and ten samples from one batch are used as the test
set. The model with 2 PCs reliably describes the target class at
a =0.01 with a sensitivity of about 98%. All samples from the alter-
native classes are located far from the threshold. The model
specificity equals 100%. Using the parsimonious principle we
Th
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Fig. 3. DD-SIMCA results, the L6 model, 3PCs, two thresholds: a = 0.05 (solid curve 1) and a = 0.01 (dotted curve 2). (a) Target class L6 (yellow triangles), class Ln (red
squares), extraneous class L5 (dots); (b) Recognition of the suspicious samples. Markers are explained in Table 2. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)

Table 4
Analysis of suspicious samples.

Group Set Number of samples b-value

A1 S3 7 0.083
A2 S1 + S2 14 �0
A3 S4 + S5 11 �0
A4 S6 5 �0
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consider that the model with 2 PCs is an admissible solution
(Fig. 2a). The L1 model is the simplest case we have encountered
in the study of Loratadines.
is
 a

rti
cl

e 
is

 p
ro

te
ct

ed
  b

y 
th

e 
co

py
rig

ht
 la

w
. Y

ou
 m

ay
 c

op
y 

an
d 

di
st

rib
ut

e 
th

is
 a

rti
cl

e 
fo
3.3. The L4 model

The L4 and L5 tablets have the same composition; they are pro-
duced by one manufacturer but at different sites. The manufacturer
has registered these two types of tablets as different products. The
similarity in composition causes difficulties in modeling of individ-
ual classes.

Forty tablets from four batches are collected in the L4 training
set. Ten tablets from another batch, not used in the training, are
employed for the model testing.

The model with two PCs and a = 0.05 fairly classifies the L4
samples with two extreme objects. This corresponds to the
selected value of the type I error, because 5% of 40 training samples
exactly equal 2. For a = 0.01, only one training object is classified as
an extreme. All the test objects are recognized as the target class
members. Interrupting the model development at this point (the
rigorous approach [25]), we can conclude that the obtained model
can reliably classify objects from class L4. At the same time, in case
we want to avoid not only false negative decisions (reject genuine
sample), but (even more important) to avoid false positive deci-
sions (accept counterfeit sample), we should validate the model
against alien objects (the compliant approach [25]). For this pur-
pose, we use all other classes as a collection of extraneous objects.
The model with 2 PCs and a = 0.01, accepts 34 out of 40 tablets
from class L5 as the members of the target class L4 (Fig. 2b). This
is not a surprise because the L4 and L5 samples have the same
composition. Moreover, 3 samples from class L6 are also wrongly
attributed to the target recognized as the target class objects. Sam-
ples from the remaining classes are located far away from the L4
acceptance area. With a purpose to improve the recognition, we
have developed a new model with 3 PCs. For a = 0.01 all the L4
samples (both the training and test sets) are reliably classified as
the target samples. All the L6 objects are now located far from
the acceptance area. Only two of forty class L5 samples are wrongly
attributed to the target class. To avoid this misclassification, we
can decrease the acceptance area, by choosing a=0.05. In this case,
no false positive decisions are obtained, but two samples from the
test set are wrongly classified as aliens. This example demonstrates
a possibility of the risk management in model development.
Decreasing the acceptance area, i.e. increasing a value, we increase
a chance of false negative decision, but, at the same time, decrease
a chance to accept falsified tablets as the genuine ones.

3.4. The L6 model

This model deserves special attention. Firstly, the L5 samples
are hardly separated from the L6 class. The second reason is that
just this model is used for the analysis of the suspicious samples
(S1-S6) which have been labeled as the L6 tablets.

Sixty L6 tablets from six different batches are collected in the
training set. Thirty L6 tablets from the three other batches com-
prise the test set. The model with 2 PCs, reliably recognizes all
the samples from the training and test set, but it demonstrates
low specificity, because the samples from the alternative class L5
are located close to the threshold. For a = 0.01 nine of the forty
L5 samples are misclassified as the target objects. For a = 0.05,
three L5 samples are wrongly accepted as target objects. The model
with 3 PCs and a = 0.05 provides a sensitivity of 98% and specificity
of 100% (see Fig. 3), and it is used as the ultimate model for L6 class.
4. New and suspicious samples

4.1. NIR based analysis

For the NIR based analysis we apply the library model for L6
(see Table 3). Due to our previous study, this is the most reliable
model, which provides a stable recognition of alien objects, even
those which are very similar to the L6 samples. However, the L6
model has been developed several years ago, so it should be vali-
dated against new genuine tablets, Ln (see Table 2). The validation
shows that 2 out of 10 Ln samples are misclassified as aliens. How-
ever, these extremes are located very close to the threshold (the
red open squares near curve 1 in Fig. 3a). Since the L6 model
employs a=0.05, the value of 2 hits the binomial range for the tol-
erance of 0.95 [23]. Extending the acceptance areas for a = 0.01
Th
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Fig. 4. NIR spectra after SNV correction. (1, red) average genuine spectrum for class L6; (2, green) average spectrum of group A2; (3, blue) average spectrum of group A4; (4,
dotted) spectrum of microcrystalline cellulose. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 5. Tenfold images of secondary packages. Differences are marked in red. a) Genuine box illuminated by white light; b) Falsified box illuminated by white light; c) Genuine
box illuminated by UV light; d) Falsified box illuminated by UV light. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)
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(curve 2 in Fig. 3a) we can decrease the risk of wrong rejection of
the target objects. Really, in this case we observe that only one
sample is wrongly rejected and the binomial distribution confirms
that this is an admissible result. Therefore, we can conclude that
the L6 model is still actual, although it gives somewhat worse
results than was initially expected. We can suppose that this is
due to some anticipated changes in the manufacturing process
and, in the future, this model should be updated.

Application of the L6 model to the suspicious samples is pre-
sented in Fig. 3b. It can be seen that we are dealing with the suspi-
cious samples of various grades. The DD-SIMCA method provides a
possibility to reveal groups inside the alien objects and to calculate
the b value for each alien group separately [24]. The results are col-
lected in Table 4.

DD-SIMCA determines tablets from set S3 (open dots in Fig. 3b)
as a specific group, further referred to as group A1. It is located very
close to the threshold. The NIR spectra of the S3 samples and gen-
uine samples are difficult to distinguish visually. For a=0.05, all
tablets from group A1 are classified as aliens and b-value equals
0.083. In case we extend the acceptance area, choosing a=0.01,
one suspicious tablet is recognized as a member of the target class
L6 and the corresponding b-value increases to 0.21. It is interesting
that the S3 samples have the same batch number as suspicious
samples from the drugstore, referred to as the S1 set.
Th



Fig. 6. Visual comparison of blister backside. a) Genuine; b) SF.

Table 5
Summary of dataset, new and suspicions tablets of class L6.

Name Marker NIR
classification

Routine
tests

Visual analysis

S1 j Rejected Failed Differences in secondary
packages

S2 h Rejected Failed Differences in secondary
packages

S3 s Rejected*) Failed Differences in secondary
packages

S4 4 Rejected Passed Differences in secondary
packages

S5 N Rejected Failed Differences in blister
backside

S6 } Rejected Passed Differences in blister
backside

*) Located close to the acceptance area.
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The samples from the drugstore, set S1, are marked as the black
squares, and they are assigned to group A2 by DD-SIMCA. The A2
group also includes the S2 tablets seized from the warehouse. All
groups except A1 are located rather far from the acceptance area;
and they do not cause any difficulties for the NIR analysis. The val-
ues of the type II error for these groups are close to zero.

Samples from the S4 and S5 sets comprise group A3. Although
group A2 is located far from the threshold, its spectra are close
to the genuine ones (see Fig. 4).

The S6 samples form group A4, and their NIR spectra (the blue
curve 3 in Fig. 4), notably differ from the genuine ones (the red
curve 1). Analyzing the spectra, we can assume that in these tablets
lactose monohydrate (the main excipient) has been substituted
with microcrystalline cellulose (curve 4 in Fig. 4).

The results of NIR analysis allow us to conclude that all tablets
in sets S1-S5 are the SF samples.
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4.2. Routine laboratory tests

The HPLC tests have confirmed that all the suspicious samples
do contain Loratadine as an API. The S4 and S6 samples fully com-
ply with the L6 specification. It is worth to emphasize, that the
specification protocols make no provision for the analysis of excip-
ients. This is the reason why the samples, like those from set S6,
have passed the specification tests, in spite of the fact that their
spectral profiles differ from the genuine L6 spectrum.

For other suspicious samples, the main violated indicators are
the average mass, and the uniformity of dosing.

Thus, paradoxically, the routine laboratory tests could only
detect the SF samples in groups A1 and A2, which are the most
similar to the target class L6 (see Fig. 3b) .

The possible lack of conventional tests’ sensitivity and/or speci-
ficity is also underlined and reported in references [6,7,26].
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4.3. Visual inspection

The VisCam visual inspection of the PVC blisters as well as the
secondary packages confirms an illegal nature of the suspicious
samples. For groups A1, A2, and A3 the secondary packages, carton
boxes, manifest evident differences in the printing quality. The dif-
ferences can be found in the enlarged images illuminated by white
light (Fig. 5a and b). Even more evident are the differences that can
be seen under the UV illumination (Fig. 5c and d).

The group A4 tablets have been seized without the secondary
packages. In this case, the inspection of the blister backside can
help to reveal differences. The examination of the blister folio using
the UV illumination (see Fig. 6) shows the inversed patterns –
upwards and downwards convexes. This fact shows that the gen-
uine and the SF tablets have been packed using different
equipment.

The usefulness of a similar handheld instrument have been pre-
viously announce by the US Food and Drug Administration (FDA)
Forensic Chemistry Center. A special Counterfeit Detection Device
3 (CD-3) was developed and tested [27]. However, there is no serial
production of these tools.

We can conclude that application of a carefully developed
model, which has been validated against very similar, but still alien
objects, helps us to recognize that all the seized tablets are not the
members of the target L6 class. It can be supposed that the group
A1 tablets have been produced by a genuine manufacturer, and
afterward packed illegally. We can only guess that the producer
committed violations in the technological process and this batch
was rejected as defective. The same conclusion can be reached
with respect to groups A2 and A3. However, in these cases the
standards’ violations are more significant. It can be supposed that
the tablets from groups A2 and A3 have a common origin. Group
A4 manifests an evident dissimilarity in composition of excipients
and therefore its origin differs from the other SF samples. The sum-
mary of the suspected tablets analysis is given in Table 5.
5. Conclusions

1. NIR-based analysis is an effective method to monitor medicine
quality, as it analyzes a drug as a whole, taking into account not
only the chemical composition, but also the physical properties
of the sample.

2. Compliance of a drug to its specification or to the compendial
tests can be insufficient for a conclusion that the medicine
has a genuine origin. It is often when the specification does
not contain the compulsory tests for the composition of
excipients.

3. Barcodes, overt, and covert printed signs help to identify coun-
terfeit medicines, but leave ample space for falsification, for
example, by repeatedly applied packages.

4. The SF medicines are a complex and multifaceted problem, and
there is no single approach and solution on how to combat
counterfeiting. Application of various methods helps to confirm
the findings of different tests.
Acknowledgement

ALP and OYR acknowledge a partial support within the Russian
state assignment № 44.2.11.0082-2018-0006.
Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.forc.2018.02.004.
Th

https://doi.org/10.1016/j.forc.2018.02.004


O.Ye. Rodionova et al. / Forensic Chemistry 8 (2018) 82–89 89

pe
rs

on
al

 u
se

 o
nl

y.
 O

th
er

 u
se

s 
ar

e 
on

ly
 a

llo
w

ed
 w

ith
 w

rit
te

n 
pe

rm
is

si
on

 b
y 

th
e 

co
py

rig
ht

 h
ol

de
r.
References

[1] http://www.ema.europa.eu/ema/index.jsp?curl=pages/special_topics/general/
general_content_000186.jsp&mid=WC0b01ac058002d4e8 Accessed January
09, 2018.

[2] http://www.who.int/medicines/regulation/ssffc/definitions/en/ Accessed January
09, 2018.

[3] http://roszdravnadzor.ru/marking Accessed January 09, 2018.
[4] K. Dégardina, Y. Rogg, P. Margot, Forensic intelligence for medicine anti-

counterfeiting, Forensic Sci. Int. 248 (2015) 15–32.
[5] F.M. Fernandez, D. Hostetler, K. Powell, H. Kaur, M.D. Green, D.C. Mildenhalld,

P.N. Newton, Poor quality drugs: grand challenges in high throughput
detection, countrywide sampling, and forensics in developing countries,
Analyst 136 (2011) 3073–3082.

[6] H.K. Srivastava, S. Wolfgang, J.D. Rodriguez, Expanding the analytical toolbox
for identity testing of pharmaceutical ingredients: Spectroscopic screening of
dextrose using portable Raman and near infrared spectrometers, Anal. Chim.
Acta 914 (2016) 91–99.

[7] A.M. Brustkern, L.F. Buhse, M. Nasr, A. Al-Hakim, D.A. Keire, Characterization of
currently marketed heparin products: reversed-phase ion-pairing liquid
chromatography mass spectrometry of heparin digests, Anal. Chem. 82
(2010) 9865–9870.

[8] K. de Cássia Mariott, R.S. Ortiz, D.Z. Souz, Th.C. Mileski, P.E. Fröehlich, R.P.
Limberger, Trends in counterfeits amphetamine-type stimulants after its
prohibition in Brazil, Forensic Sci. Int. 229 (2013) 23–26.

[9] M.C. Gaudiano, A. Borioni, E. Antoniella, L. Valvo, Counterfeit Adderall
Containing Aceclofenac from Internet Pharmacies, J. Forensic Sci. 61 (2016)
1126–1130.

[10] O. Ye. Rodionova, A.L. Pomerantsev, NIR based approach to counterfeit-drug
detection, Trends Anal. Chem. 29 (2010) 781–938.

[11] P.-Y. Sacré, E. Deconinck, T. De Beer, P. Courselle, R. Vancauwenberghe, P.
Chiap, J. Crommen, J.O. De Beer, Comparison and combination of spectroscopic
techniques for the detection of counterfeit medicines, J. Pharm. Biomed. Anal.
53 (2010) 445–453.

[12] O.Ye. Rodionova, K.S. Balyklova, A.V. Titova, A.L. Pomerantsev, Quantitative
risk assessment in classification of drugs with identical API content, J. Pharm.
Biomed. Anal. 98 (2014) 186–192.

[13] Hu. Changqin, Yanchun Feng, Lihui Yin, Review of the Characteristics and
Prospects of near Infrared Spectroscopy for Rapid Drug-Screening Systems in
China, J. Near Infrared Spectrosc. 23 (2015) 271–283.
r 
[14] I. Storme-Paris, H. Rebiereb, M. Matoga, C. Civade, P. Bonnet, M.H. Tissier, P.
Chaminade, Challenging Near InfraRed Spectroscopy discriminating ability for
counterfeit pharmaceuticals detection, Anal. Chim. Acta 658 (2010) 163–174.

[15] G. Sauzier, E. Reichard, W. van Bronswijk, S.W. Lewis, J.V. Goodpaster,
Improving the confidence of questioned versus known fiber comparisons
using microspectrophotometry and chemometrics, Forensic Chem. 2 (2016)
15–21, https://doi.org/10.1016/j.forc.2016.08.001.

[16] N.C. da Silva, R.S. Honorato, M.F. Pimentel, S. Garrigues, M.L. Cervera, M. de la
Guardia, Near infrared spectroscopy detection and quantification of herbal
medicines adulterated with sibutramine, J. Forensic Sci. 60 (2015) 1199–1205.

[17] Y.V. Zontov, O. Ye, Rodionova S.V. Kucheryavskiy A.L. Pomerantsev DD-SIMCA
– A MATLAB GUI tool for data driven SIMCA approach, Chemom. Intell. Lab.
Syst. 167 (2017) 23–28.

[18] O.Ye. Rodionova, K.S. Balyklova, A.V. Titova, A.L. Pomerantsev, The influence of
fiber-probe accessories application on the results of near-infrared (NIR)
measurements, Appl. Spectrosc. 67 (12) (2013) 1401–1407.

[19] R.J. Barnes, M.S. Dhanoa, S.J. Lister, Standard normal variate transformation
and de-trending of near-infrared diffuse reflectance spectra, Appl. Spectrosc.
43 (5) (1989) 772–777.

[20] T. Naes, T. Isaksson, T. Fearn, T. Davies, A user-friendly guide to Multivariate
Calibration and Classification, NIR Publications, Chichester UK, 2002.

[21] Available from http://www.artphotonics.de/ Accessed January 09, 2018.
[22] O.Ye. Rodionova, A.V. Titova, A.L. Pomerantsev, Discriminant analysis is

an inappropriate method of authentication, Trends Anal. Chem. 78 (4)
(2016) 17–22.

[23] A.L. Pomerantsev, O.Ye. Rodionova, Concept and role of extreme objects in
PCA/SIMCA, J. Chemom. 28 (2014) 429–438.

[24] A.L. Pomerantsev, O.Ye. Rodionova, On the type II error in SIMCA method, J.
Chemom. 28 (2014) 518–522.

[25] O.Ye. Rodionova, P. Oliveri, A.L. Pomerantsev, Rigorous and compliant
approaches to one-class classification, Chemom. Intell. Lab. Syst. 159 (2016)
89–96.

[26] X. Li, S. Arzhantsev, J.F. Kauffman, J.A. Spencer, Detection of diethylene glycol
adulteration in propylene glycol. Method validation through a
multiinstrument collaborative study, J. Pharm. Biomed. Anal. 54 (2011)
1001–1006.

[27] N. Ranieri P. Tabernero M.D. Green L. Verbois J. Herrington E.c. Sampson, R.D.
Satzger, Ch. Phonlavong, Kh Thao, P.N. Newton, M.R. Witkowski, Evaluation of
a new handheld instrument for the detection of counterfeit artesunate by
visual fluorescence comparison Am. J. Trop. Med. Hyg. 91(5) 2014 920–924.
Th
is

 a
rti

cl
e 

is
 p

ro
te

ct
ed

  b
y 

th
e 

co
py

rig
ht

 la
w

. Y
ou

 m
ay

 c
op

y 
an

d 
di

st
rib

ut
e 

th
is

 a
rti

cl
e 

fo
r y

ou

http://www.ema.europa.eu/ema/index.jsp?curl=pages/special_topics/general/general_content_000186.jsp%26mid=WC0b01ac058002d4e8
http://www.ema.europa.eu/ema/index.jsp?curl=pages/special_topics/general/general_content_000186.jsp%26mid=WC0b01ac058002d4e8
http://www.who.int/medicines/regulation/ssffc/definitions/en/
http://roszdravnadzor.ru/marking
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0020
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0020
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0025
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0025
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0025
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0025
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0030
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0030
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0030
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0030
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0035
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0035
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0035
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0035
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0040
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0040
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0040
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0045
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0045
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0045
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0050
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0050
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0055
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0055
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0055
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0055
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0060
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0060
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0060
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0065
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0065
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0065
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0070
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0070
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0070
https://doi.org/10.1016/j.forc.2016.08.001
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0080
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0080
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0080
http://refhub.elsevier.com/S2468-1709(18)30005-5/h9000
http://refhub.elsevier.com/S2468-1709(18)30005-5/h9000
http://refhub.elsevier.com/S2468-1709(18)30005-5/h9000
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0090
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0090
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0090
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0095
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0095
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0095
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0100
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0100
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0100
http://www.artphotonics.de/
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0110
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0110
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0110
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0115
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0115
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0120
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0120
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0125
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0125
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0125
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0130
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0130
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0130
http://refhub.elsevier.com/S2468-1709(18)30005-5/h0130

	Application of NIR spectroscopy and chemometrics for revealing of the ‘high quality fakes’ among the medicines
	1 Introduction
	2 Materials and methods
	2.1 Objects used for the library models
	2.2 New genuine and suspicious objects of class L6
	2.3 NIR measurements
	2.4 Visualization instrument
	2.5 Authentication procedure and chemometric analysis

	3 Results and discussion
	3.1 Development of the models
	3.2 The L1 model
	3.3 The L4 model
	3.4 The L6 model

	4 New and suspicious samples
	4.1 NIR based analysis
	4.2 Routine laboratory tests
	4.3 Visual inspection

	5 Conclusions
	Acknowledgement
	Appendix A Supplementary data
	References




