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Drug counterfeiting has become a
significant issue in the healthcare
community and the pharmaceutical
industry worldwide. As a result of
counterfeiting, patients can be threatened
by substandard drug quality or harmful
ingredients, and legitimate companies can
lose significant revenues. A rapid screening
technique such as near-infrared (NIR)
spectroscopy could aid in the search for and
identification of counterfeit products. In this
article, Prozac and many generic
formulations of fluoxetine hydrochloride
were used as models to test NIR for the
identification of counterfeit products.The
results showed that NIR was capable of
reliably distinguishing all but very similar
products from Prozac and was
demonstrated to be a useful tool for rapidly
screening samples suspected of being
counterfeits.
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ounterfeit medicines, products that are not made by the

authorized manufacturer but are presented to the con-

sumer as if they were, represent a significant problem to

legitimate manufacturers in the pharmaceutical indus-
try and a potential health threat to patients (1). Counterfeit
products may be subpotent, contain no active ingredient, or
even contain harmful substances. Examples of these hazards
can be found all over the world. For instance, in 1995 dozens
of children in Haiti and Nigeria died after taking counterfeit
medicinal syrups that contained diethylene glycol, an industrial
solvent (1). Counterfeit versions of Serostim and Nutropin,
which are growth hormones, and Neupogen, a cancer drug,
have been found in the United States (2). A substandard coun-
terfeit growth hormone also has been found in Europe (3), and
in Asia, one report cited an estimate that 90% of Viagra sold in
Shanghai, China, was counterfeit (4). A 1993 magazine article
reported that fake Tagamet containing aspirin instead of the
correct ingredient caused a woman’s ulcer to bleed and become
infected (5). These examples highlight the need to address the
serious health effects presented by counterfeiting.

The US government has responded to these incidents by
attempting to track and record possible counterfeiting in the
United States. For example, in February 1998 the US Customs
Service issued a consumer alert regarding misbranded or coun-
terfeit products from Mexico that could contain the wrong ingre-
dient (6). Karen Wolnik of FDA’s Forensic Chemistry Center
Inorganic Laboratory has cited examples of counterfeit drug
substances that are a concern for US pharmaceutical manufac-
turers and enforcement agencies (7). Also, in a statement to a
House of Representatives subcommittee hearing on counter-
feit drugs, Representative John Dingell (D-MI) expressed con-
cern about the ability of FDA to track and measure the coun-
terfeiting problem (8).

The financial repercussions of drug counterfeiting also pose
a hazard to the pharmaceutical industry because it constitutes
theft of an innovator’s intellectual property and of business
from other authorized manufacturers. The loss of revenue in
the global pharmaceutical industry as a result of counterfeiting
is estimated to be in the billions of dollars per year (9) or as
much as 5% of the world’s pharmaceutical market (10). The
Pharmaceutical Research Manufacturers Association (PhRMA)
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Figure 2: NIR spectral comparison results for generic fluoxetine samples with o results >20.

stated that counterfeiting is a particularly serious problem in
developing countries in which drug regulatory systems are weak
or criminal laws are not adequately enforced (1). Because of
poor intellectual property protection and the prevalence of
counterfeit drugs, PARMA has recommended that several coun-
tries, including China, Indonesia, Mexico, Lebanon, and sev-
eral countries in Central America, should be put on watch or
priority watch status. Illegal copies of prescription drugs also
have been found to originate in Sweden, Switzerland, and the
Czech Republic (11). One of the arguments against legislation
allowing drug reimportation is that a greater potential exists
for counterfeit drugs to enter the US market.

Manufacturers try to prevent or discourage counterfeiting as
much as possible by making products and packaging that are
difficult to copy. Various authentication systems for packaging
such as holographic images are available (10); however, deter-
mined counterfeiters can steal or copy these systems as well.

Detecting counterfeit products is one of the ways the indus-
try can combat this problem. Unfortunately, the complex trade
and diverse distribution systems throughout the world can make
detection difficult. If suspect samples are obtained, the initial
question is, “Is this the authentic product?” If a conclusion can-
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not be determined from the packaging or other information,
analysis of the product must be performed for comparison with
the authentic (usually the innovator’s) product. One or more
properties may serve as a “fingerprint” for a given manufac-
turer’s product. These properties include chemical character-
istics such as an impurity profile and excipient identity as well
as physical characteristics such as crystal form, particle size or
morphology, and thermal behavior. Analytical profiles, includ-
ing major and minor components, impurities, and isotopic
ratios, have been used as fingerprints to determine the source
of illicit drugs (12). Techniques such as Fourier transform in-
frared spectroscopy, X-ray powder diffraction, thermal gravi-
metric analysis, microscopy, and various forms of chromatog-
raphy have been used to check for fraud in the US generics
industry with the substitution of the innovator’s product as the
generic for use in bioequivalence studies (13—15). Kaine and
Wolnik used anion-exchange chromatography with electro-
chemical detection to identify counterfeit and relabeled infant
formulas (16). Eisenberg and Tillson used microscopic and spec-
troscopic techniques to identify counterfeit barbiturates and
amphetamines (17). Multiple protein characterization tech-
niques were used to detect counterfeit growth hormone in Eu-
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Tahle I: Characteristics of samples used for hlinded studies. PN refers to Prozac samples for which #is the specific
hatch. GM-N refers to generic samples for which // represents a given supplier and /V refers to a specific batch from
that supplier. Samples ahove the hiack line were identified as Prozac using NIR (continued on page 68).

P5 X X 1.524
P1 X X 1.608
P5 X X 1.903
P1 X X 2.017
P12 X X 2.183
P8 X X 2.594
P19 X X 2.834
P8 X X 2.897
P11 X X 3.164
P3 X X 3.240
P4 X X 3.453
P18 X X 3.772
P18 X X 4.083
P19 X X 4.652
P18 X X 5.240
G8-3 X X 7.098
G9 X 10.473
G7-1 X X 14.601
G7-3 X X 16.297
G1-2 X X 16.704
P-10 mg X X 29.238
G2-5 * X 29.525
G2-2 * X 30.717

66  Pharmaceutical Technology suNE 2002 www.pharmtech.com



Table I (continued): Characteristics of samples used for blinded studies.

G2-5

G2-1

G2-10 mg-1

G3

G1l1

G13

G12-1 X
G12-3 X
G14 X
G4-2 X
G5 X
G14 X

rope (3). Other techniques used for chemical fingerprinting to
determine drug origin or identify counterfeits include gas chro-
matography (18), ion chromatography (19), capillary elec-
trophoresis (20), and elemental analysis (21). Chemometric
techniques used to differentiate chromatographic impurity pro-
files of commercial drug products or to monitor the consistency
of a given drug product also could be used for drug counterfeit
identification (22-25).

A difficulty with most of these approaches is the resource-
intensive nature of the analysis. A systematic program for de-
tecting drug counterfeiting may require screening a large num-
ber of samples in a short period of time. Some simple tests have
been developed for screening purposes. An anticounterfeiting
kit that uses simple color tests and thin-layer chromatography
to check 15 products for identity and potency has been used in
Africa and the Philippines (26). Another test kit was used to
detect subpotent antimalarial counterfeits or those containing
no active ingredient (27).

A more sophisticated and selective technique is near-infrared
(NIR) spectroscopy, which has emerged as a powerful tool for
analysis of pharmaceuticals (28). As long as appropriate train-
ing sets are available, both qualitative and quantitative appli-
cations are possible with NIR. The technique is sensitive to both
the chemical and physical nature of the sample constituents and
can be performed rapidly with minimal sample preparation.
Representative applications include tablet identification (29);
determination of moisture (30), residual solvents (31), or ac-
tive ingredient potency (32); the study of blending operations
(33); and the detection of capsule tampering (34). NIR there-
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30.794

32.059

35.656

X X 63.451

X 73.348

X X 120.829
X 141.860
X 157.051
X 164.677
X 170.861
X 172.868
X 183.973

fore offers an excellent opportunity for use as a screening tech-
nique to detect counterfeit samples (35,36).

In this article, NIR is demonstrated as a helpful technique to
distinguish one product from others of the same type. Prozac
(fluoxetine hydrochloride), formulated as a 20-mg capsule, is
used as the example in this study because many generic fluoxe-
tine hydrochloride products are available worldwide to use as
challenges to the fingerprinting method.

Materials

To establish a standard spectrum, NIR scans were obtained for
50 different batches of Prozac capsules that were produced at
three plant sites. The batches represented material of various
ages ranging from freshly produced to just expired. The batches
also encompassed the variability expected from the manufac-
turing process and different batches of drug substance and ex-
cipients. Because an instrument had to be repaired, a standard
spectrum was reestablished using a training set of 16 samples.
This sample set was used for comparison with the last blinded
sample set.

Four blinded studies were performed to determine the ac-
curacy of the NIR method to distinguish Prozac from poten-
tial counterfeits. In addition to authentic Prozac samples that
were not part of the teaching sets, the sample sets included ma-
terial from various generic fluoxetine hydrochloride capsule
suppliers. These samples were not counterfeits, of course, be-
cause they did not purport to be Prozac. The generic samples
were used for test purposes as examples of formulations con-
taining fluoxetine hydrochloride that could mimic potential
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Figure 3: Spectral comparison of Prozac with a fluoxetine
hydrochloride (10 mg) lactose-formulated product. The maximum o
unit difference was 181.
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Figure 4: Spectral comparison of Prozac with a fluoxetine hydro-
chloride starch-formulated generic product. The maximum o unit
difference was 15.

counterfeits. The samples were chosen to represent formula-
tions similar to and different from Prozac in terms of excipi-
ents used. The samples containing starch might appear similar
to Prozac with the NIR method; however, the samples con-
taining lactose should appear to be quite different. For blind-
ing purposes, to improve the sensitivity of the measurement
and to eliminate major spectral differences as a result of cap-
sule color, the contents of the capsules were submitted in glass
vials and scanned with no further sample preparation.

Methods

A model 6500 NIR spectrometer with a rapid content analyzer
(Foss NIRSystems, Silver Spring, MD) was used to acquire spec-
tra from 1100-2500 nm at a digital resolution of 2 nm/point.
The capsule contents were emptied into a 3.6 X 1.4 cm glass
vial, and the reflectance spectra were acquired through the bot-
tom of the vial. Sixteen scans were averaged for each sample.
Analysis time was ~1 min/sample. The spectra were treated
with a standard normal variate (SNV) second-derivative cal-
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culation, and the overall average spectrum was determined for
the 50-sample training set. A segment of 16 nm was used, which
resulted in a 7-point moving average smooth. For spectral com-
parisons, the maximum distance in wavelength space, resulting
in standard deviation (o) units, was calculated (37). The largest
difference in the training sample set was 5.030 from the library
mean spectrum. For unknown samples, the sample was required
to have a =50 variance from the average to be designated dif-
ferent from Prozac. Excipients in generic samples were identi-
fied by nuclear magnetic resonance spectroscopy as described
previously (38).

Results and discussion

Table I and Figures 1 and 2 show the characteristics of the
samples analyzed and the results from the blinded studies. The
samples are arranged according to the spectral result charac-
terized as the maximum o unit difference from the average
Prozac spectrum. As with the Prozac training set, one Prozac
20-mg capsule was outside the 50 limit and would have been
flagged as a potential counterfeit. Although most generic sam-
ples were distinguished easily from Prozac, samples from one
manufacturer that were formulated with excipients similar to
those in Prozac gave results bordering on the identification
threshold. Three lots from this supplier (G8) were tested. In-
cluding replicate analyses, results ranged from 3.89 to 7.170,
with one-half of the results above the 50 threshold and one-
half below. This shows the difficulty in distinguishing very simi-
lar formulations from each other. Misidentification of a generic
sample probably would not have adverse health consequences
because the sample would be similar to Prozac. A lower thresh-
old level would cause more-frequent misidentification of
authentic Prozac and could lead to unnecessary additional
investigations.

A 10-mg Prozac capsule was distinguished easily from the
20-mg strength (o = 29.2). This result indicated that the NIR
method was capable of detecting subpotent samples or those
containing no active ingredient.

The generic sample results were divided into three groups
according to range of o results: ~5-17, 29-75, and >120. These
groupings also corresponded to some of the known formula-
tion characteristics. The samples formulated with lactose showed
the greatest differences from Prozac (see Figure 3). All samples
containing glycerol as a lubricant were in the middle group with
o values between 29 and 64. Lower-dose formulations, includ-
ing 10-mg Prozac capsules, also showed values in this range.
Not surprisingly, the generic samples formulated with starch
and silicone gave results closest to those of the Prozac samples.
Figure 4 shows the spectra for Prozac and a similarly formu-
lated generic. Classification of an unknown counterfeit sample
into one of the groups shown in Table I may help determine
the source of the product.

A question not related to counterfeiting is whether NIR re-
sults can be used to distinguish the manufacturing site that pro-
duced a given Prozac capsule. Although some differences existed
among spectra for some samples from various plant sites, most
spectra were indistinguishable. The spectral distributions over-
lapped enough to prevent reliable identification of the plant site.
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Conclusion

The potential for NIR as a rapid screening
tool to detect counterfeit drug products
has been demonstrated using Prozac and
generic fluoxetine hydrochloride products
as examples. Once the spectral library has
been established, a process that can take
one to several days, a sample can be ana-
lyzed in less than one minute. The need to
reestablish the library following a signifi-
cant instrument repair was one limitation
of this technique. This method used for
Prozac easily identified generic products
with various excipients as well as subpo-
tent products. It could distinguish some
generic manufacturers using the same ex-
cipients in a similar formulation. One
generic product, apparently with a very
similar formulation to Prozac, could not
be distinguished reliably. Although NIR
cannot be 100% accurate with samples that
might appear in the future, the likelihood
of an incorrect result is small. Further opti-
mization of sample presentation or statis-
tical analysis could result in even better
discrimination of samples in this study.
Once identified as a counterfeit by NIR, a
sample could be characterized by other
techniques to provide confirmation and
additional information.
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