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REVIEW

Adulterated drug analysis using FTIR spectroscopy

Andrei A. Bunaciua and Hassan Y. Aboul-Eneinb

aS.C. AAB_IR research S.R.L, Bucharest, Romania; bPharmaceutical and Medicinal Chemistry Department,
Pharmaceutical and Drug Industries Research Division, National Research Centre, Dokki, Giza, Egypt

ABSTRACT
Infrared spectroscopy has been used to more and more to characterize
pharmaceutical products, even they are chemical substances or herbal,
in order to monitor some modifications and to detect fraudulent modi-
fications. This article reviews some of the most relevant papers related
to infrared spectroscopy utilization for adulterated drugs (chemical and
herbal) products analysis published between 2015 and 2020.
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1. Introduction

It is generally accepted that adulterated drug is a similar term to fake/counterfeit drug
and it is used for a false representation of: identity (such as name and fraudulent mis-
labeling with respect to content), source (e.g., country of origin and marketing author-
ization holder), composition (when the active principle and excipients can be replaced
partially or totally with similar substances, but cheeper), expirated formulations (authen-
tic products but degraded due to an improper storage) and in all the times does not
present quality parameters of the real pharmaceutical product.[1]

Historically speaking there are many analytical techniques used for the evaluation of the
authenticity of pharmaceutical preparations taking into account the content level of the Active
Pharmaceutical Ingredient(s) (APIs). The principal procedures are presented in the pharmaco-
peia documentations.[2–4] The most involved techniques are high-performance liquid chroma-
tography with UV detection,[5,6] liquid chromatography coupled with mass spectrometry,[7,8]

as well as gas-chromatography[9] and other techniques.[10,11] Even these techniques offer more
information about the studied samples and are very useful for the identification of examined
material they are also time-consuming and demands careful sample preparation process. Also
they demand expensive equipment as well as a high quality personal.
Spectroscopic methods are in most cases simple, nondestructive and cheeper in com-

parison with chromatographic methods. Taking into accounts these advantages, the
spectroscopic technique seems to be the best choice for a fast analysis of different sam-
ples. However, this type of methods cannot give all the information about the chemical
composition of the sample and point to its characteristic chemical markers. When cou-
pling with chemometric methods, principal component analysis (PCA) or cluster ana-
lysis (CA), they become a more powerful analytical tool.[12]
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For the specific detection of adulterated drugs, spectroscopic techniques are preferred
because they are fast and need only a little sample preparation or no preparation at all.
In developed countries, the most popular counterfeit drugs are lifestyle medicines like
the phosphodiesterase type 5 (PDE-5) inhibitor drugs: sildenafil citrate (ViagraVR ), tada-
lafil (CialisVR ) and more recently vardenafil hydrochloride (LevitraVR ).[13]

Infrared spectroscopic techniques, are useful methods with a large applicability for
screening medicines.[14–19] This review discusses the topical field of the analysis of adul-
terated drug. First we will introduce the reader to the concept of adulteration, followed
by a presentation of some papers published in the period 2015–2020, in the field of the
analysis of adulterated drugs, chemical and herbal products.

2. Adulterated concept

The phenomena of adulteration was first mention in 1985 at the World Health
Organization (WHO) conference of Experts on Rational drug Use in Nairobi, Kenya.[20]

After this conference, an exponential growth of this issue was noticed during all
through the years, and it was estimated by WHO, that 1 in 10 medical products (i.e.,
pills, vaccines and diagnostic kits) circulating in low- and middle-income countries is
either substandard or falsified.[21] Adulteration is a serious problem for world health,
where about 1 million deaths were reported annually, furthermore, the pharmaceutical
companies profit an estimate of more than 200 billion dollar (USD) from the market.
Taking into accounts the total reported samples declared as drugs adulterated, that

can be divided into six main groups:[19]

1. Products that do not include active substance, representing 32.1% of the cases;
2. Products that include the wrong amount of the active substance, representing

20.2% of the cases;
3. Products that are produced with the wrong material, representing 21.4% of

the cases;
4. Products that are made with correct amount of the active substance but fake

packaged, representing 15.6% of the cases;
5. The original copy of the exact product, representing 1% of the cases;
6. Products containing high amounts of contaminants, representing: 8.5% of the cases.

These results are presented in Figure 1.
Speaking about the terminology used, there are some problems because the term of

counterfeiting is most used related to the intellectual property, but also as a synonym of
trademark infringement and false or substandard products. In the case of drugs, the
phenomenon is often mixed up with that of quality, safety and efficacy of medicinal. As
a result in January 2018, WHO issued a key document to illustrate the basic concepts
behind the organized crime of medicine counterfeiting.[22]

� Substandard also called "out of specification", these are authorized medical prod-
ucts that fail to meet either their quality standards or specifications, or both.
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� Unregistered/unlicensed medical products that have not undergone evaluation
and/or approval by the National or Regional Regulatory Authority for the market
in which they are marketed/distributed or used, subject to permitted conditions
under national or regional regulation and legislation.

� Falsified medical products that deliberately/fraudulently misrepresent their iden-
tity, composition or source.

The terms substandard and falsified medical products (SF) is becoming more and
more used and represents both counterfeit, substandard and degraded drugs,[23] while
there is no globally accepted definition for these products. It can be noticed that in the
developed countries, the total reports of substandard and falsified drugs represent about
1% while in the other countries this level can be around 50% of all pharmaceut-
ical products.[24]

The principal problems associated with the phenomenon of adulterated drugs, i.e.,
the illegal production and their fraudulent marketing of pharmaceutical products were
studied taking into accounts the regulations of ten Member States and their national
criminal laws in order to combat counterfeiting EU medicines,[25] and it was concluded
that, the private and public sector, it is essential to carry out education campaigns, to
realize authentical technological processes and last but not least to correlated the inter-
national laws. The WHO employs this definition to accommodate the differences
between domestic legislations and the semantics of member states. In this definition,
three mutually exclusive classes are defined, namely substandard medical products,
unregistered/unlicensed medical products and falsified medical products. Adulteration,
was defined as ‘the addition of an impure or inferior component not ordinarily part of
that substance or removal of a crucial entity usually used to imply that a substance is
debased (desecrated) as a result’.[26]

In this paper, the expression “adulterated medicinal products” will be used for all sus-
pected products. Adulteration can be found to both branded and generic products and
may include products with the correct ingredients or with the wrong ingredients, with-
out active ingredients, with insufficient active ingredient or with fake packaging.[27,28]

In a strictly manner speaking, an adulterant is a pharmacologically active substances
with properties similar to the drug itself, which are added to offset the potency lost in

Figure 1. Representation of drug adulteration distribution.
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dilution. A report from the International Pharmaceutical Students’ Federation[29] has
indicated that from the great number of drugs there are some more counterfeited than
others, such as those high-consumption, expensive and innovative ones. So we can find
here antibiotics, hormones and steroids.
The fact that more and more products are falsified is a major issue for public health

as well as for pharmaceutical companies, due to unfair competition, infringements on
intellectual property rights and the high costs of safeguarding supply chains.[21,30–32]

Last but not least, the most important is the human cost, due to the increased morbidity
and mortality rates reported when falsified medical products have been utilized, ranged
from two hundred thousand up to one million per year.[32]

The growth of pharmaceutical adulteration is a major public health problem. This growth
is resulting in a proportional increase in the number of samples that medicines control lab-
oratories have to test. Thus the need for simple and affordable preliminary screening meth-
ods to be used by inspectors to decide in the field whether to collect a sample for further
laboratory analysis or not. Taking into account the fact that more and more adulterated
products are penetrating into the open market, it was necessary to realize a product authen-
tication approach in order to trace and track the product anytime, anywhere.
The battle against counterfeit drugs has only just begun and it will be a long road ahead

for those involved in getting rid of this illegal trade. Peter Lowe of the ICC’s Counterfeiting
Intelligence Bureau has concluded that: “Despite existing regulatory and legal efforts, the
counterfeiting of pharmaceuticals remains a very serious public health concern”.[33]

3. Adulterated drugs applications

Before starting to present some of the drugs adulterated, it is very important to mention
the fact that in the studied period of time was published several editorials[27] and
reviews in the field of interest. Some of them present a survey on cases of toxicity due
to chemical adulterants in herbal drugs,[34,35] other data on chemical drugs adulter-
ation[19] or various analytical methods used for detection.[34,36–38]

In a recent research by Lawson et al.,[39] an ATR-FTIR method (Attenuated Total
Reflectance—Fourier Transform Infrared) was used in order to distinguish between genu-
ine and falsified paracetamol tablets, after a previously report.[40] There is also a similar
report from the USA where 500mg paracetamol tablets were determined as 325mg.[41]

The data presented in Figure 2 shows the close agreement between the reference
spectra for pure Paracetamol (upper) and the data obtained the analysis of the powder
from a crushed Paracetamol tablet (lower trace). This close agreement between the spec-
tra confirms the presence of Paracetamol in the tablet formulation.
Taking into account all the characteristic fingerprint spectra of the excipients from

the drugs, was noticed the presence of potentially interfering peaks between 1700 and
1400 cm�1 which should be avoided. For better results, different sides of the same tablet,
were studied with ATR-FTIR method (blue and red traces in Figure 3). A more intense
and reproducible signal was obtained from the crushed powder samples shown in black
in Figure 3.
Dextrose, or D-glucose (C6H12O6), is a simple sugar usually obtained by the hydroly-

sis of starch. Has many uses in pharmaceutical industry, where it is commonly found as
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Figure 3. Paracetamol tablet crushed (Black), Whole tablet top (Blue), Whole tablet bottom (Red).
Reproduced with permission from Lawson, G., Ogwu, J., and Tanna, S. (2018) Quantitative screening
of the pharmaceutical ingredient for the rapid identification of substandard and falsified medicines
using reflectance infrared spectroscopy. PLOS ONE, 13(8): e0202059.

Figure 2. Overlay of pure paracetamol (Upper) and a paracetamol tablet sample Tharfenac (Lower).
Reproduced with permission from Lawson, G., Ogwu, J., and Tanna, S. (2014) Counterfeit Tablet
Investigations: Can ATR FT/IR Provide Rapid Targeted Quantitative Analyses?. Journal of Analytical &
Bioanalytical Techniques, 5: 214.
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an active ingredient in parenteral solutions and as an excipient (as a sweetener, reducing
agent, bulking agent and soluble carrier for the active pharmaceutical ingredient (API).[42]

Figure 4 presents comparatively the NIR spectra for dextrose monohydrate, dextrose
anhydrous and other related excipients.
It was concluded that using library-based spectral correlation method NIR was able

to distinguish dextrose both from other substances and simple sugars as well as by dex-
trose hydration state using the 0.95 correlation threshold.
Traditional herbal medicines (THMs) are more and more used all over the world for

the simple reason of being entirely natural alternatives, and a general perception that
they are safe. However, there are reports related to adulteration with undeclared syn-
thetic drugs or their structurally modified analogues.[27,28,34]

Figure 4. Near-infrared (NIR) spectra for dextrose monohydrate, dextrose anhydrous and other
related excipients.
Reproduced with permission from Srivastava, H.K., Wolfgang, S., and Rodriguez, J.D. (2016) Expanding
the analytical toolbox for identity testing of pharmaceutical ingredients: Spectroscopic screening of
dextrose using portable Raman and near infrared spectrometers., Analytica Chimica Acta, 914: 91-99.
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Notoginseng, also named Sanqi in Chinese, is one of the most common herbs used in
traditional Chinese medicine (TCM) due to its beneficial effects as an anti-inflammatory
and its ability to promote blood circulation.[43] Usually it is adulterated with sophora
flavescens powder (SFP), corn flour (CF) or other analogues of low-grade (ALG)
because of their similar tastes, appearances and much lower cost. It The possibility to
use near-infrared (NIR) coupled with multivariate calibration was studied for identifying
and quantifying several common adulterants in notoginseng powder.[44]

Figure 5 presents comparatively the NIR spectra of pure notoginseng powder and
two common adulterants.
The work confirms the feasibility of combining of NIR spectroscopy, CARS

(Competitive Adaptive Reweighted Sampling) and PLS (Partial Least Squares) for quan-
tifying several common adulterants in notoginseng powder (Figure 6).
Aquilariae Lignum Resinatum (ALR) is the resin-rich wood of Aquilaria sinensis

(Lour.) Gilg,[45] which is an expensive botanical perfume but also a kind of valuable
traditional Chinese medicine. Taking into account the economically motivated adulter-
ation of ALR, the natural process of obtaining the authentic ALR takes tens or hundreds
of years. The second derivative infrared (SD-IR) spectroscopy and two-dimensional cor-
relation infrared (2D-IR) spectroscopy were used to resolve the overlapped signals and
reveal more differences of the authentic and adulterated ALR.[46]

Dendrobium, the largest family of Orchidaceae, is widely distributed in tropical and
subtropical Asia as well as Australia. From the 78 species known in China, about 40 are

Figure 5. NIR spectra of pure notoginseng and two adulterants.
Reproduced with permission from Chen, H., Tan, C., Lin, Z., and Li, H. (2019) Quantifying several adul-
terants of notoginseng powder by near-infrared spectroscopy and multivariate calibration.
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 211: 280-286.
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regarded as Shihu or Huangcao in traditional and folk medicine, but only three species (D.
nobile, D. chrysotoxum, and D. fimbriatum) are officially recorded in the 2015 Chinese
Pharmacopeia as Shihu.[47] A study was performed in order to investigate the ability of
spectral fusion, near-infrared and ultraviolet-visible spectroscopy, and three main calibra-
tion models to identify 11 Shihu species belonging to the Dendrobium family.[48]

To show the difference of original spectra of 11 herbal Dendrobium plants, the aver-
age spectrum of each species is presented in Figure 7 for the wave number region of
10000–4000 cm�1.
The results indicate that the combination of near-infrared and ultraviolet–visible

spectra combined with supervised recognition was an effective authentication strategy for
supervision and regulation of various Shihu herbal products used in Chinese herbal medi-
cine. In a similar study, near-infrared coupled with chemometric methods, Principal
Component Analysis (PCA) and Hierarchical cluster analysis (HCA), was used to distin-
guish Dendrobium officinale from non-Dendrobium officinale.[49] Results were in good
agreement with a (High Performance Liquid Chromatography) (HPLC) method.
The identification of a specific plant in herbal preparations or plant food supplements

is a real challenge. Because in almost cases they are powdered, mixed with other herbal
or synthetic substances and compressed into tablets or capsules, it is almost impossible
to use a micro- and macroscopy approaches.[50,51]

Figure 6. FT-IR spectra of the standard and adulterated ALR. (a) the standard ALR; (b -d) the adulter-
ated samples.
Reproduced with permission from Qu, L., Chen, J.B., Zhou, Q., Zhang, G.J., Sun, S.Q., and Guo, Y.Z.
(2016) Identification of authentic and adulterated Aquilariae Lignum Resinatum by Fourier transform
infrared (FT-IR) spectroscopy and two-dimensional correlation analysis. Journal of Molecular Structure,
1124: 216-220.
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NIR microspectroscopic imaging test was performed in the transmission mode. The
stigmas of saffron and the petals of safflower were placed on a piece of glass slide, then
the slide was fixed on the motorized microscope stage.[50]

As presented in Figure 8, the appearances of saffron stigmas and safflower petals are
very similar. But the pseudo-color score image of the first two principal components
clearly show two clusters of the entities. The entities of cluster A (saffron stigmas) have
high scores on both of the first two principal components, so the corresponding pixels
show the mix color of green (the first principal component) and red (the second princi-
pal component). The entities of cluster B (safflower petals) only have high scores on the
first principal component, so the corresponding pixels show the color of green propor-
tional to the scores of the first principal component. The spectra of typical pixels should
be examined to find the reason for the clustering.
The authentication of the packaging is an important step in the detection of adulter-

ated medicines. Both chemical and packaging investigation of suspect samples are
needed, since every part of a medicine can be adulterated.[52]

Figure 7. Raw near-infrared spectra in the authentication of Shihu species. The dotted lines show
common absorption peaks in the Shihu species.
Reproduced with permission from Wang, Y., Zuo, Z.T., Shen, T., Huang, H.Y., and Wang, Y.Z. (2018)
Authentication of Dendrobium Species Using Near-Infrared and Ultraviolet–Visible Spectroscopy with
Chemometrics and Data Fusion. Analytical Letters, 51(17): 2792-2821.
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The chemical composition of herbs may vary depending on the species, location of
growth, age, harvesting season, drying conditions, and other factors.[53] Therefore, a lot of
studies are required to make quick and reliable quality control at any stage of herbal
medicine (HM) production as well as during the storage process, to obtain feedback.[54,55]

While there are a lot of papers for the authentication of the drugs are cited, only few
papers related to the analysis of packaging of suspected products are published. In a
recent paper, the quality of the carton board of the boxes and the paper of the leaflets
together with the ink of the printing have been studied by Infrared Attenuated Total
Reflection (ATR), Raman and XRF (X-ray fluorescence) spectroscopy.[56]

In Figures 9 and 10 present comparatively the FTIR spectra of carton and carton ink
respectively for genuine and five samples of adulterated packaging products. The main

Figure 8. NIR microspectroscopic imaging of the model mixture of saffron stigmas and safflower pet-
als. (a) Visible image showing the region selected for the NIR imaging test; (b) Pseudo-color score
image of the first two principal components showing four typical pixels; (c) NIR spectra of the
selected four typical pixels.
Reproduced with permission from Chen, J.B., Zhou, Q., and Sun, S.Q. (2016) Adulteration screening of
botanical materials by a sensitive and model-free approach using infrared spectroscopic imaging and
two-dimensional correlation infrared spectroscopy. Journal of Molecular Structure, 1124: 262-267.
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differences between the adulterants and the genuine box have been highlighted. It can
be noticed that there are differences also between the authentic and the adulterants.

4. Conclusions

It is clear from the results of this review that adulterated drugs present a great impact
both directly and indirectly on global public health and remain a serious problem.
Infrared spectroscopies, MIR (mid infrared) or NIR, are fingerprint analytical techni-
ques commonly used for discrimination and authentication of pharmaceutical prepara-
tions. Coupled with chemometrics of pattern recognitions these spectra could be treated
to be more easily interpreted for making a decision regarding the adulteration practices.
The major advantages of FTIR methods are the following: methods are sensitive and

nondestructive or only slightly damage the sample; they require minimal sample prepar-
ation and small sample quantities for determination.[17] One of the essential features of
FTIR is the possibility to simultaneously determine different components in the same
sample from a single instrumental measurement. The significant benefit of ATR is the
ability to measure a wide variety of solid and liquid samples without requiring complex
preparations. But there are some disadvantages of the ATR sampling method, such as:
dependence of intensities on a wavenumber and shifts has essential implications on the
interpretation of spectra; a particular “ATR correction” function must be used to reduce
these differences; the spectral absorption area for the ATR sampling method is narrower
than other FTIR methods—it starts from 500 to 600 cm�1, and important fingerprint
region information might be lost. Compared to chromatographic procedures, spectral
analysis is simpler and do not require laborious sample preparation processes. The con-
ventional UV spectrophotometric analysis requires solvent extraction, dilution and fil-
tration prior to analysis and generation of results. Even infrared spectroscopy may not

Figure 9. FTIR spectra of a genuine carton and of the carton of the five adulterated products.
Reproduced with permission from D�egardin, K., Guillemain, A., Klespe, P., Hindelang, F., Zurbach, R.,
and Roggo, Y. (2018) Packaging analysis of counterfeit medicines. Forensic Science International, 291:
144-157.
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as popular as chromatographic methods such as HPLC or GC, but its noninvasiveness,
rapidity, and simple sample preparation make it a valuable analytical method and com-
plement to chromatographic methods.
The proper choice of the method allows for fast and accurate answers to questions

regarding quality of sample, geographical location, as well as its chemical composition.
The spectroscopic methods surely have many advantages, especially for the detection of
counterfeit medicines, when the spectrum of a sample can be compared to that of the
genuine product. However, in the analysis of illegal pharmaceutical preparations, like
imitated medicines or adulterated dietary supplements, these methods have the disad-
vantage of dealing with a whole sample approach, and there are necessity to use first an
extraction from the matrix and then separation on the TLC plate, chromatographic col-
umn or capillary, depending on the chosen technique.
Methods for the identification of pharmaceutical drugs by the means of infrared spec-

troscopy have been presented in this review in order to provide a quick investigation
tool for adulterated drugs detection.
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