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Introduction

e existence of counterfeit designer clothes, handbags and watches
is well known and there is a growing public awareness of the existence
of counterfeit medicines arising from the ‘lifestyle’ drugs Viagra and
Cialis. Counterfeiters are now also focusing on prescription medicines
including ‘lifesaving’ medicines for cancer and heart disease [1-3].
For patients the use of counterfeit medicines can result in unexpected
side e ects, treatment failure or even death. Counterfeit medicines are
in fact a vast global problem impacting not only on the developing
countries but also on the developed countries with e ective regulatory
systems and market control. In the last decade conservative estimates
suggest that, taken globally, 10% of all medicines are counterfeit [3,4].

e World Health Organisation de nes a counterfeit medicine as ‘a
medicine which is deliberately and fraudulently mislabelled with
respect to its identity and/or source’ and may include but not limited to:
medicines containing no active ingredient, the wrong amount of active
ingredient, the wrong active ingredient, high levels of contaminants
and fake packaging.  ese statements apply to both branded and
generic products and to traditional medicines [5].

Controlling the quality of medicines available to the public is
challenging in both developed countries and those countries with
limited resources. Access to the internet increases the opportunities
for possible exposure to counterfeits such as Viagra where counterfeit
levels have been estimated to be as high as 70% of the products available
[6]. Less well-resourced countries struggle to provide the necessary
quality control and quality assurance (QC/QA) procedures to protect
the public from exposure to counterfeit medicines. In these countries,
where poor quality medicines continue to be a burden, there is neither
the analytical capability to identify a problem nor a su ciently strong
regulatory framework to take corrective action when counterfeit
medicines are identi ed [7].
er cllenrcinxl:su c¢-aminabed [7].
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[ Model K-measures] thel peakl intensity! relativel tol thel locall

baseline.

UV - Vis Instrument: UV spectra were collected using UV-Visible

spectrophotometer,! Helios] Gammal (T ermo! Electron! Corporationl
England).] T el studied! spectrall rangel was! 190-4001 nml with! al scanl

interval of 0.5 nm. e UV-Visible spectrophotometer was controlled
using the Vision Lite so ware 2.2 (Ueberlingen, Germany).

Methods

Individual nely ground samples of the reference materials and
the crushed tablets were placed on the diamond sampling head and
5 separate spectra recorded for each sample. is was repeated for 3
di erent powder portions from each sample. Comparison of these
results was used to identify characteristic ngerprint data for the target
active ingredient and also to assess the reproducibility of the data. Opus
7.2 integration methods were used in conjunction with the ngerprint
peaks to assess the potential to quantify the level of Paracetamol
present. Measured levels of API correspond to the percentage level
present in the nal tablet formulation and were related to the actual
dosage through the mass of the tablet. Calibration powder mixtures of
Paracetamol in magnesium stearate were prepared at 20, 30, 40, 60, 70,
80 and 90% of Paracetamol in the tablet, covering the di erent dose
levels in common UK OTC medicines. e spectra of these mixtures
were recorded as detailed above. Calibration graphs were prepared for
individual ngerprint peaks using each of the integration routines. e
data obtained for each ngerprint peak, using a particular integration
mode was then combined to give a mean result.  is quanti cation
approach was used to determine the level of the stated API in crushed
Paracetamol tablets obtained from eclectic sources around the world.
As a nal check on the validity of the data obtained the level of
Paracetamol in each tablet was determined by conventional solvent

extraction analysis in a method analogous to that cited by the British
Pharmacopoeia. e protocol used by Behera [23] was adopted for this
part of the study.

Results and Discussion
Spectral reproducibility

Replicate samples of the reference materials were run and
providing the instrumental conditions remained constant there were
no detectable di erences in peak positions in the ngerprint region
(1900-400 cm) between individual samples of the same material.
Some variations in signal intensity, between replicate samples were
initially noted but the cause was traced to either incomplete coverage of
the sampling area or to poor sample homogenisation. Once a standard
procedure was adopted reproducible spectral data was obtained across
the complete scan range (4000-400 cm-).

Fingerprint data

Characteristic ngerprint spectra for the selected excipients and
Paracetamol, recorded from the pure reference compounds, indicated
both the characteristic peaks for a particular compound and the regions
of spectral overlap.

Figure 2 shows the relatively simple spectrum obtained from
magnesium stearate and clearly indicates the presence of potentially
interfering peaks between 1700 and 1400 cm which should be avoided.
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Figure 3: Overlay of pure paracetamol (Upper) and a paracetamol tablet sample. Tharfenac (Lower).

1770 and 1716 cm* were only seen in this sample and were presumed
to be from the excipient mix in the tablet formulation.

In order to avoid major interference from the excipient peaks the
characteristic peaks selected for paracetamol for this investigation
were: 1225 cm?, 1172 em™, 1108 cm™?, 603 cm™.

Quanti cation

Individual calibration graphs, using each of the integration modes,
were plotted for the characteristic peaks selected. Data was recorded
from 5 replicate samples for each concentration. For brevity only one
example of these graphs is reproduced here (Figure 4) and the other
data is given as the calibration equation of best tand the associated r?
value to give an indication of the quality of the data.

Mode A

y=0.14x-10.7081]  (1225cm) r’=0.9922
y=0.0301x+0.3367 (1172cm) r’=0.9952
y=0.02x+0.662  (1108cm™) r2=0.9879
Mode B

y=0.0387xI-10.54371(1225cm"%) r2=0.9743
y=0.0071x-0.0486 (1172cm) r’=0.9855
y=0.0067x+0.0316 (1108cm*) r’=0.9877
y=0.0277x-0.3385 (603cm) r2=0.9927

Modell

y=0.0043x-10.0211(1225cm") r2=0.9837

y=0.002x+0.0056  (1172cm%) r2=0.9905
y=0.0014x+0.0307 (1108cm) r’=0.9864
Mode K

y=0.0018x-10.0323[(1225cm™*) r’=0.9734
y=0.0011x-0.0094 (1172cm™) r’=0.9807
y=0.0009x+0.0005 (1108cm) r’=0.9862

y=0.0018x+0.0157 (603cm) r2=0.9969

During this phase of the investigation the critical dependence
on good mixing was noted as indicated by r? values improving with
increased mixing time.

Qualitative results con rm that all the tablets tested contained
paracetamol. Quantitative assessment using the ATR approach gave
valueslaround!thatlexpected:forlalll thel sampleslexceptlforl Indial 4#20
(Table 1).Not only was the level of API too high but there was also
a large SD. e trace for this sample is shown in Figure 3 and as can
be seen the top of the peak at 1108 cm is in the same position for
both this sample and pure paracetamol.  is was not the case for the
other peaks selected for this work. Measurements using modes A and
Jwould thereforelproducelanlincorrect’high!APIllevellforithisisample.l

e combination of correct (1225, 1172 and 603 cm?) and arti cially
high data will result in the high standard deviation data observed.

is observation suggests that the discriminatory nature of the peak
at 1108 cm* is less good in this particular sample possibly due to the
presence of a second API in the tablet which contributes to the signal
at this wavelength.  ere may also be a contribution from the baseline
correction prior to data collection particularly for lower levels of
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paracetamol. e limit of quanti cation was shown to be around 15%
based on the tablet mass and for a real tablet this would be around
60 mg based on a 400 mg tablet. e very low SDs for the rst three
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ere would also be an additional time constraint of between 10 and
30 minutes per sample depending on the skill of the sta preparing the
KBr disc or mull samples. UV analyses took around 60 minutes per
sample versus only a few minutes for ATR FT/IR which also provided
unique identi cation information in the form of the spectral data
collected.  is method provides a quick and simple way to identify
counterfeit Paracetamol tablets and has the potential to be applied to
tablet formulations containing other APIs.
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