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A procedure for quantitative determination of acetylsalicylic acid and acetaminophen in pharmaceuticals by PLS
(partia least squares) and PCR (principal component regression) treatment of FT (Fourier transform)-Raman
spectroscopic data is proposed. The proposed method was tested on powdered samples. Three chemometric
models were built: the first, for samples consisting of an active substance diluted by lactose, starch and talc; the
second, in which a simple inorganic salt was applied as an internal standard and additions were not taken into
account; and the third, in which a model was constructed for a commercial pharmaceutical, where all constituents
of the tablet were known. By utilising selected spectral ranges and by changing the chemometric conditionsit is
possible to carry out fast and precise analysis of the active component content in medicines on the basis of the
simplified chemometric models. The proposed method was tested on five commercial tablets. The results were
compared with data obtained by intensity ratio and pharmacopoeial methods. To appraise the quality of the
models, the relative standard error of predictions (RSEPs) were calculated for calibration and prediction data sets.
These were 0.7-2.0% and 0.8-2.3%, respectively, for the different PLS models. Application of these models to the
Raman spectra of commercial tablets containing acetylsalicylic acid gave RSEP values of 1.3-2.0% and a mean

accuracy of 1.2-1.7% with a standard deviation of 0.6-1.2%.

Introduction

Acetylsalicylic acid (ASA) and acetaminophen (AAP), or
paracetamol, are active ingredientsin anumber of pharmaceuti-
cal preparations. Nevertheless, the standard methods for their
guantitative determination require time-consuming treatment of
asample prior to measurement. The most popular methods are
based on UV-VISand IR (infrared) spectroscopy, sometimesin
conjunction with other techniques, eg., the stopped flow
injection method and HPL C (high-performance liquid chroma-
tography). Often volumetric analysisis applied. These methods
enable the determination of the ASA and/or AAP content in the
preparations, both separately and when mixed with other active
congtituents.1-6 The application of Raman spectrometry is far
less common, but owing to its noticeable progressin thelast few
decades, the Raman technique could be due for more genera
adoption for the qualitative and quantitative analysis of the
active ingredients in commercial drugs.”

The intensity of a Raman line is directly proportional to the
concentration of the scattering components of a sample in a
laser beam, according to egn. (1):

I = aC, 1)

where | is the intensity of the Raman scattering, C is the
concentration of the active ingredient and « is a coefficient
representing the features of the sample analysed and the
spectrometer conditions.8-11 |In the classical approach, an
internal or external standard is applied during quantitative
measurements. There are examples in the literature, where
starch and potassium nitrate have been used as interna
standards in the analysis of ASA and AAP solid mixtures by
Raman spectroscopy.1213 |n comparison to measurements in
liquid solutions, work with powdered samplesis more difficult.

t Electronic Supplementary Information available. See http://www.rsc.org/
suppdata/an/b1/b108240j/
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The heterogeneity of the sample could substantially influence
the accuracy and repeatability of the analysis.

FT (Fourier transform)-1R and FT-Raman quantitative analy-
sis of mixtures of well-defined systems with the application of
chemometric methods is a common procedurel4-16 The
calibration, validation and measured samples consist of the
same known ingredients, with concentrations varying over
known ranges. One problem that arises, however, isthat often it
isdifficult to find all the constituents of the sample. How then,
can we analyse such a system in areliable way?

Let us assume that the analysed sample consists of a few
active ingredients, which give strong Raman signals, and afew
other substances, which are weak scatterers. It is possible to not
consider at least some of these last compounds during the
analysis, by adding an internal standard and choosing adequate
rangesin the spectrum. A lot of pharmaceuticals consist of afew
active ingredients and a number of additives, which comprise
only a small percentage of the tablet weight. A full knowledge
of the pharmaceutical formulation enables the construction of a
well-defined analytical model. But pharmaceutical companies
use differing proportions of preservatives, stabilising and
suspending agents in one kind of particular formulation.

In thiswork we report the FT-Raman quantitative analysis of
some ASA and AAP tablets focussing on restricted calibration
sets, consisting of the main ingredients of the tablets only. As
the results presented show, it seems appropriate to apply
chemometric methods to this kind of analysis. The results
obtained using the PLS (partia least squares) and PCR
(principal component regression) methods are compared with
those obtained in the classical way from the band intensity ratio
and pharmacopoeia methods.

Experimental

A Nicolet Magna 860 FT-IR spectrometer, interfaced with an
FT-Raman accessory was used to carry out the measurements.
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The sampleswere illuminated by aNd:YV O, laser line at 1.064
um with apower of 0.35W at the sample, without a converging
lens. The interferograms were averaged over 128 scans, then
Happ—Genzel apodised and Fourier transformed using a zero
filling factor of 2 to give spectrain the 100-3700 cm—1 range at
a resolution of 16 cm—1. Under these conditions, it took
approximately 90 s to record a spectrum.

In order to obtain the calibration curves, samples with
suitable weight ratios of compounds were prepared by mixing
pure, solid substances in a mortar for a few minutes, to
homogeni se the powders properly.

Two different procedures were applied during the measure-
ments. In thefirst, the powders were placed in aglass tube, then
five spectrawere recorded for each mixture, with the position of
the sample tube being changed randomly for each spectrum
reading. An average spectrum was taken for analysis. In the
second, a pellet was prepared for each mixture in away similar
to that used in IR spectroscopy, then a Raman spectrum was
recorded using a rotating sample holder. The samples were
rotated at a speed of approximately 200 rpm. This latter
procedure improves the repeatability and enables the recording
time to be reduced by a factor of five. The commercial tablets
were first ground and mixed, then one sample of the mixture
was taken for the FT-Raman analysis and another sample was
analysed using UV-VIS spectrometry or titration, according to
methods described in the British Pharmacopoeia.t

Nicolet TQ Anayst chemometric software was used to
construct the classical, PLS and PCR models, and to perform the
guantitative determination of the active ingredients in the
commercia products.

The spectral data were normalised using the mean centering
technique. Additionally, following the procedure applied in the
intensity ratio method, prior to analysisthe spectrawere divided
by the intensity of the strong ASA or AAP peak with a
maximum above 1600 cm—1. This improves the quality of
analysis and will be described in detail elsewhere.l”

The quantitative composition of the studied samples was
expressed as a mass fraction (mf) or as a weight percent
concentration.

In the present work we report the results for five commercial
medicines purchased in alocal pharmacy. Two of them contain
ASA asthe only active substance, and in two, AAPisthe active
component. Thelast isacompound drug consisting of ASA and
AAP in comparable amounts. Their stated composition is
presented in Table 1.

The substances used, namely ASA, AAP, lactose, potato
starch, talc, calcium carbonate and citric acid were of pharma-
copoeia purity. Applied reference materials NaSO, and KNO3
were of analytical grade.

Results and discussion

To perform an analysis of quantitative predictive ability by the
FT-Raman method applied to solid samples, ASA mixtureswith
lactose, potato starch and talc have been chosen for the study.
The last three substances often occur as constituents of a tablet

Tablel Pharmaceuticals studied and their composition

Mean tablet Concentration of

Tablet Declared dose/lg  masdg active species (%)
ASA | 0.300 0.485 61.8
ASA I 0.300 0.365 82.3
AAP| 0.500 0.550 90.9
AAPII 0.500 0.688 72.6
ASA+AAP ASA: 0.250 0.602 415

AAP: 0.200 33.2

in commercia preparations and they are rather weak Raman
scatterers. To construct the PLS model, 17 calibration samples
were measured as mentioned above, five mixtures were used for
the validation and five other as “unknown” samples. The mass
fraction was varied in the 0.34-0.60 range for ASA, 0.07-0.24
for lactose, 0.09-0.22 for starch and 0.08-0.31 for talc. The
detailed composition of the samplesis presented in Table S1.1
The results of the principal component analysis showed that
nearly 98% of the spectral variation could be accounted for by
thefirst three principal components. The spectral rangesused in
these calibrations are quoted in Table S2a.t The correlation
coefficients characterising the calibration curves shown in Fig.
1, and the factor numbers used for each substance are presented
in Table S3.1

In the second step, sodium sulfate was added as an internal
standard to the mixtures. Their composition is quoted in Table
SA.1 The FT-Raman spectra were collected once more, and a
new PLSmodel, omitting the presence of lactose, starchand talc
was constructed. It was necessary to choose new spectral
ranges, which are reported in Table S2b.T The calibration curve
for ASA shown in Fig. 2, is characterised by the correlation
coefficient R2 = 0.998. This was obtained when three factors
were used for the acetylsalicylic acid and sodium sulfate in the
standard mixtures. Quantitative analyses of unknown samples
gave satisfactory results. In Fig. 3, the relative errors for the
calibration and “unknown” samples are presented for both
models. These errors are somewhat higher in the case of the
simplified model. It should be noticed that the concentration of
ASA considerably decreases in the samples with an internal
standard added. This means that for commercial tablets, where
the amount of the active substance exceeds by 2-5 times the
mass of the other present, the quality of prediction could be
better.

The reported results suggest two ways of determining the
concentration of an active substance in complex mixtures. The
first can be applied when all the constituents of a sample are
known. The second is based on a calibration model for samples
with an appropriate internal standard added. The latter proce-
dure resembles the classical intensity ratio method of quantita-
tive analysis applied by Raman spectroscopistsfor decades. Itis
simple and fast but the spectral region selection is particularly
important in this method.

The spectral regions chosen for analysis have to represent the
main spectral features of the substances studied, regardiess of
the origin of the medicine, and should not be distorted by the
spectral features of the other ingredients of the tablet, especially
those not taken into account in the chemometric model
construction. It isusually possible to find analytical regions for
each product separately, to get better correlation coefficientsfor
calibration curves and better resultsfor the analysis. Eventualy,
when al the components of the medicines studied are known,
e.g., in a production facility, quantitative analysis could be
performed without any standards added.

To check the performance of the simplified model in the
guantitative determination of the active substances in commer-
cia drugs, the sdlts of akali metals with symmetrical anions,
S04~ and NOz—, were used as internal standards. Three
systems were studied: ASA-standard, AAP-standard and
(ASA+AAP)-standard, their composition is quoted in Tables
S5-S7.1 In order to attain appropriate calibration sets, 15
calibration and 4 validation samples were prepared for each
system.

The FT-Raman spectra of pure ASA, AAP and Na,SO, are
shown in Fig. 4. Theintense lines of the benzenering vibrations
at 1606 and 1616 cm—1 for ASA and AAP were chosen as the
characteristic peaks for the intensity ratio method. The band at
993 cm—1 for sodium sulfate and the one at 1050 cm—1 for
potassium nitrate were chosen for the determinations.

The spectral regions and correction points for the ASA—
standard, AAP-standard and (ASA+AAP)-standard systems
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arereported in Tables 2 and S8.1 The resultsfor the commercial
formulations containing only one active substance with Na,SO4
asaninterna standard, are presented in Table 3 and thesefor the
ASA+AAP compound medicine are given in Table 4. These
dataare in agreement with the declared concentrations and with
the results of the control analysis. The values obtained with
KNO;3 as the standard are comparable, but the deviations are
dlightly higher.

Fig. 5 displays a pure ASA spectrum and one for the
pharmaceutical ASA |. There are some spectral regions where
the differences are pronounced. First, there are strong peaks at
about 1085, 713 and 281 cm—1 in the ASA | spectrum, which
are characteristic of calcium carbonate. Secondly, there is a
wide, weak peak at 480 cm—1, which originates from starch, and
finally a weak band at 942 cm—1, characteristic of citric acid.
This means that these three substances were used as tablet
diluents and disintegrants. 28 calibration and 5 validation
samples were prepared by mixing ASA with the three additives
mentioned above. The mass fractions were varied in the
0.33-0.70 range for ASA, 0.05-0.33 for calcium carbonate,
0.03-0.27 for starch and 0.02-0.24 range for citric acid. The
composition of these samples is reported in Table S9.t

Concentration vs. concentration plots for the different
constituents of the system studied can help to identify correlated
concentrations.14 These plots, presented in Fig. S1,T show a
fairly random distribution of experimental points, which means
that the correlation is not strong.

The Raman spectra were registered with resolutions of 16
cm—1 and 2 cm—1 for each samplein the form of a pellet, using
a rotating sample holder. Next, spectra for the ASA | tablets
were recorded applying the same experimental conditions. New
PL S and PCR models were built. The spectral ranges chosen for
these models, factor numbers and correlation coefficients
obtained are reported in Tables S10 and S11.1 The concentra-
tion of ASA inthe ASA | tablets studied, asfound fromthe PLS
model based on the lower resolution data, differs from the true
value by less then 0.83% with a standard deviation of 1.4%, as
shown in Table S12.1 This error is only dightly smaller than
that one reported in Table 3 for ASA | analysis performed with
the help of the simplified PLS model. The ASA concentrations
determined inthe ASA | tablets using the model constructed for
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the 2 cm—1 resolution spectra are more precise. In that case the
standard deviation is of the order of 0.6%.

To compare the different models applied, the relative
standard error of prediction (RSEP) was calculated according
to:

RSEP (%) = ©

where CA is the actua active component content, C is its
concentration found from Raman data analysis, and n is the
number of samples. These figures are presented in Table 5. It
can be seen that the RSEP values obtained from the PLS
treatment of Raman spectra are smaller than those obtained
from the PCR analysis, sometimes by a factor of three.

In Table S13,1 the RSEP values obtained in the course of
analysisof ASA | are quoted together with the biasand accuracy
calculated using egns. (3) and (4):

mean bias (%) = [Zn: (Ci

-ch )
TX].OO /n, (3)

i=1 !

mean accuracy (%) = ip _ CiAI><100 /n 4
i=1 CiA

In this case, CA is the ASA content as measured by the
pharmacopoeial method. The lowest value of RSEP, equa to
1.3%, was obtained from the higher resolution spectraanalysis,
with a mean bias of —0.6%. The mean accuracy was equal to
1.2%, with standard deviation of 0.6%. Vaues obtained from
other PLS models are higher but they do not exceed 2.0% for
RSEP, 0.8% for the absolute value of mean bias and 1.7% for
the mean accuracy.

Lactose

0.30 <
£
'c -
i
S
3
< 0157
o

) ' 1
0.15 0.30
Actual mf

0.30 4 Talc
E ]
T
i
<
=1
L 0.15 1
O
o

T T T
0.15 0.30
Actual mf

Fig. 1 Cadlibration curves for ASA, lactose, starch and talc in the ASA- actose-starch—talc system: PLS model.
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Conclusions

This study confirms the high potential of FT-Raman spectros-
copy when combined with chemometric methods in the
guantitative analysis of pharmaceuticals. The proposed proce-
dure gives a level of accuracy and precision comparable with
that obtained with the use of UV-VIS spectrometry, but it is
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Fig. 2 Calibration curve for ASA in Na,SO,—~ASA-lactose—starch-talc

system: simplified PLS model.
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Fig. 3 Relative errors of ASA content for calibration (open symbols) and
testing (filled symbols) samples in: top, ASA-actose-starch—talc system;

bottom, Na,SO,—A SA- actose-starch—talc system.

significantly simpler. Our study shows that it is possible to
determine precisely the amount of particular compounds in
complex solid mixtures, even in cases where only the partia
composition of asampleisknown. The proposed method isfast,
especialy when arotating sample holder is used, and does not

87 asA

Raman intensity/au
N
1

e

30’00 25’00 20‘00 1 5‘00 1 O’OO 5(’)0
Wavenumber/cm-1

AAP

> 4
3 15
>
=
2
o 10
Q
£
G

5_
S
[0
o

O_ T T T T T T

3000 2500 2000 1500 1000 500
Wavenumber/cm-1
ASA

I 204
>
5 AAP
c Na,SOo,
Q
Q
£ 10
C
©
€
]
T L A A

0_ T T T

1200 1000 800

Wavenumber/cm-1
Fig. 4 FT-Raman spectra of pure ASA, AAP and Na,SO,.

IN
1

CORS—

Raman intensity/au
N
|

0 D S

1200 1000 800 600 400

Wavenumber/cm-1

Fig. 5 FT-Raman spectra of pharmaceutical ASA | (solid line) and pure
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Table2 Spectral ranges and correlation coefficients for ASA—standard and AAP-standard calibration

PLS model Intensity ratio method
Spectral Correction Correction
Active principle range/cm—1 at/cm—1 R2 Vmax/CmM—1  at/cm—1 R2
ASA 1322-1236 1348 0.999 1606 1922 0.994
1080978 1016 9932 951
AAP 1141-1086 1141 0.999 1613 1531 0.993
1034966 970 993a 900
669-638 770
362—-300 363

aNa,SO, band.
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Table 3 Results of FT-Raman analysis of ASA and AAP tablets

Intensity Control
Tablet PLS/mg PCR/mg ratio/mg analysismg
ASA | 3023+65 3009+91 3043+75 3022+36
ASA I 3015+53 2975+83 297.3+79 304.1+31a
AAPI 4995+35 4983+49 4996+ 102 4958+ 7.4
AAPII 501.2+47 4968+78 4975+9.0 499.3+6.0°

aTitration.? UV-VIS spectroscopy.

Table4 Results of FT-Raman analysis of ASA + AAP tablets

ranges selected during the construction of the PLS model for the
ASA-actose-starch—talc system (part @ and the Na,SO4—
ASA-actose-starch—talc system (part b). In Table S3, the
calibration parameters for the ASA-actose-starch-talc system
are presented and the composition of the Na,SO,~ASA—
lactose—starch—talc system is presented in Table S4. Tables S5—
S7 report the composition of the ASA—Na,SO,4, AAP-Na:SO,
and (ASA+AAP)-N&aSO, samples. Table S8 lists the spectra
ranges used for the (ASA+AAP)—standard calibration. Table S9
presents the composition of the ASA—CaCOs—starch—citric acid
samples. In Tables S10 and S11, the spectral ranges sel ected and
the calibration parameters of the PLS model for pharmaceutical
ASA | arereported, respectively. In Table S12, the results of the
FT-Raman analysis of the ASA | tablets are given. Table S13
reports the RSEP, mean bias and mean accuracy values for the
determination of ASA in ASA | tabletswith the help of the PLS
models. In Fig. S1, the concentration vs. concentration plots for
the ASA—-CaCOz—starch—itric acid samples are presented.

Active Control
component  PLS/mg PCR/mg analysis'mg
ASA 2534+ 57 2552+ 6.1 248.1 + 4.42
AAP 2059+ 5.0 207.4+56 200.6 + 3.9°
aTitration.>p UV-VIS.
Table5 RSEP for the different models
Model
PLS PCR
System analysed Cala PredP Cd. Pred.
ASA in ASA-starch-actose-talc 198 233 254 304
ASA in ASA-starch-actose-talc-Na,SO, 0.99 119 156 175
ASA in ASA—Na,SO, 073 084 104 145
AAP in AAP-Na,SO, 076 127 131 156
ASA in (ASA+AAP)-Na,SO, 081 144 094 161
AAP in (ASA+AAP)-Na,SO, 107 141 112 122

ASA in ASA—CaCOz-starch—itric acid 123 152 316 321
ASA in ASA—CaCOs—starch—citric acidc 065 099 234 311

a Calibration data set.P Prediction data set.c Resolution 2 cm—1.

require any special preparation of the pharmaceuticals being
analysed. It could have potential applicationsinindustry, and as
an aternative to the present pharmacopoeial methods. How-
ever, further work is required to determine the optima
spectrometer and model conditions, particularly for prepara-
tions with lower active ingredient concentrations.

Appendix
Supplementary informationt

The composition of the ASA-|actose-starch—talc samples
studied is quoted in Table S1. Table S2 reports the spectral
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