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Abstract

PLS-1, a variant of the partial least-squares algorithm was used for the solid-phase spectrofluorimetric determination of acetylsalicylic acid
(ASA) and caffeine (CF) in pharmaceutical formulations. The method allows the simultaneous quantification of the analytes, as the closely
overlapping spectral bands are efficiently solved. Sample preparation prior to analysis is not required. The calibration set consisted of 83
samples with 50-170 mgg ASA plus 5-20 mgg* CF; another set of 25 samples was used for external validation. Agreement between
predicted and experimental concentrations was fai)(1987 and 0.974 for ASA and CF models). For both models, the prediction performance
was evaluated in terms of the coefficient of variability (CV), relative predictive determination (RPD), and ratio error range (RER). The final
PLS-1 models were used for the determination of ASA and CF in pharmaceutical formulations.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction relying on spectrophotometf®—11]and Fourier transform
infrared spectrometrj12]. However, requirements of cost,
Exploitation of multivariate calibration as a means to im- time, labor and reagent consumption are inherent to most of
prove multicomponent analysis has been increasing, espethe above mentioned procedures. Moreover, the need for sam-
cially in relation to samples of biologicfl], environmental ple preparation prior to the determination makes them cum-
[2] and/or pharmaceuticf8] interest. In this context, chemo-  bersome and, thus, less attractive for large-scale analyses.
metrics is nowadays considered an useful approach to im-  Other techniques such as Near-infrared (NIE3),14]and
prove the determination of pharmaceutical compounds by Raman[15] spectroscopy have been also widely used for
different technique$—6]. single or multi-analyte determination. Regarding NIR spec-
Acetylsalicylic acid (ASA) and caffeine (CF) are active troscopy, some parameters, such as sample humidity, may
principles widely used and frequently combined in pharma- influence the analytical results, mainly in relation to pow-
ceutical preparationf7]. The simultaneous determination dered samplegl6]; moreover, a low spectral resolution is
of these chemical species can be performed by high per-inherent to this techniqgue. Raman spectroscopy may present
formance liquid chromatograph], and other techniques limitations in sensitivity, often requiring powerful and costly
laser sources for excitatiofl7]. Another possibility for
* Corresponding author. analysis of powdered pharmaceutical tablets is the recently
E-mail addresskubota@igm.unicamp.br (L.T. Kubota). proposed solid-phase fluorescence, already applied to ASA
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determinatiorf18]. This new approach has not been applied were used for diluting the investigated mixtures in accordance
to simultaneous determinations. with the intended concentrations.

Multiple linear (MLR), principal component (PCR) and The samples were prepared according to the British Phar-
partial least squares (PLS) regressions are receiving increasmacopoeia recommendatiofTd. The sample dilutions were
ing attention as calibration techniques, as they generally leadcarried out after powdering the samples until a homogeneous
to a simplification in sample handling and sometimes to the particle size was attained; this powder was further mixed and
unneed for separation sted®]. They have been often ap- homogenized with the solid ingredients.
plied to analysis of pharmaceutical formulations containing
two or more components yielding overlapping spectra. In this 2.3. Procedure
context, exploitation of multivariate calibration algorithms,
especially PLS, which makes use of decompositionintolatent ~Sample amounts with 50-170mgly ASA plus
variables, has increased in recent yga@;21]. Thus, PLS ~ 5-20mgg* CF were accurately weighed and mixed with
has been used in combination with different spectroscopic lactose, maize starch, talc, and magnesium stearate in the
techniques such as, e.g. UV-vis spectrophoton{e)23], 70:15:10:5 or 80:10:7:3 w/w proportions. As the ASAto CF
NIR [24] or fluorescence spectroscopy, BS,26]. ratios in commercial tablets (usually around 10:1 w/w) is not

FS procedures have been widely used due to their favor-always kept, different proportions (9:1, 10:1 and 11:1 w/w)
able characteristics of sensitivity, selectivity and instrumental were tested. A 25mg sample amount was placed into the
cost. As FS procedures may present limitations in the analysis96-well plate as previously describgkB]. The fluorescence
of components yielding strongly overlapping spectra, a prior Spectra of the mixture were recorded between 310 and
separation step is usually required. When a linear relationship375 nm, maintaining the excitation wavelength at 275nm
between analyte concentration and fluorescence intensity isand the ambient temperature at23 °C. For both models,
observed, PLS can be successfully applied for quantitative the multivariate calibration was performed by PLS with one
analysis of multicomponent mixtures that cannot be easily dependent variable (PLS-1).
solved by univariate spectrofluorimefi37,28]. Data from the recorded spectra were mean centered in

This paper reports the development of two models (for order to remove any offset. The numbers of latent variables
ASA and CF) using PLS-1 for the simultaneous spectroflu- were determined by the leaving one out approach.
orimetric analysis of solid matrices. The native ASA and  The ASAand CF models were developed from 83 samples
CF fluorescences are exploited; therefore the intended procepreparedinthe laboratory; 25 additional samples were used to
dure should not require any prior separation or derivatization evaluate model performance (validation step). The validation
step. sample set was prepared with ASA and CF concentrations

different than those employed for calibration, following a
random design, but keeping all values within the correspond-

2. Experimental ing calibration ranges for each analyte. After dimensioning,
the procedure was applied to the analysis of pharmaceutical
2.1. Apparatus formulations and the main figures of merit were evaluated.

Measurements were performed by a LS-55 model
Perkin-Elmer luminescence spectrometer, equipped with a3. Results and discussion
xenon discharge lamp (20 kW, &), two Monk—Gillieson
monochromators, a Hamamatso photomultiplier, a reference  An analytical produce should not be susceptible to slight
photodiode, an optical-fiber accessory and a 96-well plate variations in the nominal value of experimental variables,
(compartment for the powdered samples). Slits for excitation such as concentration, environmental and sample conditions
and emission were set as 10 nm, the photomultiplier volt- [29,30]. In this regard, several definitions related to robust-
age was adjusted to 775mV, and the monochromator scamess and ruggedness have been proposed, and the expres-
rate was kept as 500 nm mih. Some parameters influenc-  sion “robustness” is differently used, according to the spe-
ing the fluorescence intensity, such as sample amount anccific problem[31]. In the present work, different ASA/CF
distance between optical fiber and sample had already beemmass proportions as well as different ingredient amounts
establishedt18]. For data acquisition and treatment, a PC mi- were tested. Corroborating the previous stf@i§] it was
crocomputer running commercial Pirouette software (version also noted that each component used as ingredient presents

3.02, Infometrix Inc.) was used. different effects on the fluorescence signal of ASA. However,
it has shown a good robustness for small variations of the in-
2.2. Reagents and samples gredients with a relative standard deviation of 2.3%fsI6.

Larger variations in the ingredient proportions were prepared

Lactose, maize starch, talc and magnesium stearate werdor the models construction in order to decrease the effect of

of pharmaceutical grade (GALENA), whereas ASA and CF the ingredients, thus minimizing the prediction errors due to
(ACROS) were of analytical-reagent grade. The ingredients variations in the ingredient or active substance proportions.
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3.3. Validation set

In order to test the prediction performance of the proposed
method, the constructed models were used for ASA and CF
determinations in a situation where all the constituents of
the samples are known, including the different concentra-
tions of ASA and CF. For this task, 25 samples contain-
ing the same ingredients as the mixtures for the calibration
set were used. From the experimental and predicted values
in Table 1, it can be seen that only two samples for each
model (ASA and CF) were predicted with residuals close to
10%.

A way to evaluate the prediction ability of a model is the
coefficient of variability (CV)34], expressed as a percentage
of the mean of the true concentrations, given by

Fig. 1. Excitation (1 and 2) and emission (3 and 4) spectra for individ- 100

ual ASA and CF, respectively. Spectra recorded with 80 migfgr each CV=SDres——— 2
meargxp

compounds.

where S.Dies is the standard deviation of the residuals
and meapxp is the mean of the experimental concentration.

3.1. Spectra of the studied compounds
Table 1

. L . Results of evaluation of the prediction abilit
Fig. 1 shows the individual ASA and CF excitation and P Y

emission spectra. It can be observed that ASA presents
strong emission band around 320 nm and CF a less intense

aSample Experimental Predicted Relative
(mgg™ (mgg?) residuals (%)

! : . ASA F ASA F ASA F
band at 367 nm. A great overlapping of the spectra is veri- S c S c S c
fied, which cannot be well solved by traditional procedures. ; Z:g 122 ggé gg *13"; f;
Besides, CF is a minor constituent in most of the commer- 838 84 895 90  _68 1
cial pharmaceutical preparations; this makes resolution of the 757 76 746 74 15 26
mixture even more complex. However, there are some spec- 5 1045 106 1113 14  -65 10
tral differences that can be used to solve this mixture by mul- 6 1045 105 965 9.6 7.7 86
tivariate calibration methods. The spectral region between ’ 1207 121 1161 116 48 41
310 and 375 nm was set from the range of 300 up to 420 nm 8 la43 146 1462 1% 13 62
X . . ) X "9 1415 129 1439 142 17 -10.1
because it prc_)wdes tr_]e maximum spectral information of the 1¢ 825 75 819 81 07 ~80
components in the mixture. 11 171.6 1% 1696 168 12 -7.7
12 72.8 81 720 6.9 11 148
— 13 1019 113 1070 109  -50 35
3.2. Calibration and number of factors 14 118.6 12 1290 12 _88 23
15 82.2 75 776 7.2 56 40
The data set was mean centered to build the calibration16 1425 1% 1398 148 19 6.9
models and their performances were evaluated by leaving onet’ 937 94 968 100  -33 —64
out cross validation, in which each sample was left out once 93.7 % 984 93 90 1
. T ; P O 119 1222 12 1323 129  -83 -5.7
and |t_s f:oncentratlon was estlmatgd by a mo_del built with the »q 1447 1465 1466 142 _13 21
remaining samplef82]. In order to find the optimum number 21 1447 146 1466 142 -13 21
of factors for the PLS-1 model the prediction residual error 22 82.5 75 725 71 121 5.3
sum of square (PRES$2,33]was calculated accordingto 23 %61 & 89 87 5 00
Eq. (1): 24 1174 107 1130 11 37 -3.7
4. 25 1449 12 1379 130 48 15
mo ) Mean 1106 1D 1111 109  -0.4° 0.12
PRESS= > (Ci — () (1) S.D. 2716 21 282 28 572 0.7
i—1 Range 71.9 8
RPD 438 39
wheremis the total number of sampleg; the estimated con- ~ RER 12'2 152
centration, an; the reference concentration. It was verified 0987 0974

thaF the optimum number of latent variables fc_)r the PLS,_]' al- S.D.: standard deviation &25); RPD: relative predictive deviation; RER:
gomh_m_Were 4 and 3for ASAand CF, respectively, as yielded ratio error range; CV: coefficient of variabiliti: correlation coefficient.
the minimum PRESS values. a The values are expressed in relation to the absolute residuals.
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Table 2
ASA and CF concentrations (added, found), expressed inthge mean of three determinations; proportions 1 and 2 =70:15:10:5 and 80:10:7:3, w/w
Sample Proportion Acetylsalicylic acid Caffeine
Added Found Recovery (%) Added Found Recovery (%)
1 1 8.1 8.0 101.14+ 2.2 8.3 80 96.4+ 3.9
2 83.0 82.3 99.2+ 1.4 8.3 86 103.6+ 4.6
3 2.0 9.9 98.8+ 1.3 9.2 93 101.1+ 2.3
4 2.1 88.4 96.0+ 3.8 9.2 89 96.7+ 1.3
5 2 RB.2 0.8 97.4+ 3.1 9.4 99 105.3+ 4.7
6 3.1 2.1 99.0+ 24 9.4 97 103.2+ 3.8
7 93.2 91.2 9794 2.2 9.4 95 101.1+ 1.4
8 93.0 91.8 98.7+ 14 9.4 97 103.2+ 3.1

Furthermore, for the same purpose of evaluation of the pre-formulations was rapid and precise, yielding satisfactory re-
diction ability relative prediction deviation (RPD) and ratio sults. Prior sample preparation and ASA hydroly4i9,22]
error range (RER) were also calculated, accordingto@)s. are not required, therefore some limitations inherent in tra-

and (4) [34]: ditional analytical procedures, such as intensive laboratory
SD steps, increased analysis time and high reagent consumption
RPD= TCEXP 3) are lessened. The approach permits the simultaneous quantifi-
HRES cation of ASA and CF, even though these compounds present
CexPyax CEXPu closely overlapping spectral bands, therefore cumbersome
RER= —*~ —>— 4 . . : X
S.DRes separation steps are not required. A simple reading of the flu-

orescence spectrum in the solid sample enables an easy and
fast determination, once the calibration parameters have been
established.

S.Deyp is the standard deviation of experimental concen-
trations, S.Dkgs the standard deviation of the residuals,
Cexpyax @nd Cexpyy represents the maximum and mini-
mum experimental concentrations, respectively. Having in
mind the strong overlap between the spectra of two com-
pounds under investigation, the results presentéthiie 1 ~ Acknowledgments

can be considered satisfactory. ) ]
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