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Abstract

A partial least-squares calibration (PLS) method for the simultaneous spectrofluorimetric determination of salicylic
acid (SA), codeine (CO) and pyridoxine (PY) is proposed. The determination of SA, CO, and PY has been carried
out in mixtures of up to three components by recording the emission fluorescence spectra between 300 and 500 nm
(lexc=220 nm). Due to the fact of the strong spectral overlap among the excitation and also among the emission
spectra of these compounds, a previous separation should be carried out in order to determine them by conventional
spectrofluorimetric methodologies. Here, a full-spectrum multivariate calibration PLS method is developed. The
experimental calibration matrix was constructed with 14 samples. The concentration ranges considered were 0.1–2.0
(SA), 0.25–3.0 (CO) and 0.10–2.0 (PY) mg·l−1. The optimum number of factors was selected by using the
cross-validation method. The method also allows the simultaneous determination of acetylsalicylic acid (ASA), CO
and PY by previous alkaline hydrolysis of ASA to SA. To check the accuracy of the proposed method, it was applied
to the determination of these compounds in synthetic mixtures and in pharmaceuticals. © 2000 Elsevier Science B.V.
All rights reserved.
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1. Introduction

Fluorescence spectroscopy is widely used in dif-
ferent fields of the chemical analysis owing to its
high sensitivity and selectivity, and relativity low
cost. However, as is usual in other spectroscopic
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techniques, when analyzing mixtures of compo-
nents that show overlapping spectra, they often
cannot be successfully resolved and a previous
separation step is usually required. As a conse-
quence, analysis costs are increased and the proce-
dure moreover, becomes more time consuming.

In recent years multicomponent analysis has
become an important tool in resolution of mix-
tures of components in many different fields in-
cluding biomedical, clinical, environmental and
drugs analysis. Increasing attention has been paid
in the last few years to multivariate calibration
methods, specially to those using the partial least
squares (PLS) method with decomposition into
latent variables [1–3]. The basic concept PLS
regression was originally developed for Wold [4]
and its first chemical application carried out by
Wold et al. [5]. PLS has been used in combination
with various spectroscopic techniques such as
UV-VIS [6–9] (including UV optosensing devices
[10,11]), NIR [12,13] and fluorescence spec-
troscopy [14,15]. Assuming a linear relationship
between concentration and fluorescence intensity,
PLS approaches have been successfully applied in
the quantitative analysis of multicomponent mix-
tures that cannot be resolved by conventional
spectrofluorimetry [16–18].

Some vitamins of the B-group (e.g. thiamine
and pyridoxine) are found along with analgesics
or central nervous system stimulants in pharma-
ceuticals. Therefore, a rapid, one step procedure
allowing the determination of ternary mixtures, as
weel as binary ones is useful in pharmaceutical
analysis.

PY, ASA and CO are respectively, representa-
tive active principles of these groups of com-
pounds; all of them showing native fluorescence.
In this paper, a rapid and very simple procedure
for determination of ternary an binary mixtures
of SA, CO and PY is developed based in PLS-1
regression applied to their intrinsic fluorescence
spectra. In addition, the procedure also allows
indirectly the determination of ASA, CO and PY
mixtures previous hydrolysis of ASA to SA.

The method was validated by application to
resolution of synthetic samples of SA, CO and PY
as well to the resolution of ASA, CO and PY in
pharmaceutical preparations. Quite good results
were found in all cases.

2. Experimental

2.1. Reagents

Stock solutions with 100 mg l−1 of Salicylic
acid (Fluka, Madrid, Spain), Codeine (Abelló,
Barcelona, Spain) and Pyridoxine hydrochloride
(Fluka, Madrid, Spain) were prepared by dissolu-
tion of the appropriate amount in deionized wa-
ter. The stock solution of vitamin was stored at
0°C. At this temperature it is stable at least for
one week. CO and SA were stable for at least one
month at 5°C. Working solutions were daily pre-
pared by suitable dilution. A NaH2PO4/Na2HPO4

buffer solution pH 7.0 at Ct=0.01 M was also
employed. All solutions were prepared in deion-
ized water.

2.2. Apparatus

Spectrofluorimetric measurements were made
on a Perkin-Elmer LS 50 spectrofluorimeter (Bea-
consfields, Buckinghamshire, UK) equipped with
a xenon discharge lamp (20 kw), Monk–Gillieson
mono chromators, a Quantic Rhodamine 101
counter to correct the excitation spectra and a
Gated photomultiplier. The luminescence spec-
trometer was connected via an RS232C interface
to a MITAC 386 mpc 3000F-computer running
Fluorescence Data Manager (from Perkin Elmer)
v. 2.50 software for controlling the instrument.
The computer was also connected to an Epson
LX-800 printer for delivery of results. The excita-
tion and emission slits were both maintained at 5
nm and the scan rate of the monochromators at
240 nm min−1. All measurements were made with
a quartz cell of 1 cm pathlength at 20°C, the
temperature was controlled to within 90.1°C
with aid of a Selecta (Barcelona, Spain) Frigiterm
6000 382 thermostat.

A pH Crison 2000 digital pH meter (Barcelona,
Spain) furnished with a combined glass/ saturated
calomel electrode was used for pH measurements.
The pH meter was calibrated with two buffers at
pH 4.00 and 7.02. An Ultrasons Selecta ultrasonic
bath (Barcelona, Spain) was also employed.
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2.3. Software

Excitation and emission spectra were acquired
and processed by using the spectrofluorimeter’s
bundled software. The Grams/386, version 2.02
level 1 and Grams/32 version 4.0 software pack-
age, with the PLS plus/IQ application [19], was

used for the statistical treatment of the data and
the application of the PLS multivariate calibra-
tion method. The digitized spectra of samples and
standards acquired from the spectrofluorimeter
were converted by the software to its own format.

2.4. Treatment of samples

The content of either capsule, accurately trans-
ferred and the tablets were crushed to a fine
powder and dissolved in water by sonication, the
solution was filtered through a 0.45 mm pore size
Millipore filter, and diluted to an appropriate
volume with deionized water. In order to obtain
the complete transformation to SA, a previous
alkaline hydrolysis as usually was performed in
those pharmaceuticals containing ASA, by means
of a sample treatment with 1 M NaOH solution,
by heating 30 min to 60°C.

2.5. Procedure

SA, CO and PY binary and ternary mixtures,
were prepared as follows: 10 ml phosphate buffer
solution at pH 7.0 were placed into a 100 ml
volumetric flask and appropriate volumes of the
drugs standard solutions were then added and
mixed, making finally to the mark with deionized
water. The final concentrations were in the ranges
0.10–2.00 mg l−1 SA, 0.25–3.00 mg l−1 CO and
0.10–2.00 mg l−1 PY. The excitation and emis-
sion slit widths were 5 nm. The mixed solutions
were thermostated at 2090.1°C and their emis-
sion spectra (300–500 nm) recorded at lexc=220
nm and processed with the aid of the spectrofluo-
rumeter’s bundled software. The optimized cali-
bration model for PLS-1 method was applied to
the spectra of the samples to calculate the concen-
tration of each chemical in the mixture.

3. Results and discussion

The spectral region for emission spectrum be-
tween 300 and 500 nm was recorded for the
following excitation wavelengths: 215, 220, 225,
230, 240, 250, 260 and 293 nm. SA and PY show
highly overlapping fluorescence maxima at 405

Fig. 1. Fluorescence emission (lexc=220 nm) spectra: CO 2.00
mg l−1 (1), PY 0.45 mg l−1 (2) and SA 0.25 mg l−1 (3).
pH=7.0 (NaH2PO4/Na2HPO4 Ct=0.01 M buffer). (RFI, rel-
ative fluorescence intensity).

Fig. 2. Effect of the pH: CO (-�-) 5 mg l−1, PY (-	-) 2 mg
l−1 and SA (-�-) 1 mg l−1. (RFI: relative fluorescence
intensity).
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Table 1
Calibration matrix

Sample Salicylic acid (mg l−1) Codeine (mg l−1) Pyridoxine (mg −1)

1.001 1.00–
0.25 1.002 –
0.250.25 –3

1.004 – 1.00
–5 1.000.50
–0.25 1.006

2.007 1.00 0.10
2.00 0.258 0.10
0.501.00 0.509

0.2510 0.25 2.00
2.0011 0.500.50
1.000.10 0.2512

0.2513 3.00 0.10
2.0014 1.000.50

Table 2
Selection of the optimum number of factors

Salicylic acidNumber factors Codeine Pyridoxine

P PRESS PPRESS PRESS P

0.9999 8.00737 0.99991 1.910180.57308 0.9999
0.9995 1.56206 0.99990.07385 0.243382 0.9992

0.007753 0.5000 0.03436 0.5000 0.03893 0.6784
0.0000 0.05326 0.00004 0.030610.01392 0.5216
0.0000 0.10821 0.00000.01080 0.037695 0.6585

0.009456 0.0000 0.17156 0.0000 0.03746 0.6546
7 0.00948 0.0000 0.16278 0.0000 0.03029 0.5144

0.0000 0.16064 0.0000 0.02983 0.50430.008498

and 395 nm, respectively. The overlapping be-
tween the spectrum of codeine and those ones
from the other two analytes is lower. Therefore,
conventional spectrofluorimetry cannot be applied
satisfactorily to the determination of the mixture.
We selected 220 nm as optimum wavelength that
is more appropriate for the signal from codeine,
which shows lower fluorescence than the other
two analytes.

It should be noted, moreover, that in all com-
mercial pharmaceutical preparations in which bi-
nary mixture of these analytes are found, codeine
is the component which shows lower concentra-
tion so making more difficult the resolution of the
mixture. Fig. 1 shows the emission spectra corre-
sponding to CO, PY and SA obtained in aqueous

solutions at concentrations of 2.00, 0.45, and 0.25
mg l−1, respectively.

3.1. Optimization of 6ariables

In order to ascertain whether the simultaneous
determination of the mixture components was

Table 3
Statistical parameters

R2Analyte RMSD REP AIC

0.0234Salicylic acid 22.173.040.9956
Codeine 0.05270.9796 4.62 27.05

0.0495Pyridoxine 0.9953 26.692.77
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Table 4
Validation seta

Codeine PyridoxineSample Salicylic acid

Cfound CaddedCadded Cfound Cadded Cfound

–1 0.00 0.30 0.25 – −0.07
−0.01 1.00 1.08– –2 0.00
0.00 2.00 2.123 –– −0.05
−0.03 – 0.17– 0.304 0.29
−0.02 – −0.095 1.00– 0.80
−0.01 – −0.04– 2.006 1.60

0.307 0.33 – −0.01 – −0.02
0.508 0.43 – −0.10 – −0.02

1.08 – −0.101.00 –9 0.03
–10 0.03 2.00 2.15 0.75 0.82

0.02 0.60 0.61– 1.5011 1.37
0.21 0.60 0.6012 –0.20 0.00
0.15 – −0.10.15 0.6013 0.59
0.18 0.60 0.68 0.6014 0.570.15
0.21 3.50 3.250.20 0.7515 0.77
0.21 3.50 3.2716 0.600.20 0.61
0.18 0.60 0.540.20 0.3017 0.25

0.7518 0.63 3.50 2.95 0.30 0.32
0.28 2.50 2.200.30 1.5019 1.27

0.1520 0.14 1.50 1.61 0.15 0.18
21 0.140.15 3.50 3.28 0.30 0.36

0.28 0.60 0.510.30 0.1522 0.13

a Values are average of three determinations. Concentrations, Cadded, Cfound (mg l−1).

feasible, we studied the influence of the variables
potentially affecting the fluorescence intensity or
the position of the emission maxima in order to
optimize the measuring conditions. We initially
checked the stability of the drug solutions as a
function of the preparation time and pH.

The fluorescence intensity from PY solutions
was found not to vary within 7 days after prepa-
ration maintained at 5°C. CO and SA solutions
were stable from at least one month at 5°C.

Influence of pH on the fluorescence intensity of
each drug was studied by adding small volumes of
dilute solutions of HCl and NaOH to adjust it.
Fig. 2 shows these results. pH values over the
range 1–12 had no appreciable effect on the
fluorescence intensity of CO; on the other hand
the fluorescence of SA increases with pH util pH
7. PY shows maximum fluorescence at pH 7.0.
We chose pH 7.0 as optimum value for subse-
quent experiments in order to ensure the maxi-
mum signal for these three analytes. We found

NaH2PO4/ Na2HPO4 buffer solution pH 7.0 to
have no effect on the fluorescence signal. Experi-
ments performed using concentrations between
0.005 and 0.025 M revealed the buffer concentra-
tion to have no effect on the fluorescence intensity
of any of the analytes. Therefore we chose a
buffer concentration of Ct=0.01 M as optimum.

Table 5
Drug compositions

Drug Composition

Benadom Pyridoxine hydroclhoride 300 mg
Acetylsalicylic acid 500 mgDolmen
Codeine phosphate 1/2 H2O 10 mg
Ascorbic acid 250 mg
Acetylsalicylic acid 400 mgDolvirán
Codeine phosphate 1/2 H2O 9.6 mg
Caffeine 50 mg

Codeisán Codeine phosphate 1/2 H2O 28.7 mg
Codeine phosphate 1/2 H2O 50 mg
LactoseCodeı́ne Perduretas
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Table 6a
Analytical applications

Salicylic acid PyridoxineCodeine

Cadded
b %R9sCfound

b Cadded
b Cfound

b %R9s ma %R9s

Benadom
– –– –– – 300 11091

0.540.50 10892 – – – 300 11692
10291 2.00 1.990.51 99910.50 300 11691
10491 2.00 2.03 10291 3000.50 108920.52

%R9s ma %R9s Cadded
bCadded

b Cfound
bCfound

b %R9s

Codeisan
– – – 28.7 98.790.6 – – –

10894 28.7 103931.10 –1 – –
– 28.7 95.990.2– 1.00– 0.80 8091

10892 28.7 99910.54 0.500.50 0.45 9093
10893 28.7 9192 1.00 0.800.50 80930.54

Codeine peruretas
– 50– 95.290.7– – – –

11093 501.00 99911.10 – – –
– 50 9691– 1.00– 0.90 90.490.7

116910.50 500.58 98.390.5 0.50 0.50 100.790.4
11292 50 94920.56 1.000.50 0.94 9492
10691 50 106.490.6 1.00 1.02 102.390.80.50 0.53

a m, amount labeled (mg/unit).
b Concentrations: Cadded, Cfound (mg l−1). Data are mean of three replicate determinations.

Table 6b

PyridoxineCodeineSalicylic acid

Cadded
b Cfound

bma %R9s%R9s Cadded
b Cfound

b %R9s

Dolmen
– –500 –11394 – – –
2.00 1.92500 96.190.210591 – – –
1.00 1.01 1019411391 –500 – –
2.00 2.31 115.390.4500 0.5010192 0.59 11891
2.00 2.09 104.590.211791 1.00500 1.09 10991

Dol6iran
– –400 –11792 – – –
1.00 1.15 11592400 –10991 – –
2.00 2.22 1119110691 0.50400 0.59 11891
2.00 1.99 99.290.7 1.00 1.01400 1019111792

a m, amount labeled (mg/unit).
b Concentrations: Cadded, Cfound (mg l−1). Data are mean of three replicate determinations.

Increasing temperatures in the range 0–70°C
resulted in decreasing fluorescence intensity, so we

chose to thermostat solutions at 20.090.5°C in
subsequent experiments. Under the optimal con-



N. Ramos Martos et al. / J. Pharm. Biomed. Anal. 23 (2000) 837–844 843

ditions above described, the emission fluorescence
intensity (lexc=220 nm) was found to be linearly
related to the drug concentration over the following
ranges: 0.10–2.00, 0.25–3.00, and 0.10–2.00 mg
l−1 for SA, CO and PY, respectively.

3.2. Matrix of calibration

Fluorescence emission data from a calibration set
of 14 standard samples (see Table 1) were taken
between 300 and 500 nm. The calibration matrices
were established for each individual component
their linear ranges being (0.10–2.00), (0.25–3.00)
and (0.10–2.00) for SA, CO and PY, respectively.
The PLS-1 algorithm that performed the PLS
analysis one component at a time has been selected
to perform the determination.

3.3. Selection of the optimum number of factors and
statistical parameters

To select the number of factors, in order to model
the system without overfitting the concentration
data, a cross-validation method, leaving out one
sample at a time, was used [20]. Cross-validation
consists of systematically removing one of the
observations in turn and using the remaining obser-
vations for construction of latent factors and their
regression. PLS calibration was performed on the
14 calibration spectra set: 13 spectra were used and
from there, the concentration of the analytes in the
sample left out once during this calibration process
was predicted. This process was repeated 14 times
until each calibration sample had been left out once
and its concentration predicted. The predicted
concentration of the analytes in each sample was
then compared with the known concentration of
them in the respective sample and the prediction
error sum-of-squares (PRESS) calculated. This
parameter (Table 2) was calculated each time
adding a new factor to the model. PRESS is a
measurement of how well a particular model fits the
concentration data.

To select the optimum number of factors, the
criterion of Haaland and Thomas was taken into
account [20,21]. According to this, rather than the
selection of the model which yields a minimum in
PRESS that usually leads to some overfitting, the

model to be selected is the one with a minimum
number of factors that provides a PRESS value not
significantly greater than the minimum one. Haa-
land and Thomas empirically determined that an
F-ratio probability of 0.75 was a good choice.
Therefore the number of factors for the first PRESS
value showing an F-ratio probability below 0.75
was selected as the optimum. The maximum num-
ber of factors used was selected at 8 (half of number
of standards plus one). It was found that the
optimum number of factors for the PLS-1 algorithm
was three for all analytes.

The statistical results obtained for the matrix are
summarized in Table 3. The values of the root mean
square difference (RMSD), the square of the corre-
lation coefficient obtained when plotting actual
versus predicted concentration (R2), the Akaike [22]
information criterion (AIC) and the relative error
of prediction (REP) for each component are in-
cluded in order to give an indication both of the
average error in the analysis and the quality of fit
of all data to a straight line.

To view of the obtained results, it is possible to
determine under the conditions of the proposed
method the three analytes with an acceptable
relative error of prediction ranging from 2.8 to 4.6%
depending on the respective analyte.

3.4. Validation set

In order to test the performance of the proposed
method, it was applied to the determination of
artificial mixtures containing various concentra-
tions of the three compounds. The above mentioned
model was used to predict the concentration of the
analytes in 22 synthetic mixtures. Results are sum-
marized in Table 4. As can be seen the amounts
added and found were consistent for the most of
the mixtures tested. The results can be considered
satisfactory keeping in mind the strong spectral
overlapping between SA and PY and the lower
fluorescence signal from CO, compared with the
other two analytes of the system.

3.5. Applications

The proposed method has been used in the
simultaneous determination of the three analytes in
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commercially available pharmaceutical formula-
tions (Table 5). The available pharmaceuticals
tested did not contain all the three analytes together.
Therefore known amounts of those ones absent
were also added. The determination was then
carried out by applying the proposed procedure to
(a) the pharmaceutical containing only one of the
active principles (Benadom, Codeisan and Codeine
Perduretas) or two of them (Dolmen and Dolviran),
(b) the same pharmaceutical also containing added
amounts of some of (an) other analyte(s).

Results are shown in Table 6a and b. All the
constituents were predicted with acceptable errors
if we take into account the absence, in the calibra-
tion standards, of compensation involving the
presence of excipients and active principles, which
are present in some of the formulations.

4. Conclusions

This paper demonstrates the potential of PLS
regression for resolving overlapped fluorescence
emission spectra in binary and ternary mixtures of
three important active principles: (acetyl)salicylic
acid, codeine and pyridoxine. The method firstly
allows the simultaneous determination of SA, CO
and PY and in addition, the indirect determination
of ASA, CO and PY mixtures previous hydrolysis
of ASA.

This is a rapid one step procedure which only
requires the dissolution of the sample and to
perform its fluorescence spectrum, so it is a simple,
inexpensive and very fast procedure which does not
need a previous separation of the analytes nor other
previous sample treatments.

Although other methods such as chromato-
graphic ones can be used to determine these analytes
in pharmaceuticals [23] and usually they can offer
more accuracy than the proposed method, they are
both more time consuming and expensive than the
procedure here developed.
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