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Abstract

A spectrophotometric method is described and applied to resolve ternary mixtures of the corticosteroid
dexamethasone sodium phosphate and the vitamins B6 and B12. It involves multivariate calibration based on partial
least-squares regression. The model was built with UV —vis absorption spectra, and was evaluated by cross-validation
on a number of synthetic mixtures. Satisfactory results for both artificial and commercial samples were obtained. A
spectrofluorometric method was also developed for the determination of B6 in the presence of vitamin BI12 and
dexamethasone. The results provided by both methods for pharmaceutical formulations were compared successfully.
None of the described procedures require sample pre-treatment steps.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Several pharmaceutical preparations contain
mixtures of vitamin B6, vitamin BI12 and dexa-
methasone. Their main clinical use is as analgesic,
anti-inflammatory, myorelaxant and anti-neuritic.
They are used for the symptomatic relief of acute
affections of short duration, chronic rheumatic
pathologies and post-traumatism of the locomo-
tive system [1].

* Corresponding author. Tel./fax: +54-341-437-2704.
E-mail address: aolivier@fbioyf.unr.edu.ar (A.C. Olivieri).

Vitamin B12 {Coa-[o~(5,6-dimethylbenzimida-
zolyl)]-CoB-hydroxocobal-amide, hydroxocobala-
min, B12} is used in the treatment and prevention
of its deficiency, tobacco amblyopia and Leber’s
optic atrophy [2]. It has been determined pre-
viously in ampoules by spectrophotometry after
chromatographic separation [3,4] and spectropho-
tometry [5].

Vitamin B6 [(5-hydroxy-6-methylpyryridine-3,4-
diyl)dimethanol hydrochloride, pyridoxine hydro-
chloride, B6] is mainly involved in the metabolism
of amino acids, carbohydrates and fats. It is also
required for the formation of haemoglobin. It has
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been reported that pyridoxine is effective in
treating pregnancy sickness, symptoms of the
pre-menstrual syndrome, muscular weakness, re-
current oxalate urolithiasis and hyperkynetic syn-
dromes in children [6,7]. B6 has been determined
using spectrophotometry and HPLC [8], derivative
spectrophotometry [9], colorimetry [10] and flow-
injection/chemiluminescence [11].

Dexamethasone sodium phosphate (9-fluoro-
11B,17,21-trihydroxy-16a-methylpregna-1,4-diene-
3,20-dione disodium 21-phosphate, DEX) is a
corticosteroid used for parenteral administration
in intensive therapy or in emergency [12]. It has
been determined previously in several pharmaceu-
tical forms by spectrophotometry [13—15], reverse-
phase HPLC [16—-18], normal-phase chromatogra-
phy [19,20] and capillary zone electrophoresis
[21,22].

The most widely used technique for simulta-
neous determination of B6, B12 and DEX is
HPLC [23,24]. In recent years, as part of a
program devoted to the development of simple
methods for pharmaceutical quality control, we
have also been exploring the use of chemometrics-
enhanced spectrofluorometry and spectrophoto-
metry as suitable techniques for the analysis of
active principles in different pharmaceutical forms
[25—30]. This is due to the simplicity and sensitiv-
ity of spectroscopic methods, and to the speed of
the determination, since preliminary separation
steps are avoided. The required selectivity is
provided by chemometrics. These characteristics
make this methods appealing for routine quality
control programs, where they may be faster and of
lower cost as compared to HPLC.

In this report, commercially available injectables
have been studied which contain ternary mixtures
of B6, B12 and DEX, with the components in the
mass ratio 125:5:1. They display strongly over-
lapped absorption spectra, a fact which precludes
their simultancous determination by simple spec-
trophotometric methods (especially in what re-
gards the minor analytes). However, partial least-
squares (PLS) combined with UV -vis absorbance
measurements provides satisfactory calibration
and prediction results for both artificial and
unknown samples of the three components, in
spite of the unfavourably low concentrations of

the minor ones. The successful performance in the
latter cases requires a suitable wavelength selection
procedure.

It should be noticed that the absorbances of B6,
B12 and DEX are a function of the pH of the
solution. Therefore, a previous study of the
influence of the aqueous acid-base equilibria on
their absorption spectra was undertaken in order
to develop a successful procedure for the quanti-
fication of the analytes.

Since vitamin B6 is fluorescent, a method was
also developed for its determination in the pre-
sence of both B12 and DEX, by measuring the
fluorescence emission of B6 at a suitable excitation
wavelength. The results were favourably compared
with those provided by spectrophotometry
coupled to PLS.

2. Experimental

2.1. Reagents

Vitamin B6 (Parafarm-Saporiti Laboratories,
Buenos Aires, Argentina), vitamin B12 (Saporiti
Laboratories, Buenos Aires, Argentina) and DEX
(Saporiti Laboratories, Buenos Aires, Argentina)
were of analytical grade quality. Aqueous stock
solutions of B6 (1000 mg 1~ "), B12 (1000 mg 1~ ")
and DEX (4000 mg 1~ ") were prepared. Commer-
cial injectables were obtained from the following
laboratories: Flexicamin B12, Sidus SA (Buenos
Aires, Argentina) and Sindrolen, Temis-Lostalo
(Santa Fe, Argentina). Artificial samples were also
prepared with the analytes in the same ratio as in
the commercial samples. Doubly distilled water
was used in all cases.

2.2. Apparatus and software

Absorption measurements were made on a
Beckman DU 640 spectrophotometer, using 1.00
cm quartz cells. Spectra for subsequent manipula-
tion by the PLS-1 program were saved as ASCII
text files and transferred to a microcomputer.

Fluorescence spectra were collected on a Shi-
madzu RF 5300 PC spectrofluorometer, equipped
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with a 150 W xenon lamp, and using 1.00 cm
quartz cells.

PLS-1 was applied with the multivariate cali-
bration program MULTIVAR, an in-house pro-
gram written in Visual Basic 5.0 [31].

Capillary electrophoretic experiments were run
on a SpectraPhoresis 100 instrument, equipped
with a UV detector (Thermo Separation Pro-
ducts). Silica capillars of 0.75 um (internal dia-
meter), 70 cm (total length) and 42 cm (effective
length) were employed.

2.3. Calibration samples for PLS-1

A calibration set of fifteen samples was pre-
pared, using a central composite design in which
five levels of concentrations of B6, B12 and DEX
were introduced. The levels were in the range
53.00—87.00 mg 1~ ! for B6, 2.20—3.80 for B12 and
0.40—-0.80 mg 1~ ! for DEX, spanning a range of
B6:B12:DEX ratios from 45:2.5:1 to 160.5:1. The
electronic absorption spectra for these samples
were collected each 1 nm in the range 200—600 nm.

2.4. Unknown samples for PLS-1

In order to apply the multivariate PLS-1 method
to commercial samples, the latter were treated in
the following way. The volumes of ten ampoules of
each pharmaceutical were measured in order to
obtain the average volume. They were then mixed
to obtain a pool. An appropriate aliquot of the
latter solution was placed in a 10.00 ml volumetric
flask, and completion to the mark was achieved by
adding distilled water. The final concentrations
were within the corresponding calibration ranges.
Artificial samples (in triplicate) were prepared by
mixing appropriate volumes of the three stock
solutions and diluting with water, with final
concentrations of B6, B12 and DEX lying in the
corresponding calibration ranges and maintaining
the concentration ratio present in the commercial
pharmaceuticals. The electronic absorption spec-
tra were then read and subjected to PLS-1 analysis.

2.5. Fluorescence emission method

In order to apply the fluorescence emission
method to commercial samples for the determina-
tion of B6 (the only strongly fluorescent analyte),
they were prepared in a similar way to that
described above. B6 was determined by reading
the emission intensity at 388 nm using Aex. =290
nm. The calibration plot was linear from 0 to 20
mg 1~ 1. Triplicate samples were prepared to final
concentrations of ca. 10 mg 1~ ".

2.6. Capillary electrophoretic method

All runs were performed in the presence of a
borate buffer (5.0 x 10~ ?mol 1", pH 8.5), using a
voltage of 15 kV. Detection proceeded by UV —vis
absorption at 4/ =240 nm. The linear ranges of the
three analytes were determined to be 0-300 mg
1~ (B6), 0-150 mg 1~ ' (B12) and 0—100 mg 1~
(DEX). Quantitation in the unknown samples
proceeded by comparison of the corresponding
peak areas with those of standard solutions of the
following concentrations: 250.0 mg 1~' (B6), 10.0
mg 17" (B12) and 10.0 mg 1~ ! (DEX).

2.7. Theory of PLS-1

Multivariate methods such as PLS involve a
calibration step in which the relation between
spectra and component concentrations is esti-
mated from a set of reference samples, and a
prediction step in which the results of the calibra-
tion are used to estimate the component concen-
trations in an unknown sample spectrum [32]. The
PLS-1 version is optimised for the determination
of a single analyte of interest, setting the optimum
number of loading vectors A is in order to avoid
overfitting. This is done by applying the cross-
validation method described by Haaland [33].

2.8. Analytical figures of merit

Selectivity, sensitivity and limit of detection can
be calculated and used for method comparison or
to study the quality of a given analytical technique.
We have calculated the sensitivity from:
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SEN, =1/ 'b || 1)
where || - || indicates the Euclidian norm, and the
selectivity from:

SEL, = st [l / II'sy |l )

where s, is the vector of spectral sensitivities of
component k in pure form and sj is the corre-
sponding projection onto the net analyte signal
space. Details concerning the latter calculations
can be found in previous papers [34]. The limit of
detection is given by:

LOD, =3 [ [ || by || ©)

The analytical sensitivity is defined as the ratio
between the sensitivity and the noise level:

7 =SEN,/ || ¢ | “4)

It allows to compare analytical methods regard-
less of the specific technique, equipment and scaled
employed, and establishes the minimum concen-
tration difference (y; ') which is statistically dis-
cernible by the method along the dynamic range.

2.9. Wavelength selection

Although PLS-1 is usually considered as a full
spectrum method, literature shows a growing
tendency to perform variable selection before
multivariate regression, in order to improve its
predicting ability. This is especially so when highly
diluted analytes occur within a matrix of more
concentrated components with strongly over-
lapped spectra. Many different procedures have
been published for wavelength selection [35]. We
have employed a moving window strategy, pre-
viously found to be successful in chemical systems
of similar complexity to the one under study [31].
Briefly, the cross-validation variance is computed
using a variable number of latent factors in
spectral ranges characterized by two parameters:
the first sensor and the window width. A three-
dimensional plot of the variance for the optimum
number of factors in each window is produced, as
a function of the latter two parameters. Location
of the minimum variance allows to select an
appropriate working spectral region. However,
the technique should not be blindly applied: after
selecting an adequate region, care should be taken

in checking whether the results are consistent with
the spectroscopic properties of the analytes at
hand.

3. Results and discussion
3.1. Spectrophotometry-multivariate calibration

UV-vis spectra of solutions of the three pure
components were recorded at three different pH
(acid, neutral and alkaline), with the correspond-
ing results shown in Fig. 1. A significant spectral
overlap is apparent between the spectra of all three
analytes in the region 215-300 nm at the three
selected pH values. Furthermore, B6 and DEX
display a strong collinearity in alkaline solutions
(see Fig. 1C), which is not present in either
strongly acid or neutral solutions. Since the
mutual relationship among the three spectra is
relatively unaltered in the pH range from acid to
neutral, it was decided to work at a pH of ca. 6,
which results on dissolving and diluting the
commercial samples with distilled water.

The next step consisted in the study of Beer’s
law for the three analytes at pH 6. The estimated
linearity ranges were as follows: 0—80 mg 1~ ' for
B6 at the absorption maximum of 290 nm, 0-90
mg 1! for B12 at 350 nm, and 0—15 mg 1! for
DEX at 235nm.

Spectral analysis suggested that the combination
of derivation and zero-crossing could not be used
for the simultaneous determination of all three
analytes. Indeed, no optimum wavelength in the
analyzed spectral range was found at which
spectral derivatives could be useful. It was thus
decided to apply the multivariate method PLS-1.

3.2. Calibration and prediction PLS-1 results

The cross-validation optimum number of fac-
tors and statistical parameters obtained when
applying PLS-1 are shown in Table 1. These results
were obtained in the wavelength ranges found to
be optimal by the procedure described above. The
use of full spectral ranges for all analytes led to
very poor statistical indicators for the calibration.
It should be noticed that the selected working
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Fig. 1. UV-vis absorption spectra at different pH values of
aqueous solutions of: (—) B6, (- )Bl2and (- - -)
DEX. (A) pH 2, (B) pH 6, (C) pH 12. The concentrations are
B6, 50.0 mg 1!, B12 50.0 mg 1~ ! and DEX, 13.0 mg 1~ ".

regions which are automatically found by compu-
ter calculations should always be checked against
real spectra for consistency. In our case, the
selected ranges coincide with the location of
component spectral peaks with minimum over-
lapping, a fact which strongly supports their use
for multivariate regression.

Both B6 and BI12 show comparably good
statistical indicators (Table 1). In the case of
DEX these indicators are somewhat poorer

Table 1

Calibration and validation results for the determination of
vitamin B6, vitamin B12 and dexamethasone by spectrophoto-
metry and PLS-1 analysis®

B6 B12 DEX
Calibration results
Spectral range 266-275  436-545  236-255
Number of factors 1 2 3
RMSE CV (mg 171" 1.4 0.1 0.05
REP% 2.0 3.6 7.6
Validation results
RMSEP (mg 1Y) 2.2 0.1 0.04
REP% 3.0 3.3 6.4

a

1 I 12
RMSE (CV or P) = L T Z(caa —Cpred)z}

REPY% =

100[ |- Y2
(cac -G red):|
¢ -1 Z v

(although still reasonable) due to its very low
concentration in the mixtures. The figures of merit
calculated by applying Egs. (5)—(8) are summar-
ized in Table 2. As can be seen, the sensitivity and
selectivity is higher for B6, and its limit of
detection is correspondingly lower as compared
to the minor components.

Aqueous samples artificially spiked with vitamin
B6, B12 and DEX and pharmaceutical formula-
tions (see Section 2) were analyzed by this
procedure and the results are shown in Table 3.
As can be seen, the recoveries are satisfactory,
even for the minor components B12 and DEX. All
values reported in Table 3 are within the 90—-110%
limit recommended by Pharmacopeias.

Table 2
Analytical figures of merit of the spectrophotometric/PLS-1
method

B6 B12 DEX
LOD; (mgl™1h 0.04 0.09 0.08
SEL, 0.99 0.44 0.09
SEN,* (AU I mg™}) 0.036 0.017 0.020
e (Ilmg™") 72 34 40

% AU = absorbance units.
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Table 3
Prediction results on artificial and commercial samples and comparison with capillary electrophoresis

B6 B12 DEX
Actual content (mg) 250.0 10.00 2.00

Predictions

Artificial sample PLS-1 25245 (101%)
CE 25141 (100%)
I 3.08

Flexicamin B12 PLS-1 253410 (101%)
CE 250+1 (100%)
t* 2.99

Sindrolen PLS-1 25548 (102%)
CE 25141 (100%)
t? 3.11

10.040.3 (99%)
10.240.2 (102%)
2.60

10.140.4 (101%)
10.040.1 (100%)
3.33

10.140.3 (101%)
10.040.1 (100%)

3.59

2.0240.08 (101%)
2.0540.01 (102%)
2.76

1.9340.05 (97%)
2.0140.04 (100%)
276

1.90+0.06 (95%)
2.0040.02 (100%)
274

The results are averages of three replicates and are given in mg per sample. The sample volumes are: artificial sample, 3.00 ml,
Flexicamin B12, 3.00 ml and Sindrolen, 5.00 ml. The recoveries for the commercial samples (between parenthesis) were calculated from

the contents declared by the manufacturing laboratories.

@ Calculated value of the statistical 7 coefficient for the comparison of means. Critical value at 99% confidence level and 4 degrees of

freedom: 4.60.

3.3. Spectrofluorometric method

Vitamin B6 was determined in pharmaceutical
injectables by applying conventional spectro-
fluorometry. Standard solutions of B6, B12 and
DEX were prepared and excited at 290 nm, leading
only B6 to emit fluorescence at 388 nm. In the case
of B12 and DEX, no significant emission was
registered in the spectral range examined for B6
(300-550 nm). Furthermore, inner filter from the
minor components is not expected to seriously
interfere.

Information about the maximum concentration
at which linearity may be expected (i.e. absorbance
of B6 <ca. 0.02 U) was obtained from its electro-
nic absorption spectrum. According to linearity
tests, the dynamic linear range was 0.07—18 mg
17!, and the results obtained for the calibration
graph were intercept = 1.0(5), slope = 23.9(5), r* =
0.9999 (fluorescence intensity units are arbitrary),
RSD of a sample containing 10 mg 1~ ' = 0.4%.

The prediction results for B6 in commercial
injectables by applying this procedure were ex-
cellent: 256+5 mg per ampoule for Flexicamin
B12 and 256+7 mg per ampoule for Sindrolen
(averages of ten ampoules), i.e. the recoveries

calculated from the contents declared by the
manufacturing laboratories are 102% in both
cases. Both results are within the 90—-110% limit
recommended by Pharmacopeias.

3.4. Comparison with capillary electrophoresis

In order to compare the presently obtained
results with a reference technique, capillary elec-
trophoresis was applied to the same samples
studied by PLS-1. The results, collected in Table
3, show comparably good recoveries using either
method. Furthermore, a statistical ¢-test was
applied in order to compare the pairs of means
obtained, with the corresponding values also
quoted in Table 3. In comparison with the critical
t value (4.60 at 99% confidence level with 4 degrees
of freedom), it can be concluded that the differ-
ences are not statistically significant.

4. Conclusions

A method has been developed for the simulta-
neous determination of vitamin B6, vitamin B12
and dexamethasone phosphate in injectables,
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based on UV-vis spectral measurements com-
bined with PLS-1 multivariate calibration. The
recoveries on artificial and commercial samples are
satisfactory. Vitamin B12 was determined in the
same samples by fluorescence emission in the
presence of both vitamin B6 and dexamethasone
phosphate. The results compare favorably well
with those obtained by the former method. PLS
results were successfully validated against capillary
electrophoresis.
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