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Introduction 

The quality control of pharmaceutical prepar- 
ations of polyvitamins requires reliable and 
quick analytical methods. UV-visible spectro- 
photometric and fluorimetric methods gener- 
ally involve tedious and lengthy extractions [ 11, 
or thin-layer chromatography [2,3] prior to the 
measurement of absorbance. Many reversed- 
phase high-performance liquid chromato- 
graphic (HPLC) methods have been described 
which use various ion-pairing reagents such as 
sodium hexanesulphonate [4] or sodium di- 
octylsulphosuccinate [5] with preliminary auto- 
mated extraction [6] and spectrophotometric 
or electrochemical detection [7]. Other authors 
have used ion-exchange chromatography [8]. 

The application of derivative techniques in 
UV-visible spectrophotometry [9, 101, and the 
data handling capabilities of computer-based 
spectrophotometers have increased the range 
of applications of UV-visible spectrophoto- 
metry. The present paper describes a method 
which can be applied to a mixture of up to five 
vitamins at various concentrations. The tech- 
nique was first assessed by using a standard 
mixture. Two pharmaceutical dosage forms, 
viz. a dried (capsules) and a liquid (for intra- 
venous infusion) form each containing five 
hydrosoluble vitamins at different concen- 
trations, were assayed by this technique. 

Experimental 

Instrument 
A diode-array spectrophotometer HP 8451 

A with disc drive 9121, plotter 7470A and l-cm 
cells were used. 

Reagents 
Thiamine hydrochloride: Takeda USPIBP 

(Japan); riboflavine phosphate: Merck USP 
XX (RFA); pyridoxine hydrochloride: Fluka 
Ph. Eur. (Switzerland); nicotinamide: Sigma 
(USA); calcium pantothenate for biochemical 
use: Merck (RFA); sulphuric acid: Prolabo 
(France) 0.1 N solution; deionized water. 

Methods 
Preparation of the stock solution. Each 

vitamin was dissolved in 0.1 N sulphuric acid 
and then diluted with the same solvent in order 
to obtain the following final concentrations: 
vitamin B1: 16 mg 1-l; vitamin Bz: 20 mg 1-l; 
vitamin Bg: 12.5 mg 1-l; vitamin PP: 13 mg 
1-l; calcium pantothenate: 50 mg 1-l. 

Preparation of the standard mixture and 
dilutions. Vitamin formulations have different 
concentrations of the individual vitamins. To 
optimize the assay parameters, the method was 
carried out with a standard mixture in which 
the concentrations of the components were 
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chosen to give equal absorbance of the indivi- that calculated from the spectra of the stan- 
dual vitamins at their wavelengths of maximum dards at the concentrations found by the 
absorbance (0.2 absorbance unit). multicomponent analysis. 

The standard mixture was prepared in 0.1 N 
sulphuric acid in which the concentration of 
each vitamin was the following: vitamin Br: 
4 mg 1-r; vitamin BZ: 3 mg 1-l; vitamin Be: 
2.5 mg 1-l; vitamin PP: 3.25 mg 1-r; calcium 
pantothenate: 10 mg 1-l. The standard sol- 
ution was then diluted (1 + 99,l + 49, 1 + 19, 
1 + 9, 1 + 4 and 1 + 3) to obtain a range of 
0.01-0.25 of the standard mixture. 

(b) Independence of standards. This reflects 
the importance of overlapping spectra in con- 
trols and the spectral contribution of each 
component of the mixture. 

(c) Relative standard deviation, defined as the 
ratio of the standard deviation to concen- 
tration. 

Preparation of the sample. Injectable sol- Resu,ts and Discussion 
ution. The sample had the following com- 
position: vitamin Br: 10 mg; vitamin BZ: The absorption spectra of five individual 
5.46 mg; vitamin Bg: 4 mg; vitamin PP: 40 mg; vitamins are shown in Fig. 1 and their corres- 
calcium pantothenate: 6 mg; water for injec- ponding first-derivative spectra are shown in 
tion to 5 ml. 0.5 ml of the infusion fluid was Fig. 2. The zero- and first-derivative spectra of 
transferred to a 250 ml volumetric flash and a diluted sample containing a mixture of 
diluted with 0.1 N sulphuric acid to volume. vitamins are shown in Fig. 3. 

Capsules. The stated content per capsule 
was: vitamin Bl: 15 mg; vitamin Bz: 15 mg; 
vitamin Bg: 10 mg; vitamin PP: 50 mg; calcium 
pantothenate: 25 mg; lactose: 23 mg. About 
180 mg of a homogenous mixture of the con- 
tents of 10 capsules was accurately weighed 
into a 100 ml volumetric flask, dissolved in 
0.1 N sulphuric acid and diluted to volume. 
1 ml of this solution was diluted to 50 ml with 
the same solvent. 

Procedure. The zero-order and first-order 
absorption spectra were recorded in the wave- 
length region 190-400 nm. The first-derivative 
spectra were memorized in the computer, and 
the concentrations of the vitamins in samples 
were calculated by using the multicomponent 
program of the computer (“Concentration 
Method 4” of the HP8451 A calculation mode 
was used). This analysis is based on the 
absorbance characteristics of the individual 
components and a calculation of the combi- 
nation of the individual spectra that best fits 
the spectrum of the mixture [ 111. The statistical 
treatment is a weighted least squares method 
tailored for quantitative analysis, which uses a 
Savitsky-Golay smoothing algorithm. The 
degree of accuracy of the multicomponent 
calculation of concentration was assessed by 
three criteria. 

(a) Relative fit error. This is the difference 
between the measured sample spectrum and 

Choice of instrumental parameters 
As vitamins Br and B6 are photosensitive 

[12] and show maximum stability in an acidic 
medium [13], 0.1 N sulphuric acid was selected 
as the solvent and solutions were analysed 
immediately after dilution. A 10-s recording 
time was selected as a compromise between 
imprecise measurements that would be given 
by a short recording time and photodecom- 
position that might occur if too long a record- 
ing time is used. 

Absorption and derivative spectra of the 
standard mixture were recorded over various 
wavelength ranges to assess the optimal range. 
At low concentrations of vitamins, the accur- 
acy of the zero-order measurements was un- 
satisfactory. However, the better resolution of 
the overlapping bands and the narrower band- 
widths that are obtained in the derivative mode 
[9, lo] allowed concentrations as low as 1% of 
these in the standard mixture to be deter- 
mined. The highest accuracy and precision are 
obtained by using the wavelength range 190- 
400 nm (Table 1). 

Validation 
The linear regression data in Table 2 ob- 

tained by assaying different dilutions of the 
standard mixture in the range 0.01-0.25 show 
that the measurements have a proportional 
relationship with concentration. The precision 
of the results for the standard mixture in terms 
of reproducibility and repeatability (in Table 3) 
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Figure 1 
Absorbance spectra of the individual vitamins. 
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Figure 2 
First-derivative spectra of the individual vitamins. 

shows that the method has satisfactory pre- 
cision. To assess the limit of quantification, 
two standard mixtures at concentrations, con- 
siderably lower than those in the sample 
solutions after dilution as described in the 
Experimental section, were assayed. The re- 
sults in Table 4 shows that even at these low 
concentrations, reasonably satisfactory re- 
coveries were obtained. 

Application to pharmaceutical formulations 
An injectable solution and a batch of cap- 

sules containing the five vitamins were assayed 
by the proposed method. The results, and the 
precision in terms of repeatability and repro- 
ducibility, are shown in Table 5. The results for 
vitamins Br, B2, B6 and PP in both formu- 
lations and for calcium pantothenate in the 
capsule formulation were close to the stated 
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Figure 3 
Absorption and first-derivative spectra of the polyvitamin mixture. 

Table 2 
Linearity of the method: standard (0-0.01-0.02-0.05-0.1-0.2-0.25) 

VIT Bl VIT B2 VIT B6 VIT PP Calcium pantothenate 

Correlation coefficient 0.99996 0.99997 0.99995 0.99997 0.9981 
Slope 1.002 0.986 0.986 0.995 1.064 
Intercept 0.93 8.89 11.71 -0.52 -2.68 
(x lo- ) 

quantities. However, the results for calcium 
pantothenate in the injection solution showed 
considerable variation and the concentrations 
found differed significantly from the stated 
concentrations. This is probably due to the 
weak absorbance of calcium pantothenate. 
Even at its h,,, (194 nm, Fig. 1). The low 
concentration in the diluted injection (0.4 mg 
1-l) results in an absorbance of only 0.054. In 
contrast to the other vitamins, the contribution 
of calcium pantothenate to the total spectrum 
is small and consequently the accuracy and 

Table 3 
Repeatability and reproducibility of the standard mixture 

Repeatability n = 10 Reproducibility II = 10 
% Found RSD % % Found RSD % 

VIT Bl 99.3 0.42 98.9 0.82 
VIT B2 100.1 0.63 101.0 0.99 
VIT B6 99.1 0.7 98.6 1.1 
VIT PP 101.0 0.35 100.9 0.56 
Calcium pantothenate 102.3 1.04 103.5 1.7 

Reproducibility was measured on different days by the same analyst using the same 
spectrophotometer. Repeatability was measured by replicate analysis on the same day. 

precision of the assay of this vitamin is less than 
those of the other vitamins. 

As the spectra of the vitamins and their 
degradation products were different, the 
method could not be used for degraded mix- 
tures. However the statistical data generated 
allowed the presence of degradation products 
in the dosage forms to be detected. The levels 
of degradation products tolerated by the 
method have been empirically evaluated at 2% 
for each vitamin. Lactose, the only additive in 
the capsules, had no significative absorbance in 
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the 190-400 nm wavelength range in the deriv- 
ative mode and consequently did not interfere 
with the determination. 

Conclusion 

The advantage of a diode array spectro- 
photometer, which records entire spectra very 
rapidly and of the data handling and processing 
capabilities of microcomputers, are utilised in 
the proposed procedure for the assay of five 
vitamins in injectable and capsule formu- 
lations. The speed of the assay and its ability to 
detect (but not quantify) decomposition 
products permit its use for in-process control of 
the final products. It is possible that the 
method can be used with combinations of other 
vitamins also. 
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