The Open Analytical Chemistry Journal, 2009, 3, 1-5 1

Quantitative Simultaneous

Estimation of Water Soluble Vitamins,

Riboflavin, Pyridoxine, Cyanocobalamin and Folic Acid in Neutraceutical

Products by HPLC

Shahnaz Perveen *, Arfa Yasmin® and Khalid Mohammed Khan®

“PCSIR Laboratories Complex, Karachi, Shahrah-e-Dr. Salimuzzaman Siddiqui, Karachi-75280, Pakistan

YH. E. J. Research Institute of Chemistry, International Center for Chemical and Biological Sciences, University

of Karachi, Karachi-75270, Pakistan

Abstract: Water soluble vitamins e.g. riboflavin (B,), pyridoxine (Bg), cyanocobalamin (B;,) and folic acid in neutraceu-
tical product have been determined simultaneously by using a rapid, precise and time saving new high performance liquid
chromatographic method and its validation. The method involves gradient elution of mobile phase through C;g discovery
column (Supelco, Sigma-Aldrich) in a reverse phase chromatography with UV detection at 254 nm at ambient tempera-
ture. The ranges for quantification for B,, Be, B, and folic acid were 0.13 mg g™ (0.57-131 ug g™), 0.235 mg g™ (3-235
ug gh), 7.94 x 102 mg g (8-80 ug g") and 9.66 x107 mg g” (10-97ug g"), respectively. For the validation of the
method, linearity, precision, accuracy and robustness have been performed. The repeatability was measured in terms of
RSD value. The RSD for all vitamins was below 1%. Recovery of vitamins ranges from 98.6 to 100.5%.

INTRODUCTION

In 1933, Kuln and co-workers first isolated riboflavin
from eggs in a pure crystalline state and named it ovoflavin.
Riboflavin in free form is found in the retina of the eye, in
whey and in urine. Riboflavin is distributed in some degree
in virtually all naturally occurring foods, e.g. liver, heart,
kidney, milk, eggs, lean meats and fresh leafy vegetables are
particularly good source of riboflavin [1]. Riboflavin can be
assayed by chemical, microbiological, and biological meth-
ods. Both fluorometric [2] and microbiological [3] assays are
official methods of the Association of Official Analytical
Chemicals (AOAC). High performance liquid chromatogra-
phy (HPLC) has been applied to the determination of ribo-
flavin in a variety of foods by reverse-phase HPLC method
[4]. Its use as a column additive is approved by the Food and
Drug Administration 21 CFR (73:450).

Vitamin Bg is identified and named pyridoxine in 1934.
The analysis of vitamin Bg in food is complicated by the fact
that six forms (vitamers) are found in nature, therefore mi-
crobiological, colorimetric and HPLC methods are currently
used [5-7]. Rich sources of vitamin Bg are chicken, pork,
fish, organ meats, and eggs.

Vitamin B¢ deficiency symptonology includes the follow-
ing chemical signs: eczema and seborrheic dermatosis, in the
ears, nose, and mouth; cheilosis, glossitis and angular stoma-
titis and hypochromic and microcytic anemia.

Vitamin By, deficiency includes paresthesias of the hands
and feet, decreased deep-tendon reflexes, unsteadiness and
potential psychiatric problems. Such as moodiness,
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hallucinations, delusions and psychosis. Vitamin Bj, is not
present in plants, and therefore dietary deficiencies can occur
in strict vegetarians. Cyanocobalamin is the commercial
form of vitamin By, and specifications are found in the codex
for use as food [8], and in the USP for pharmaceutical use
[9].

Vitamin Bj, can be determined by microbiological, ra-
dioisotope dilution, spectrophotometric, chemical or biologi-
cal methods employing animals [10-12]. Spectrophotometric
determination at 550 nm is relatively insensitive and is use-
ful for the determination of vitamin B;, in high potency
products such as premixes. Thin layer chromatography and
open column chromatography have been applied to both di-
rect assays of cyanocobalamins. An indirect method is
atomic absorption spectrophotometric analysis of cobalt in
dry feeds. Recently a high performance liquid chroma-
tographic (HPLC) method is reported which is suitable for
premixes, raw materials and pharmaceutical products con-
taining 20-100 ug vitamin By, [13].

Folic acid deficiency is the result of megaloblastic ane-
mia. One of the chemical signs of acute folate deficiency
includes a red, painful tongue. Folic acid as pteroylglutamic
acid is not found naturally in foods. Methods for determining
folic acid in food include biological, microbiological, chemi-
cal, chromatographic and radiometric assays [14-17].

Analysis of water soluble vitamins B,, Bi,, folic acid,
biotin and pantothenic acid based on biosensor-based vita-
min analysis technology, this method is sensitive but did not
analyze the vitamin Bg simultaneously [18]. In another
method simultaneous determination of seven water soluble
vitamins nicotinamide, thiamin, riboflavin, pyridoxine, pyri-
doxal, pyridoxamine, cyanocobalamine and folic acid were
carried out by using ion-pair chromatography [19]. Never-
theless, the detection time is very high and the UV detector
has to set at different wavelengths. Literature showed simul-
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taneous determination of four B-group vitamins, By, Bs, By
and B, but By, has been detected separately at 550 nm [20].

We want report herein a new method which simultane-
ously analyses four water soluble vitamins Bg, folic acid,
B2, and B, in a complex mixture (neutraceutical) by HPLC
using UV detector at 254 nm. Details of the method and its
validation were reported.

MATERIALS AND METHODS

Potassium dihydrogen phosphate (BDH, Anala R), for-
mic acid (BDH, Anala R) and methanol (BDH, Anala R)
were used. Standard solutions of riboflavin (B;), pyridoxine
(Bg), cyanocobalamin (B;,) and folic acid were freshly pre-
pared. Folic acid, vitamins B,, Bs and B;, were purchased
from Sigma-Aldrich. Acetic acid (BDH, Anal R), HCI (rea-
gent grade and water (deionized) was used.

HPLC Method

The high performance liquid chromatographic system
used was equipped with a solvent delivery 200 HPLC pump
(Perkin Elmer Series) with online degasser, UV/VIS detector
(Perkin Elmer Series 200), Perkin Elmer NCI 900 network
chromatography interface, and a data processing unit com-
paq.

HPLC column discovery Cig, 25cm x 4.6mm, Sum (Su-
pelco, Sigma-Aldrich) was used for the separation of vita-
mins. A gradient of methanol and buffer (30:70, in eight
minutes) of 50 mM (0.05M) potassium dihydrogen phos-
phate having pH 4.2 + 0.1, adjusted with formic acid was
used as mobile phase. The flow rate was maintained at 1 ml
min”. Wave length of detection was 254 nm. An injection
volume of 20uL was chromatographed, and the whole chro-
matography was performed at ambient temperature.

Preparation of Standard Solution

The standard samples B, Bg, Bj» and folic acid 100 mg
(each) were accurately weighed and transferred into three
100 mL volumetric flask separately and 100 mg of B, was
transferred into 250 mL volumetric flask. Initially 7 mL of
acetic acid and 50 mL of methanol were added to each flask;
the contents were dissolved by sonication for 10 min and
allowed to cool to ambient temperature. The contents were
diluted to volume with water and thoroughly mixed. These
solutions were used as reference working standard solution
(Fig. 1). Prior to injecting into the liquid chromatograph, the
solution was filtered through 0.45 um membrane filter. The
samples were quite stable at room temperature. The stock
solutions of standards were kept in a refrigerator for further
use and remain unchanged for a period of a month.

Preparation of Sample Solution

15.07 g of neutraceutical enriched with vitamins was
accurately weighed and transferred into a 250 mL round bot-
tom flask. Initially about 10 mL of 0.1 N HCI and 80 mL
water was added and then reflux on boiling water bath for 15
min. After completion of refluxing period the flask was
cooled and volume made up to 100 mL in a volumetric flask.
The content was centrifuged (1400 rpm) to remove sus-
pended material. The supernatant solution was first filtered
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through a Whatman No. 1 filter paper and the resulting fil-
trate was again filtered through 0.45 um membrane filter
before injection into LC system (Fig. 2). The stock solutions
of sample were kept in a refrigerator for further use and re-
main unchanged for a period of a month.

RESULTS AND DISCUSSIONS

Standard solutions containing B,, Be Bj, and folic acid
equal to 20, 50 for linearity, 80, 100, 120, 150 and 180%
were prepared and examined by the assay procedure. The
peak area responses measured for B, Bg B> and folic acid
were plotted versus concentration and a linear response was
obtained over the range of concentrated studied for all four
ingredients. The slope of calibration curve and proximity of
all points to the calibration curve demonstrates that the
method has adequate sensitivity to the concentrated of vita-
mins B,, Bg, B, and folic acid.

The accuracy of the assay procedure was determined by
carrying out recovery experiments by spiking the standard.
Amounts of B,, B¢, By, and folic acid equivalent to 20, 50,
80, 100, 120 and 150% of the theoretical assay concentration
were added to the formula amount of neutraceutical prepara-
tion and the mixtures were subjected to the assay procedure.
The results so obtained are summarized in Table 1. The re-
covery experiment shows that the method is sufficiently ac-
curate and there is no significant interaction between the
active components and excepients.

The precision of assay method was determined under
repeatability condition by an experiment in which six prepa-
rations were made from the same batch of formulation and
were analyzed by one operator on a single occasion. The
results are presented in Table 2. The intermediate precision
was assessed by another experiment in which two analysts
on two different instruments with six independent determina-
tions assayed the same batch of formulation. The results are
statistically valid as shown in Table 3.

The robustness of the assay method was assessed with
respect to alternations in flow rate, column (same column but
of different batch) and change in wave length of UV of the
standard and sample, as stability of working standard and
test solutions stored in amber glass at ambient temperature.
The results show that the new HPLC method is robust to
small changes in flow rate, change in column, and the solu-
tions exhibited a good degree of stability. The LOD for B,,
Bs, By, and folic acid were found to 0.57, 3, 8 and 10 ug g'l,
respectively.

Neutraceutical preparation omitting B,, Bs, B, and folic
acid was examined by the assay procedure. No peak due to
excipients in the formulation was observed at the typical
retention times for B,, Bg, B, and folic acid. Therefore, it is
concluded that the assay method is specific for both active
ingredient in the presence of excipients of formulated prod-
uct. The suitability of the system was defined by determining
the value of column efficiency, tailing factor and resolution
factor using the method in VSP. Column efficiency was
greater than 1000 per column, tailing factor was not more
than 2 and resolution factor is greater than 3 for B,, B, B>
and folic acid (Table 4).
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Fig. (1). Chromatogram of standards By, folic acid, B, and B,.
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Table 1. Recovery Experiment (Reproducibility) for B,, B, B;; and Folic Acid by Proposed HPLC Method (n = 6)
*B, "By By, “Folic Acid
Amount Amount Recover Amount | Amount Recover Amount | Amount Recover Amount | Amount Recover
Added Found o Y| Added | Found o Y| Added | Found o Y| Added | Found 0 y
mg g’ mg g’ mgg' | mgg' mgg' | mgg' mgg' | mgg'
5.0265 5.0184 99.84 5.0418 5.0327 99.82 5.1347 5.1302 99.91 5.1385 5.0652 98.57
10.0147 10.0113 99.97 10.1357 10.1462 100.10 8.0364 8.0154 99.74 9.5417 9.5524 100.11
13.5461 13.5326 99.90 15.2481 15.2346 99.91 10.2207 10.2115 99.91 10.0132 10.0087 99.96
15.1135 15.0478 99.57 20.3108 20.3216 100.05 15.1184 15.1063 99.92 15.1167 15.0314 99.44
20.0028 20.0417 100.19 23.5107 23.5016 99.96 18.5174 18.5416 100.13 18.2145 18.2257 100.06
25.2314 253153 100.33 25.0159 25.1327 100.47 20.2168 20.2511 100.17 20.1548 20.1734 100.09
*Mean = 99.97, standard deviation +0.268; % RSD =+ 0.268
"Mean = 100.05, standard deviation +0.228; % RSD = + 0.228
‘Mean = 99.96, standard deviation +0.16; % RSD =+ 0.16
“Mean = 99.71; standard deviation +0.61; % RSD=+0.612
The dependence of retention time on flow rate has been Table 4. Stability Indicating Results and Instrument Repeat-

observed for both standard and sample and it was found that
a increase in flow rate decrease the retention time of B,, B,
B, and folic acid in a regular manner. The HPLC method
has been found to be time saving with a high degree of preci-

ability (n =4)

Time Period Peak Area of Standard Solution (a. u)

(Hour)

sion and accuracy. B, B B Folic Acid
Table 2. Precision Under Repeatability Conditions (n = 6) 0 7515091 3151394 7028085 9831283
Foli 8 7501432 | 3152461 7014893 9824361
olic
s Riboflavin | Pyridoxine | Cyanocobalamine .
Determination (% L.S) (%L.S) % L.S) (‘;&c]ids) 16 7500981 | 3150873 7019476 9826147
(1] ol
24 7501076 | 3145524 | 7011875 9819875
01 98.24 99.46 97.57 100.24
02 98.76 99.35 97.87 100.51 Time Period Peak Area of Sample (a. u)
03 98.57 98.98 97.48 99.85 (Hour) B, Bs B, Folic Acid
04 99.01 99.32 98.09 99.89
05 99.56 98.84 98.04 9925 0 353222 107092 813628 298368
06 99.36 99.02 98.24 100.15 8 350146 109241 821476 297475
Mean 98.75 99.16 97.90 99.98 16 351485 119976 814385 289956
SD +0.48 +0.22 +0.31 +0.46 24 352673 118795 812469 287973
% RSD 4049 1022 +0.32 +0.46
CONCLUSIONS
Table3. Intermediate Precision (n = 4) This paper describes a simple, rapid, economic and accu-
rate quantitative simultaneous estimation of water soluble
Folic vitamins, riboflavin, pyridoxine, cyanocobalamin and folic
Instrument | Analyst (.,/B]j s) (.,/B]j s) (.,/B]‘j s) Acid acid in neutraceutical products by HPLC. A validation of this
o o o (% L.S) method was carried out and showed that specificity, robust-
ness and precision are guaranteed.
A 99.01 99.32 97.49 100.15
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