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Determination of the colorants in vitamin E by HPLC with

photodiode array detection

MONIKA SULEKOVA, ALEXANDER HUDAK

The University of Veterinary Medicine and Pharmacy, KoSice, Slovak Republic

Introduction

Besides active ingredients, most pharmaceutical
products contain also a variety of additives. Among them,
colorants are included as well. Colorants are added to
drugs and nutritional supplements for commercial,
psychological and practical reasons?. They are substances
of natural origin, or are prepared synthetically. Natural
dyes are often unstable and easily subject to degradation
during the process of manufacture of medicinal products.
Therefore, the natural dyes are often replaced by synthetic
dyes, which have a higher stability and a low price. Some
of them, when eaten in large amounts, pose a potential
health risk. Recently, it has also been reported that
artificial dyes may be responsible for children’s Attention
Deficit Hyperactivity Disorder (ADHD), immune system
problems, and certain allergic reactions®. In Europe, the
use of colorants in food and pharmaceutical products is
regulated by the Food Colour Directive N° 94/36/EC and
N° 95/45/EC* . Due to the regulatory restrictions
regarding the use of food dyes, it seems important that the
control of medicinal products encompasses not only
qualitative and quantitative studies of active ingredients,
but also that of inactive ingredients including colorants®.
Vitamin E is a substance with many positive effects.
Therefore, it is often a popular pharmaceutical product.
On the market, it comes in the form of coloured capsules
made of gelatine. The present work is aimed to determine
the presence and amount of colour used in capsules of
vitamin E colorization from a variety of manufacturers.
The analysis was carried out by means of HPLC with
a DAD detector.

Experimental methods

Chemicals and solutions

Gradient-grade methanol for HPLC (Sigma-Aldrich,
France) and Acetonitrile for LC-MS (Merck, Czech
Republic) was used for analysis. Solid dye standard of
Ponceau 4R (Cochineal Red, E124) was obtained from
the Institute for Engineering of Polymer Materials and
Dyes, Department of Dyes and Organic Products, in
Zgierz (Poland), and the standard of carmine (Cochineal,
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E120) was obtained from Progast (Bratislava). Analytical
grade sodium acetate trihydrate was supplied by Lach-Ner
(Czech Republic). Ultra-pure water (Purelab Flex with
purification pack: LC208) was used for preparation of all
solutions. Working solution was prepared by dissolving
the appropriate amounts of powder of each colour in water
to obtain a concentration of 0.5 mg ml. Calibration
standards of dye were prepared by dilution of aliquots of
the stock working solutions. The concentration range for
the standard solution was 1-10 g ml~ of Ponceau 4R and
2,5-15 pg ml! of carmine. All solutions were stored in
dark flasks at 5 °C.

Sample preparation

All the tested samples of vitamin E were obtained from
the local pharmacy from a variety of manufacturers:
Zentiva (Czech Republic), Noventis (Czech Republic),
Dr. Max (Great Britain), Generica (Slovakia) and
Jamieson (Canada). The gelatine capsules of vitamin E
were accurately weighed and dissolved in water by heat.
The sample solutions were placed in an ultrasonic bath
(Sonorex Digitec, Bandelin, Germany) for 15 min for the
complete extraction of the colorant, followed by
centrifugation (B. Braun Sigma 2 K15, Germany) at
19000 rpm for 10 min. These solutions were filtered
through a folder paper filter and the filtrate was collected
in a volumetric flask of 10 ml. All solutions were injected
after filtering. One ml of the supernatant liquid was then
transferred into an HPLC auto-sampler vial for injection
of 20 uL onto the column.

Instrumentation and HPLC analysis

The samples of vitamin E and colorants were analysed
using high-performance liquid chromatography (HPLC).
The HPLC system Dionex UltiMate 3000 RS (Thermo
Fisher Scientific, Germany) consisted of a quaternary
pump, a degasser, an automated injector, a column oven
and a diode array detector. The DAD detector was set to
collect signals within the range of 190-800 nm.
Separation was performed on a chromatographic column
(250 mm X 4.6 mm) Polaris C18-A with a particle size of
5 wm (Varian, USA). The injection volume was 20 pL.
During the chromatographic separation the mobile phase
was Kept isocratic, at a flow rate of 1.2 ml min™'. The
mobile phase system consisted of A (CH,CN) and B
(CH,COONa : CH,OH =85 : 15, v/v) in the ratio of 20 :
80, v/v. The column was kept at 40 °C in the column oven.
Analyses were performed with the Chromeleon
Chromatography Data System, Version 7,2 (Thermo
Fisher Scientific, Germany) for collecting and processing
data. Each analysis was performed in three replicates.
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Result and discussion

Ponceau 4R and carmine are used extensively as colour
additives in drugs. For the purpose of the analysis in
question, five preparations of vitamin E, produced by
various manufacturers, were purchased from pharmacies.

Three companies offer gelatine red coloured capsules,
while two of the listed companies sell colourless gelatine
capsules. The manufacturers Dr. Max and Jamieson do
not state the use of any colorants. In the package leaflet
for the user of the vitamin E (Zentiva), synthetic dye
Ponceau 4R was mentioned among additives. A large

Table 1. Chromatographic characteristics of the method for HPLC analysis of colorants

Colorant Wavelength Equation of the LOD LOQ R? RSD
(nm) calibration graph (ng ml) (ug ml") %
Ponceau 4R (E 124) 510 y = 154.5389x + 0,2086 0.7 2.33 0.9991 1.784
Carmine (E 120) 520 y =86.1634x —0,0242 2.4 7.99 0.9989 2.421
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Fig. 1. UV/VIS spectra standard solution of carmine (10 ug ml™) — 1, and sample of vitamin E (Noventis — 2, Generica — 3)

Table 2. Retention time of different kinds of vitamin E, Ponceau 4R and carmine content in samples of vitamin E

Sample Retention time Concentration of colorant Content of colorant
(min) (ug ml) (ug/capsule)
vitamin E (Zentiva) 2.42 7.95 79.5 £0.01 (E 124)
vitamin E (Generica) 1.83 49.5 495.0 £ 0.02 (E 120)
vitamin E (Noventis) 1.87 31.48 314.8 +£0.02 (E120)
vitamin E (Dr. Max) 0 0 0
vitamin E (Jamieson) 0 0 0
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Fig. 2. UV/VIS spectra standard solution of Ponceau 4R (7 mg ml™) — 1, and sample of vitamin E (Zentiva) — 2
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number of analytical methods for Ponceau 4R have been
proposed, such as thin layer chromatography (TLC)® 7,
polarography®, spectrophotometry®, ion chromato-
graphy'® and high-performance liquid chromatography
(HPLC)"-'», Other manufacturers (Generica, Noventis)
used to colorize the aforementioned capsules of vitamin E
using the natural dye carmine. Carmine is usually
produced by means of precipitation of carminic acid in
aluminium hydroxide in the form of aluminium or of that
of aluminium-calcium salt. Carminic acid is obtained
from dried bodies of the female insect Dactylopius coccus
or Cocus cacti L., which lives on cactus plants. Several
analytical methods have been applied in order to
determine the presence of carmine, including adsorptive
stripping voltammetry'®, spectrophotometry'® '” and
HPLC'™. The manufacturers who do use the dyes do
neither provide the data related to the amount of dye per
capsule, nor per unit. For the sake of confirmation of the
presence of declared colours in the samples, UVVVIS
spectra of solutions of all samples were measured, as well
as standard solutions of Ponceau 4R (7 pug ml!) and
carmine (10 ug ml™). The spectra of the standards, in
comparison with the spectrum of the sample of vitamin
E, are shown in Figure 1 and 2. The identity of the
UVVVIS spectra of the standards Ponceau 4R, or carmine
with the spectrum of samples confirmed the presence of
the dye declared by the manufacturer. The calibration
solutions of Ponceau 4R (1-10 pug ml™') and carmine
(2,5-15 pug mlt) were prepared by means of diluting the
working solution in order to establish the quantity of the
dye that is accounted for per capsule. The calibration
solutions and solutions of samples were analysed by
HPLC method by using a DAD detector, at 510 nm for
Ponceau 4R and at 520 nm for carmine. The
characteristics of the calibration plot are given in Table 1.

In furtherance of the analysis, the exact number of three
capsules of vitamin E, which were individually weighed
and then dissolved in ultra-pure hot water, was employed
every time. Warmed to room temperature, the sample
solution was transferred to a volumetric flask and the
volume was adjusted to 10 ml with ultra-pure water. Each
sample was measured three times. Table 2 demonstrates
the results of the analysis. In the products of companies
that stated no use of dye addition, HPLC analysis did not
detected the presence of any dye.

Manufacturers do not always inform us about the
nature of the dyes used; what is more, they rarely establish
the dye content as attributed to the weight unit of
a particular drug. The expert medical circles have been
increasingly talking about the relation between the use of
additives in drugs and some health problems, such as
allergy, immune deficiency syndrome and ADHD™- 20,
The Acceptable Daily Intake (ADI) of Ponceau 4R is 0.7
mg/kg bw/day and of carmine is 5 mg/kg, based on body
weight?!-22),

Conclusions

The presence of the synthetic dye Ponceau 4R in the
capsule of vitamin E was declared by one manufacturer.
The two products state the use of natural dye carmine. In
two cases, no colorant is used. When using a dye,

manufacturers do not establish the amount of the dye as
attributed to the capsule or to the weight unit. So far, many
studies have pointed to the negative impact of various
synthetic, but also natural colorants on human health.
A trend of tightening the limits for the use of mainly
synthetic dyes in food and pharmaceutical products can
be observed nowadays. Based on the results of the study
of the impact of additive substances on human health, it is
very well-founded and vital to monitor the amount of such
substances, especially in drugs falling into the non-
prescription category, and in various products for children.

Conflicts of interest: none.
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