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Abstract

The detection limit and reproducibility of capillary zone electrophoresis (CZE) measurement of biotin were
compared to those of a spectrophotometric method and those of the determination of the sulphur content by
combustion of the biotin sample followed by coulometric titration of the formed SO,. Drug analysis showed that all
three methods gave consistent results and were suitable for the determination of biotin. CZE was found to be the best
method for the determination of pharmaceutical formulations containing biotin because of its high separation
efficiency, short analysis time, ease of instrumentation and sample preconditioning, and good precision.
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1. Introduction

Biotin is one of the lesser known water-soluble
vitamins of the B-group. Interest has been focused
on biotin since it can be successfully applied for
the treatment of skin conditions, as well as hair
and nail defects. Therefore, pharmaceutical for-
mulations containing 2.5 or 5.0 mg biotin, as a
single drug component have been developed.

A survey of analytical methods for biotin was
conducted by Friedrich [1]. Bioassays with biotin-
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requiring strains of bacteria or yeasts as indicators
or protein-binding assay methods were used for
quantification of biotin in biological media [2].
Other methods were also described such as poten-
tiometry with ion-selective electrodes [3], polarog-
raphy [4], TLC [5] and HPLC [6,7]. However,
these methods have advantages and disadvan-
tages. UV detection which is mainly employed for
HPLC suffers from the low absorbance of biotin
above 210 nm. This is a problem because most of
the conventionally used solvents strongly absorb
radiation themselves above 210 nm. Therefore,
derivative and complex sample preparation is nec-
essary in most cases for HPLC analysis.
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Recently, a method for biotin analysis in mix-
tures of multiple water-soluble vitamins by free
CZE and UV detection at 200 nm was reported
[8]. The amm of this study was to find suitable
analytical methods for routine standardization of
the content and the stability of biotin. This paper
compares the detection limit and the reproducibil-
ity of CZE with those of the spectrophotometric
method described by Shimada et al. [9] and those
of the determination of the sulphur content by
combustion of the biotin sample followed by cou-
lometric titration of the formed SO, [10].

2. Experimental
2.1. Chemicals

For CZE, thiamine hydrochloride, nicoti-
namide, nicotinic acid of BioChemika grade and
L-ascorbic acid, L-cysteine, and D-( + ) biotin of
analytical grade were obtained from Fluka
(Buchs, Switzerland). Ethanol, HPLC grade
(Laborchemie Apolda GmbH, Apolda, Germany)
and 4-(dimethylamino)-cinnamaldehyde of analyt-
ical grade (Merck, Darmstadt, Germany) were
used in the spectrophotometric measurements.

2.2. Capillary zone electrophoresis

A Hewlett-Packard (Waldbronn, Germany)
IDCE system fitted with a 600(515) x 0.05 mm
(total length (length to detector) x i.d.) fused sil-
ica capillary and an on-column diode-array detec-
tor (190-600 nm) was used for capillary zone
electrophoresis. The capillary was preconditioned
for 10 min with 1.0 M NaOH (Fluka) before the
first run and then for 2 min with 0.1 M NaOH
and 3 min with run buffer prior to each following
run. The separation conditions were: — 30 kV
voltage (detection end); 200 mbar s pressure injec-
tion; 25°C capillary temperature; and 20 mM
phosphate run buffer pH 8.0 (Fluka). The vitamin
standards were dissolved in double distilled water
to produce concentrations in the range 1-200 ug
ml~'. In the case of L-ascorbic acid 10 mM
L-cysteine was added for stabilization. The solid
preparation containing biotin was dissolved in

double-distilled water and filtered. All samples
and the buffer were filtered through a 0.2 um
syringe filter before injection. The buffer was de-
gassed by ultrasound for at least 10 min.

2.3. Spectrophotometry

A Shimadzu UV-120-02 spectrophotometer
(Duisburg, Germany) equipped with 9.97 mm
lightpath glass cuvettes was employed for the
spectrophotometric measurements. The biotin
content of the samples was determined using the
following procedure: 0.5 ml of the sample was
diluted with 2 ml of ethanol, and 0.1 ml of the
concentrated hydrochloric acid (Fluka) was
added. The solution was then mixed with an
ethanolic solution of 4-(dimethylamino)-cinnamal-
dehyde containing 4 g 1-' (for 1-10 ug ml—'
biotin) or 1 g 17! (for 10-100 ug ml~! biotin).
The intensity of the developed red colour was
measured at 531 nm within 20-25 min after the
addition of the cinnamaldehyde.

2.4. Determination of sulphur content

Combustion of the sample dissolved in water
was performed on a quartz furnace in an argon-—
oxygen (10:1, v/v) atmosphere at 1100°C and a
flow rate of 250 ml min ~' (gases from Linde AG,
Hollriegelskreuth, Germany). The combustion
gases containing SO, and SO, were trapped on
containers filled with y-AlLLO, (Merck) at room
temperature. These containers were then py-
rolyzed in a pure argon atmosphere at 1100°C
and a flowrate of 150 ml min~' to desorb the
trapped gases and to convert the formed SO, into
SO, which then was passed into the detection cell.
The sulphur content of the sample was deter-
mined by iodometric titration of the formed SO,.
The titrant, iodine, was generated electrochemi-
cally. The point of inflection was detected by
amperometric detection using the square-wave po-
larization method described by Hahn et al. [11].
Coulometric titration was performed automati-
cally with a compatible personal computer. The
electrolyte in the titration cell was composed of a
9.078 g 17! KH,PO,/11.876 g 1-!' Na,HPO,
buffer (pH 6.8) and 0.1 M KI (all Fluka); the
electrodes were made of Pt.
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3. Methods and results
3.1. Capillary zone electrophoresis

CZE has the advantage of high separation
efficiency, short analysis time, and ease of instru-
mentation and sample preconditioning compared
to the other two methods. Fig. 1 shows the elec-
tropherogram of a standard mixture of biotin
together with vitamin B, (thiamine), vitamin C
(ascorbic acid); nicotinamide and nicotinic acid
(niacine) [8].

A pH 8.0 phosphate run buffer was selected
where biotin, ascorbic acid and nicotinic acid
form anions where as thiamine occurs as a cation.
The separtion is then based on the different mi-
gration velocities of the ions in the applied electric
field. In that medium nicotinamide is a neutral
species and cannot be separated from other neu-
tral sample ingredients. The pH also influences
the magnitude of the electro-osmotic flow that is
directed towards the negative end of a fused silica
capillary. For the simultaneous determination of
cations and anions in free zone electrophoresis in
a reasonable analysis time, it was necessary to
force an electro-osmotic flow (EOF) towards the
detector (negative end) whose magnitude exceeds
the migration velocity of the analyte anions.
Therefore, a phosphate buffer of pH 8.0 was
selected where separation run time did not exceed
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Fig. 1. Electropherogram of a mixture of five vitamins. Exper-
imental details as given in text. Detector signal at 200 nm.
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Scheme 1.

10 min and an optimal separation could be
achieved.

Since the separation could be performed in an
aqueous medium biotin could be detected by UV
detection at 200 nm without further derivatiza-
tion, which is a great advantage of this method.
The lower detection limit was 3.37 g ml ~ ! biotin
and the linearity range was 3-200 ug ml~' (cor-
relation coefficient 0.998).

3.2. Spectrophotometry

The method is based on the reaction of the
biotin amino-group with 4-(dimethylamino)-cin-
namaldehyde in an acid medium to form a red
cyanine with a 4,,,, value of 531 nm (Scheme 1).
This reaction is stereospecific and invloves the less
sterically hindered N atom of the ureido portion
of the molecule. Addition of 4-(dimethylamino)-
cinnamaldehyde to the sample dissolved in
ethanol and hydrochloric acid immediately gives
an intense red colour that fades slightly with time.
The maximum absorbance was constant between
15 and 35 min (Fig. 2). Therefore, all spectropho-
tometric data were collected at 531 nm within
20-25 min after addition of the cinnamaldehyde.



438 J. Schiewe et al. § J. Pharm. Biomed. Anal. 14 (1996) 435-439

06
* **’e‘*"m*w—ﬂ——x\*\*
05F ]/‘
¥
0.4r )(/ xxxxxxxx——'x_X_—X‘——X\x\x\x
s [/ 2
203F% [
sl
g [4)
02F /
X +++++—‘+——+———~+~—+—+————_+__ +
L +
o
.
01F »
/
%
0,0 L L i i 1
0 10 20 30 40 50
min

Fig. 2. Colour development at 531 nm. + , 160 ug ml ~ ! biotin;
x, 120 pg ml~' biotin: *, 480 pg m1~' biotin.

3.3. Determination of sulphur content

Biotin was quantified using oxidative methods
for analyzing the total sulphur content in liquid
and solid samples, from the field of environmental
analysis. In the first furnace the dissolved sample
is pyrolyzed in a mixture of argon and oxygen to
form CO,, SO,, SO, and water. Argon is added to
maintain combustion conditions. According to
the thermodynamic equilibrium and the kinetics
of sulphur oxide generation, a small amount of
SO; is formed depending on the reaction tempera-
ture, reaction time and the partial pressure of
oxygen (Scheme 2). This SO, must be reconverted
into SO, prior to the detection. For this reason
the sulphur oxides were trapped on 7-Al,O; and
afterwards desorbed at 1100°C in an oxygen-free
atmosphere in the second furnace. In this way
quantitative formation of SO, from the sample
sulphur content could be maintained. The quan-
tification of the formed SO, was performed by
iodometric titration according to the Bunsen reac-
tion (Scheme 3). lodine is formed electrochemi-

SO, + 12 O —® SO, A H° =-85.6 kJ/mol

Scheme 2.

SOy + 6Hy0 + Iy — SO, + 21" + 4Hy0"

Scheme 3.

Q=i-t=n-F-z
Scheme 4.

cally from iodide. The electrolyte in the detection
cell, therefore, consisted of sodium iodide and a
phosphate buffer (pH 8.0) to maintain a low
H,O " concentration. The point of inflection was
determined by amperometric detection. The
amount of 1odine necessary for the titration was
calculated from the transferred charge using Fara-
day’s law (Scheme 4). The coulometric titration is
an accurate working method for the absolute
determination of small sample amounts (parts per
million to parts per billion range).

4. Results

Table | lists the calculated analytical parameters
of all three methods. As represented by the stan-
dard deviations and the lower limits of detection,
the method of derermination of the sulphur con-
tent permits the measurement of absolute values.
Therefore, no calibration is necessary. In contrast,
CZE and spectrophotometry are relative methods.
CZE has the advantage of good reproducibility,
but the limit of detection is rather high. The

Table |
Analytical parameters, of the three methods

Method Standard Lower limit of
deviation detection
(replicates)

CZE 0.29 ug ml~! 3.37 ug ml~!
(n=3)

Spectrophotometry 1.8 ug ml—1» 4.1 pgml—'3
0.45 ug ml='® 122 yg ml-'®
(n=28)

Sulphur content 0.12 ug 0.75 pug°
(n=75)

11 g 17" 4-(dimethylamino)-cinnamaldehyde (10—100 zg ml~'
biotin).

®4 g 17" 4~(dimethylamino)-cinnamaldehyde (1-10 xg ml~'
biotin).

“ Three times the standard deviation of the zero value.
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Table 2
Comparison of the results of biotin determination in
Gabunat™ by the three methods

Method Result (mg)
CZE 4.63 +0.03*
4.79 £ 0.03
Spectrophotometry 38403
44403
Sulphur content 4.46 + 0.11
4.52 +0.08

“95% Confidence intervals (7 = 3).

biotin content of the pharmaceutical preparation
Gabunat® (Wolfer GmbH, Bovenau, Germany)
that contains the single drug was determined us-
ing all three methods (Table 2).

5. Summary

All three methods gave consistent results and
are suitable for determination of biotin. CZE gave
the best results and allows the analysis of biotin in
complex sample matrices, because it is a separa-
tion method. In contrast, the spectrophotometric
method is more sensitive but is less reproducible.
Moreover, the quantification of unknown samples
is affected by bathochromic or hypsochromic
shifts depending on the sample matrix. The coulo-
metric method is strictly limited by the fact that
none of the other sample ingredients can contain
sulphur; however, this technique has the advan-
tage of being an absolute method. For these

reasons, CZE is the best method for the determi-
nation of pharmaceutical formulations containing
biotin.
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