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Summary

A new direct HPLC procedure for the simultaneous
determination of sulbutiamine (Arcalion) and other
thiamine disulfides in human plasma has been
developed. The method involves an automated solid-
Phase extraction on octadecylsilyl (C18) cartridges and
hromatographic separation of the compounds on an

P Select B column with gradient elution using
Methanol and phosphate buffer. Detection was by
fluorescence of the resulting thiochromes obtained
from two on-line post-column reactors. Optimization
of post-column reaction parameters has been achieved.
This method has been proved to be highly selective for
the determination of the thiamine disulfide derivatives
and quantitation limits of 5 ng - ml™ 1 were obtained for
€ach compound in human plasma. Linearity was in the
Tange 5 - 200 ng - ml~ 1. Precision and accuracy were
also demonstrated by within-day and between-day
3ssays, and showed the good reliability of the method.

Introduction

Many thiamine disulfide derivatives have been synthe-
S1zed and developed for their clinical applications in
Uman growth and thiamine deficiency [1]. Arcalion
00 (Sulbutiamine, I) is a thiamine derivative obtained
fom free thiamine by three structural modifications:
!) opening of the thiazole ring, ii) dimerisation to a
sulfide compound, iii) esterification of the two
?lCOholic functions. These modifications enhance the
IPophilic properties of sulbutiamine relative to the
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hydrophilic character of free thiamine [2, 3]. The drug
is a psychotropic agent prescribed for the symptomatic
treatment of functional asthenias [4]. Effects on long
term memory formation [5] and on the waking state [6]
have also been shown. In vivo, conversion of thiamine
disulfides to free thiamine has been known for many
years [1]. Numerous methods for the determination of
thiamine and its phosphoric esters have been published
[for a review, see 7 and 8], but only a few techniques
have been studied for the quantitation of thiamine
disulfide derivatives, since these compounds are not
directly oxidized to thiochromes. One of the first
analytical method developed involved a pre-column
reduction of disulfides to thiamine with cysteine fol-
lowed by chromatographic analysis of the thiaminic
residues [9-11]. A polarographic determination of
thiamine disulfide in combination with other vitamins
has also been described [12-13]. A colorimetric method
for the determination of thiamine disulfides, involving
derivatization with 2,6-dichloro-p-benzoquinone-4-chlo-
rimine has also been published [14]. The disadvantages
of these techniques were the poor sensitivity obtained
or the non-specificity of the analysis, due to the off-line
reduction of disulfides to thiamine derivatives.

This paper describes a new HPLC method for a
sensitive simultaneous determination of sulbutiamine
(I) and its main derivatives: thiamine disulfide (II) and
monoisobutyryl thiamine disulfide (III) in human
plasma (see Figure 1). The method involves solid-phase
extraction of plasma samples, liquid chromatographic
separation of the three disulfides, post-column reduc-
tion and oxidation followed by fluorimetric detection
of the resulting thiochromes. Optimization of post-
column reaction parameters is described and results of
analytical validation are presented.

Experimental

Materials and Reagents

Sulbutiamine (isobutyrylthiamine disulfide) and mo-
noisobutyryl thiamine disulfide were obtained from
Technologie Servier (Orléans, France). Thiamine di-
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Reduction and oxidation mechanisms of thiamine disulfide derivatives.

sulfide was supplied from Aldrich (Strasbourg, France).
Mono-3,5-dinitrobenzoyl thiamine disulfide was ob-
tained from thiamine disulfide by derivatization with
3,5-dinitrobenzoy! chloride [15], Technologie Servier
(Orléans, France). L-cysteine hydrochloride was pur-
chased from Sigma (La Verpilliere, France). Potassium
hexacyanoferrate (III) was obtained from E. Merck
(Darmstadt, Germany). All other reagents were of
HPLC grade.

Chromatographic System

The chromatographic apparatus consisted of a gradient
HPLC system from Beckman (Gagny, France) equipped
with a model 126 pump, a model 507 autosampling
injector with a 200 pl loop and a cooling module (4 °C).
Data acquisition were done on Gold System software
from Beckman. Detection was achieved with a pro-
grammable fluorescence detector F 2000 from Hitachi
(B. Braun Sciencetec, les Ulis, France), with an 18 pl
flow cell. The excitation wavelength was set at 365 nm
and the emission monitored at 433 nm, with 10 and
20 nm band pass respectively. An RP select B analytical
column (125 x 4 mm i.d., particle size 5 pm; Hewlett-
Packard, les Ulis, France) was used at a constant
temperature of 40 °C. Mobile phase consisted of a
gradient of methanol and 0.011 M potassium dihydro-
gen phosphate buffer at pH 4.5 (Table I). The flow rate
was 1 ml - min~ !

Post-column reduction of disulfide compounds was
carried out in a coiled polyether ether ketone (PEEK)
capillary reactor coil (9 mx0.5mm i.d.) heated at
70 °C (SHP99 heating module, Chrompack, les Ulis,
France), with an aqueous cysteine solution (0.5 g of
cysteine dissolved in 11 of 0.033 M phosphate buffer,
pH 7) which was delivered with a Beckman pump
(model 126) at a flow rate of 0.2 ml - min™ * and mixed
with the eluate stream in a t-piece (0.5 mm hole).
Oxidation of thiamine residues was with an aqueous
solution of hexacyanoferrate (II1) (142 ¢g- -1
K3 [Fe (CN)¢], 0.004 M in aqueous 2 M sodium hy-
droxide) dellvered with a Waters pump (M 510) at
0.2 ml - min~ 1. The reactor consisted of a coiled PEEK
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SO =

Thiamine Thlochrome
=R'= Rg Sulbutiamine (1)
R=R'= Ry Thiamine disuifide (1)

R=R;, R'=R2 Monoisobutyryl Thiamine Disulfide (III)

R=R1,R'=R3 Mono-3,5-dinitrobenzoyl Thiamine Disulfide (IS)
Table I, Gradient elution profile used for thiamine disulfide
separation.

t (min) Methanol (%) Phosphate buffer (%)
0 10 90
5 10 90
10 35 65
30 62 38
35 10 90
50 10 90 ]

capillary (3 m x 0.25 mm i.d.). Both post-column rea-
gents are stable for 48 hours in the dark. A flow
diagram of the chromatographic system is given in
Figure 2. The reduction recovery was calculated by
comparison of peak areas of pure thiamine disulfide
and thiamine solutions, injected in to a C1 column
(150 x 4.6 mm, 5 um) purchased from Interchim (Paris,
France) and eluted with an isocratic mobile phase of
0.011 M potassium dihydrogen phosphate buffer and
methanol (65/35, V/V), at 1 ml -min~ 1. Post-column
reaction systems were the same as described previous-

ly.

Sample Preparation

Stock solutions of sulbutiamine and its analogueés
were prepared in methanol at a concentration of
1mg-ml” 1" A stock solution of the internal standard
was prepared in acetonitrile at a concentration of
1mg-ml™

These stock solutions were stored at + 4 °C and kep!
for four weeks. Standard solutions of the drug and it
derivatives were prepared from the corresponding
stock solutions by dilution m purified water to 2
concentration of 100 pug - ml™ 1 and stored at + 4 °C for
one week. Each working day, a standard solution of the
internal standard was also prepared by dilution of the
stock solution in purified water.

The solid-phase extraction procedure was achieved
with an automated Benchmate system from Zymark
(Roissy, France), using a non-polar bonded sorbent
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Flow diagram of the chromatographic system.

Octadecyl Amprep purchased from Prolabo (Paris,
France). All the extraction procedure was protected
from direct light to minimize possible degradation of
Sutbutiamine.
Before extraction, plasma was centrifuged at 1500 g for
10 min. An aliquot of plasma (0.8 ml) was transferred
Into a 15 ml tube and spiked with 25 pl of the internal
Standard solution (2 ug - ml” 1). After adjustment to
PH 1.5 with 200 pl of 1 M hydrochloric acid, the plasma
Solution was carried through the cartridge which had
€en previously conditioned with 3 ml of acetonitrile
followed by 3 ml of 0.1 M nitric acid. The cartridge was
then successively washed with 2 ml of purified water
and 2 ml of acetonitrile. Elution was performed with
Sml of a mixture of aqueous trichloroacetic acid
(0.6 %, V/V) and acetonitrile (10/90, V/V). The eluate
Was then evaporated to dryness under a nitrogen
Stream, and 300 pl of the chromatographic eluant,
0.011 M phosphate buffer/methanol (90/10 V/V) were
added to the extract. 100 pl were injected in the
Chromatographic system.

Results

On-Line Post-Column Oxidation and Reduction

A double post-column reaction was involved for
the detection of disulfide compounds. Thiamine di-
Sulfides were first reduced with a cysteine solution to
free thiamine derivatives, which were then oxidized
o the corresponding thiochromes with ferricyanide
(Figure 1).
Oxidation conditions previously described for thiamine
OXidation into thiochrome [16-19] in a basic medium
Were used. Reduction of disulfides to thiol compounds
Was achieved in a very short time with a cysteine solu-
tion in a neutral medium. In fact, a pH of 7 for the
“Ysteine reagent allowed both a high reduction recov-
€Iy and a quantitative oxidation (Figure 3).
The optimum concentration of cysteine solution
¥as set between 0.5 and 1 g-l‘1 (Figure 4). Below
Sger 1, the reduction efficiency decreased and
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concentrations above 1 g - I~ could lead to an insolu-
bility of both reduction and oxidation reagents, result-
ing in inhibition of the oxidation.

The effect of temperature in the range 40 °C-70 °C
upon the reduction efficiency is shown in Figure 5. A
temperature of 70 °C was selected; higher temperatures
would have given higher reduction efficiency, but
would have induced problems such as degasing in the
detector flow cell. Under these conditions, reduction
recovery was estimated at 90 %, based on the compari-
son of responses of thiamine disulfide and free thia-
mine solutions in the chromatographic system.

As these post-chromatographic on-line reactions gave a
highly selective response for thiamine disulfides, an
analogue of the disulfide compounds, 3,5-dinitroben-
zoyl thiamine disulfide, was chosen as internal stand-
ard.

~
—-

Peak Height

pH
Figure 3

Effect of cysteine reagent pH on the reduction efficiency of
thiamine disulfide.
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Effect of cysteine concentration on the reduction efficiency of
thiamine disulfide.
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Effect of cysteine reagent temperature on the reduction efficiency
of thiamine disulfide.
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Chromatograms of human plasma extracts obtained from (a) blank plasma spiked with the internal standard (IS) (62.5 ng - ml™ ), and (b)
plasma spiked with sulbutiamine (I), thiamine disulfide (IT), monoisobutyryl thiamine disulfide (III) and the internal standard (IS) (100 ng - m!

! for each compound).

Chromatographic Analysis

Separation of the different thiamine disulfides was
achieved on an RP Select B column with a linear
gradient of methanol and phosphate buffer. The
gradient elution profile was optimized in order to
permit an efficient separation of the compounds
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without affecting the post-column reactions. ThuS
methanol percentage was maintained below 65 % iP
order to avoid precipitation of post-column reagents.
Typical chromatograms obtained from plasma sample®
spiked with the three disulfide derivatives and th¢
internal standard are shown in Figure 6.
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The compounds were eluted in the order of their
hydrophobic properties. Thiamine disulfide was detect-
ed at 16.3 min, monoisobutyryl and mono 3,5-dini-
trobenzoyl thiamine disulfides were eluted at 22.8 min
and 25.0 min. Sulbutiamine which is more hydrophobic
had a retention time of 30.5 min.

Extraction Procedure

Previous methods of determination of thiamine di-
Sulfides used plasma deproteinisation with trichloro-
acetic acid as sample pretreatment [1, 10, 11]. Although
this procedure allowed an efficient purification step,
the large volume of acid needed limited the sensitivity
due to the volume of the extract. A novel extraction
Procedure has been studied, involving solid-phase
extraction on a non-polar C18 bonded sorbent. The
three hydrophobic compounds were adsorbed on the
C18 cartridge in an acidic medium. The pH of the
Plasma was thus set at 1.5 with hydrochloric acid.
Below this pH, slight degradation of sulbutiamine was
observed, and above pH 2, the extraction was less
efficient from human plasma. Elution was performed
With acidic acetonitrile, that allowed an efficient
desorption of the three compounds and of the internal
Standard. After evaporation of the organic phase, the
€xtract, dissolved in the mobile phase, could be directly
injected in the chromatographic system. Figure 6 shows

The absolute extraction recovery was greater than
70 % for the three disulfides (Table II), calculated by
comparing the slopes of one calibration curve estab-
lished in human plasma and a standard curve estab-
lished in a pure water solution. Extraction recovery of
the internal standard was 92 %, based on the compari-
son of responses of six replicates of the compound
spiked in human plasma and in pure solution at the
concentration level used in the calibration.

Precision, Accuracy and Linearity

Standard curves were constructed by plotting the peak
height ratio of each compound to the internal standard
versus the concentration added. A weighted least
squares regression analysis was used, with a weight
proportional to the inverse of the square of the
estimated ratio. In this way, linearity was demonstrated
over the range 5-200 ng- ml™ 1in plasma for each
disulfide derivative (Figure 7). The mean slope ob-
tained during 5 different batches was respectively of
0.025 (CV =7 %) for sulbutiamine, 0.033 (CV =16 %)
for thiamine disulfide and 0.030 (CV =5 %) for monoi-
sobutyryl thiamine disulfide.

Table II. Absolute solid-phase extraction recovery in human
plasma.

the selectivity of the extraction procedure, with no Compound Recovery (%)
Interfering peaks having been detected in five different
human plasmas. An extraction of plasma samples 111 ;;
Containing free thiamine and thiamine phosphates 11 7
showed that these compounds did not interfere in the IS (n = 6) 92
chromatographic separation.
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Figure 7 .

Calibration curves obtained from human plasma in the range 5-200 ng - ml™! for (+) sulbutiamine (I); (x)
thiamine disulfide (II) and (*) monoisobutyry! thiamine disulfide (III).
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The quantitation limit was set at 5Sng - ml~ 1 for each
thiamine disulfide derivative based on a series of four
experiments (Table III). The detection limit was esti-
mated at 350 to 450 fmoles depending on the com-
pound, based on a signal to noise ratio of 3.

Precision and accuracy of the method were determined
by within-day and between-day assays. The coefficients
of variation (CV) were calculated from analysis of
different control samples for each assay (Table IV).

Stability of Disulfide Compounds

The stability of the compounds was assessed under
different storage conditions. The three compounds
proved to be stable in human plasma after one freeze
and thaw cycle, and during the solid-phase extraction
procedure for at least 28 hours at room temperature
(Figure 8). Moreover, the stability of plasma extracts
containing the disulfide derivatives was not affected
during 24 hours at + 4 °C in the autosampler.

Conclusion

A novel and direct liquid chromatographic method for
simultaneous determination of thiamine disulfide com-
pounds has been developed. This technique, involving
on-line post-column reduction and oxidation, allows a
highly selective detection of thiamine disulfides. More-
over, this technique is highly sensitive since the
quantitation limit is 5 ng - ml™ " in human plasma for
sulbutiamine and its derivatives. Precision and accura-
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Figure 8

Stability of thiamine disulfides derivatives in human plasma during
the extraction procedure (28 h, ambient temperature; (o) sulbu-
tiamine (I); (A) thiamine disulfide (II) (0) monoisobutyryl thiamine
disulfide (III).

cy of the method have been demonstrated with intra
and inter-assays. The efficiency of the solid-phase
extraction procedure allows quantitation in human
plasma over the concentration range 5-200 ng - ml™ .
The stability of each disulfide compound has been
observed under different storage conditions.

This method can be applied to the determination of
sulbutiamine and its main disulfide metabolites in
human plasma after administration of Arcalion.

Table ITI. Quantitation limits obtained for each disulfide deriva-
tive.
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