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Abstract

A simple and highly sensitive method for the determination of thiamine in pharmaceuticals has been developed. It is
based on the reaction between thiamine and 18-molybdodiphosphate heteropoly complex (18-MPC), which occurs at
pH=10, created by the addition of 10 % sodium carbonate. The reaction takes place at room temperature. 7-minutes
are sufficient for the complete reduction of 18-MPC. The stability of heteropolyblue is limited and absorbance
significantly decreases after 10 minutes of reaction. The optimal concentrations of 18-MPC and sodium carbonate
were found to be 0.64 mM and 2.4 %, respectively. The ratio of 18-MPC to thiamine in the reaction is 2 : 1, which is
shown by the method of continuous variations. Four electrons are accepted by the thiamine molecule during the
oxidation of 18-MPC. In this case, a two-electron heteropolyblue is formed with an absorption maximum at 820 nm.
The calibration dependence is linear in the range of thiamine concentrations from 2 to 80 uM with a detection limit
of 0.8 uM using a cuvette with 0.5 cm path length. The proposed method has been successfully applied to the
determination of vitamin B1 in three different pharmaceutical formulations containing other B vitamins, vitamin B6
and vitamin B12.
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CIHEKTPO®OTOMETPUYHE BUSHAYEHHSA TIAMIHY 3A PEAKLIE€EI0O OKUCHEHHA 18-
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AHoTalis
Po3po6/ieHO mpocTUil i BHCOKOYYT/JIMBUH MeToJ BH3HaYeHHs TiaMiHy B d¢apMaleBTUYHHMX MNpenapartax. Bin
I'PYHTYETbCA HA peaknii Mk TiamiHoM i 18-moni6goaudochaTHuM rereponosikommiekcom (18-MPK), saka
Big6yBaeTbca 3a pH = 10, crBopeHuM AoAaBaHHAM 10 % kap6oHaTy Hatpil. Peakuia BiaGyBa€eTbca 3a KiMHaTHOI
TeMnepatypu. i noBHOro BigHOB/IeHHA 18-M®K gocTtaTHbO 7 XBU/IMH. CTiHKiCTh reTeponoJiicuHi € 06MexxeHo10, i
CBITJIONOIJIMHAHHA CYyTTEBO 3MEHIIY€EThcA nmic/ia 10 XBUIMH peakuii. 3HaliAeHi onTiMaibHI KOHIeHTpanii: 18-M®PK
- 0.64 MM Ta KOHIleHTpaLisA HaTpil kap6oHaTy - 2.4 %. CniBBigHOmeHHs 18-M®K Ta TiamiHy B peakuii ckiagae 2 : 1,
L0 MOKa3aHO MeTOAOM i30MOJIIPDHUX cepiil. YOoTHPH eJIeKTPOHM NPUHMAKTHCA MOJIEKYJ0KW TiaMmiHy mig 4ac
oKucHeHHs 18-M®K. BogHoyac yTBOPIOETBCA JBOXEJIEKTPOHHA reTepoNoJIiCHHb i3 MaKCUMyMOM INOIJIMHAHHA 3a
820 HM. 'paayoBa/ibHA 3aJIeXKHICTh € JIiHiINIHOI0O B Aiana3oHi KOHLeHTpauii tiaminy Big 2 o 80 MkKM 3 Mexelo
BUABJeHHA 0.8 MKM 3a BUKOPHCTAaHHSA KIOBETH 3 JOBKWHOI0 NOI/IMHAW0Yoro mapy 0.5 cM. 3anponoHOBaHMH MeTO/,
6yB yCHillIHO BUKOPHMCTaHUH [ BU3HAYeHHA BiTaMiHy B1l B TpboX pi3HMX dapManeBTHYHMX KOMNO3MIiAX, 110
MicTaTh iHIIi BiTaminu rpynu B, Taki sk Bitamin B6 Ta BiTamin B12.
Kaiouogi cnoea: cnektpodoTomeTpis; TiamiH; 18-Moni6goandocdat; dapmareBTHYHI mpenapaTH.
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Introduction

The normal functioning of the human body
requires organic and mineral substances, most of
which the body can synthesize on its own.
However, there is a group of essential substances
that can only be obtained from the outside - these
are vitamins. One of the B vitamins is thiamine
(vitamin B1), which is found in yeast, soybeans,
spinach, potatoes, carrots, cabbage, wheat and oat
husks, as well as in bread made of unleavened
flour. Thiamine deficiency causes diseases such as
beriberi and Wernicke-Korsakoff syndrome, and
hypervitaminosis leads to increased activity of
acetylcholine, which plays an important role in the
pathogenesis of allergy. It can cause anaphylactic
shock, so its quantification is necessary [1]. For
women and men, the recommended daily intake of
thiamine is approximately 1.1 and 1.2 mg,
respectively.

Currently, a large number of methods have
been proposed for the determination of thiamine,
mostly chromatographic [2-6]. For routine
analysis, the luminescent method based on the
oxidation of thiamine to thiochrome by potassium
ferrocyanide and extraction [7;8] remains the
main method. This method is the most reliable and
selective. At the same time, it has a number of
disadvantages. Excess ferrocyanide can destroy
thiochrome, so extraction is used, but this
complicates the method, and the use of toxic
organic solvents is currently excluded in analytical
chemistry. Hg(I1) does not affect the fluorescence
of thiochrome, but it is known to be highly toxic.
Existing spectrophotometric methods are
insensitive and non-selective [7-13].

Heteropoly anions (HPAs) are intensively used
in chemical analysis as analytical forms for the
determination of a limited number of elements.
Only molybdenum HPAs with Keggin structure
can be used as effective analytical forms because
their formation reaction is selective and they can
be reduced to form intensely colored heteropoly
blues. There are only five elements that can form
molybdenum HPAs with Keggin structure
including P(V), Si(IV), Ge(IV), As(V) and Ga(III)
[14; 15]. HPAs can be also used as analytical
reagents, mainly for the determination of
substances with reducing properties [16-18].
Typical analytes for which HPAs are used include
important substances such as polyphenols or
ascorbic acid. Recently, we proposed the use of 18-
molybdodiphosphate heteropoly complex with
Dawson structure (18-MPC) in the analysis as an
efficient reagent for the determination of reducing
agents, including polyphenols [19], ascorbic acid

[20-22], p-aminophenol [23] and cysteine
[20; 24]. 18-MPC has stronger oxidative
properties than other HPAs. Its oxidizing capacity
is strongly pH dependent, and it can be used in a
wide pH range from 2 to 12. Therefore, by
adjusting the pH, optimal conditions can be found
for the determination of many reducing agents
and high selectivity can be reached. Examples
include the determination of ascorbic acid and
cysteine [20] in a mixture. These reactions are
easily automated by using flow methods of
analysis [20-24].

The aim of this work is to develop a simple,
selective and sensitive method for the
determination of thiamine using its direct
oxidation reaction with 18-MPC. The optimal
conditions for obtaining the reduced highly
colored form were found. Accuracy, precision and
selectivity of the developed method were
evaluated on the example of analysis of several
pharmaceutical preparations.

Experimental part

Reagents and instrumentation.

The ammonium salt of the a-isomer of 18-MPC
(NH4)6P2M018062x14H,0 was synthesized as
described in the literature [21]. A 0.01 M solution
of 18-MPC was prepared by dissolving 0.7855 g of
the synthesized salt and diluting it to 25 mL with
distilled water. A 4 mM solution of 18-MPC
prepared by dissolving a 628.4 mg of the sample
in a 50 mL flask was used as the analytical reagent.
Thiamine chloride monophosphate dihydrate
(>99 % purity) was purchased from Sigma
Aldrich, Germany. An 8 mM thiamine solution was
prepared by dissolving a 67.46 mg of sample in
distilled water in a 25 ml flask followed by a
hundredfold dilution. A 10 % solution of sodium
carbonate was used to create a strongly alkaline
environment in which the reaction took place. The
absorbance and absorption spectra were
measured using a UV-vis spectrophotometer SF-
46 (LOMO, St-Petersburg, Russia) with glass cells
having a path length of 5 cm.

Procedure for the determination of thiamine
with 18-MPC.

In a 25 ml volumetric flask, mix an aliquot of
thiamine solution corresponding to its final
concentration between 2 and 80 uM, 4 mL of 4 mM
18-MPC solution, 6 mL of 10% sodium carbonate
solution, and bring to the mark with distilled
water. After 7 minutes, the absorbance is
measured in a 0.5 cm cuvette at a wavelength of
820 nm.
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Results and discussion

Investigation of the reaction between thiamine
and 18-MPC and search of the optimal conditions
for the determination of thiamine.

In a preliminary study, it was found that
thiamine could be oxidized by 18-MPC in a
strongly alkaline medium created by the addition
of sodium carbonate or sodium hydroxide.
Examination of the dependence of the absorbance
on the order of addition of the reagents showed
that the result obtained was little dependent on
the mixing order, except when sodium carbonate
and 18-MPC were mixed first. The maximum
absorbance was obtained with the following
mixing order - thiamine, 18-MPC and sodium
carbonate, which was used in further experiments.

0.7
0.6
0.5
0.4

0.3

Absorbance

0.2

0.1

From these results it is clear that if sodium
carbonate and 18-MPC are mixed first, the rapid
degradation of the heteropoly anion by the action
of the base results in a significant portion of the
reagent already being degraded by the time the
analyte is added. This leads to the important
conclusion that a more hydrolytically stable
tungsten-substituted heteropoly complex, such as
16-molybdo-2-tungstophosphate, is preferable in
this reaction.

The formation of heteropoly blue is influenced
by a number of factors, including the
concentration and nature of the substance
required to create the optimal alkalinity of the
solution, the concentration of 18-MPC, and the
reduction time.

0.2 0.4

0.6 0.8 1.0

C(18-MPC), mM

Fig. 1. Effect of 18-MPC concentration on the absorbance of heteropoly blue. C(thiamine) = 0.032 mM, C(NazCOs3) =
2.4 %, reduction time =7 min,1 =1 cm, A = 820 nm

As can be seen from Fig. 1, after a concentration
of 18-MPC = 0.6 mM, the graph of the dependence
of absorbance on the reagent concentration is
leveled. In other words, even when a twenty-fold
excess of the reagent is reached, complete

0.30 .
0.25
0.20

0.15

Absorbance

0.10

0.05

oxidation of thiamine does not occur, but the
growth of absorbance practically ceases. The
concentration of 18-MPC 0.64 mM was
subsequently chosen as optimal.

0.00 '
1

2

3 4

Sodium carbonate concentration, %

Fig. 2. Dependence of heteropoly blue absorbance on the concentration of sodium carbonate.
C(thiamine) = 0.032 mM, C(18-MPC) = 0.64 mM, 1 = 0.5 cm, A = 820 nm
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One of the disadvantages of the proposed
analytical reaction is that the degree of heteropoly
blue formation depends significantly on the
reaction time, as well as on the nature and
concentration of the substance used to create the
required acidity. Using sodium hydroxide, it is
possible to achieve a deeper reduction of 18-MPC.
However, the results in this case become much
less reproducible. Therefore, we, like other
authors, recommend using sodium carbonate to
create the required acidity. The addition of sodium

carbonate leads to pH values of about 10.0, while
the use of sodium hydroxide is accompanied by
higher basicity near pH 11.0. As can be seen from
Fig.2, in the range of sodium carbonate
concentrations from 1 to 2.5 %, the absorption of
heteropolyblue remains almost constant and
unchanged. A further increase in the soda
concentration from 2.5 to 4 % leads to a decrease
in absorption. This can be explained by the
destruction of heteropolyblue in more basic
solutions.
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Fig. 3. Influence of absorbance of heteropoly blue on reaction time. C(18-MPC) = 0.64 mM, C(NazCO03) = 1.2 (A);
2.4 % (B); 4 % (C), C(thiamine) = 0.032 mM, 1= 0.5 cm, A =820 nm

The stability of the color for the obtained
heteropoly blue over time was studied (Fig. 3). It
turned out to be low. After 10 minutes, the
absorbance drops by 15%, and after 30 minutes it
decreases by half to the initial value. Therefore,
absorbance measurements should be taken
exactly 7 minutes after preparing the solutions
and placing them in the cuvette. When using 1.2%
sodium carbonate, the absorbance is higher than
with higher concentrations of soda, but there is no
place where the absorbance is constant. With a
soda concentration of 2.4%, the absorbance
weakly depends on time in the range from five to
ten minutes (Fig. 3) and is significantly higher than
with a soda concentration of 4%. We chose a soda
concentration of 2.4%, since stable results could
not be achieved with a lower concentration. The
reaction time of seven minutes was chosen as
optimal.

Determination of the molar ratio of reactants
using the method of continuous variations.

One of the goals of the study of the oxidation
reaction of thiamine by 18-MPC was to establish
the ratio in moles in which the substances react.
The molar ratio method failed to achieve this,

since the equilibrium constant of the reaction was
not very high and we did not observe a clearly
defined inflection point on the saturation curve of
thiamine by 18-MPC. For such cases, it is
recommended to use the continuous variation
method, in which a clear inflection point is
observed regardless of the value of the
equilibrium constant.

0.5

0.4
0.3

0.2

Absorbance

0.1

0.2 04 0.6 0.8
Molar fraction of thiamine

0.0

0.0 1.0

Fig. 4. Curve of the method of continuous variations for
the reaction between 18-MPC and thiamine. C(thiamine)
+C(18-MPC) =0.32 mM,1=1 cm, A =820 nm
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It follows from Fig. 4 that during the interaction
of thiamine and 18-MPC, the highest absorbance
value is achieved at a ratio of thiamine
concentration to the sum of the reactant
concentrations of ~0.33:1. A molar fraction of
0.33 corresponds to a ratio of thiamine to 18-MPC
= 1:2. That is, for a chemical reaction between
these substances to oxidize 1 mole of thiamine, 2

moles of 18-MPC are required. As is known, in
oxidation reactions, 18-MPC behaves as a two-
electron oxidizer [19-21]. When used in excess, 1
molecule of 18-MPC accepts two electrons in the
oxidation reaction. Thus, a thiamine molecule
gives up 4 electrons in a reaction with 18-MPA.
Two electrons are involved in the oxidation
reaction of thiamine to thiochrome (Fig. 5).

ations

NH,

N7 X NZ\

OH

OH
)l\)j/\ /> +2Ks[Fe(CN)e] + 3KOH = Nl/Y\N’\g_f + 2K4[Fe(CN)e] + KCI + 3H20
HC” N Hac )\N/ N/)\S

Fig. 5. Scheme of the reaction between thiamine and oxidizing agent

Therefore, it can be concluded that the
oxidation of thiamine by 18-MPC occurs more
deeply. The fact that thiamine gives up more than
two electrons is also evidenced by another
experimental fact that we discovered. For the
method we developed, the apparent molar
coefficient of thiamine is approximately
20 000 mol-! L. cm-! under optimal conditions. If
the stoichiometry of the reaction were 1: 2, then
2 mole of heteropoly blue would be formed per 1
mole of thiamine. The molar absorptivity of
heteropoly blue is approximately 11 000 mol-! L
cm-1, and the value obtained for thiamine is
higher. Therefore, the stoichiometry of the
reaction differs from the classical one. If the ratio
of 18-MPC : thiamine were 2 : 1 (Fig. 4), the molar
absorptivity ~ would be 11.000 x 2
22.000 mol-! L cm-1. That is, the reaction occurs
according to a more complex mechanism, possibly

1.0

0.8

0.6

0.4

Absorbance

0.2

0.0 :

with a partial rupture of the chemical bonds in the
aromatic rings of thiamine.

However, another explanation is more
plausible. The ratio of thiochrome to thiamine in
chemical reaction depends on the pH, solvent, and
nature of the oxidizing agent [7]. In addition to
potassium hexacyanoferrate, many oxidizing
agents have been proposed, including KMnO4 and
MnO;, cyanogen bromide, H20, I and Hg(II).
Oxidizing agents such as KMnOs, H:0; and I;
predominantly yield a nonfluorescent product.
The oxidation of thiamine to fluorescent
thiochrome is always accompanied by the
simultaneous formation of thiamine disulfide, a
condensation product of two thiamine molecules.
Therefore, after the formation of thiochrome,
which requires 2e, another 2e is required for
further condensation to disulfide, yielding a non-
fluorescent product.

0 20

40

60 80

Thiamine concentration, uM

Fig. 6. Calibration graph for the spectrophotometric determination of thiamine with 18-MPC. C(18-MPC) = 0.64 mM,
C(NazC0s3) = 2.4%, reaction time = 7 min, 1 = 0.5 cm, A = 820 nm

The equation of the calibration graph,
constructed under the optimal conditions of the

developed method, has the form A = 0.046+0.023
+ (0.0100+0.0006)xC(thiamine), where thiamine
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concentration is expressed in pumol L-1. The from components of pharmaceutical formulations
calibration dependence is linear in the range of having reducing properties, such as ascorbic acid
thiamine concentrations from 2 to 80 pM with a  or polyphenols.

detection limit of 0.8 pM when using a 0.5 cm The proposed method was applied to the
cuvette (Fig. 6). determination of  thiamine in three

Study of interference and analysis of pharmaceutical preparations. The results of
pharmaceutical preparations. thiamine determination in samples containing a

No interferences were found for reducing large amount of other B vitamins indicate high
sugars, salicylic acid and its derivatives, caffeine, selectivity of the proposed method. The results of
oxyacids and common excipients (sodium analyses of pharmaceuticals in all cases coincided
chloride, EDTA, magnesium stearate, mannitol, well with the values declared by the
cellulose, titanium dioxide, lactose, talc and manufacturers, which confirms the accuracy and
starch) at [interferent]/[thiamine] ratios much acceptable precision of the developed method
higher than those found commonly in (Table).

pharmaceuticals. Strong interference is expected
Table
Results for the determination of thiamine in multivitamin pharmaceutical compositions by the proposed method
(mg/tablet + A, n = 5, 95% confidence level)

Producer, weight of a tablet Claimed value Found by the proposed Relative standard

method deviation
Neurorubine Forte, Switzerland* 200.0 208.9+12.2 4.7
Neurobex, Teva, Israel** 15.0 15.0+3.5 29
Neuromultivit, GL Pharma, 100.0 98.4+3.8 3.1
Austria™**

* The drug contains 200 mg of thiamine nitrate (vitamin B1) in 1 tablet. The other ingredients are: pyridoxine hydrochloride
(vitamin B6) 50 mg, cyanocobalamin (vitamin B12) 1000 pg, mannitol (E 421), powdered cellulose, microcrystalline cellulose,
corn starch, magnesium stearate, colloidal silicon dioxide, hypromellose, macrogol 6000, talc, titanium dioxide (E 171),
erythrosine (E 127)

** The drug contains 15 mg of thiamine nitrate (vitamin B1) in 1 tablet. The other ingredients are: pyridoxine hydrochloride
(vitamin B6) 10 mg, cyanocobalamin (vitamin B12) 0.02 mg, wheat starch, lactose, talc, silicon dioxide, magnesium stearate,
povidone, titanium dioxide E171, Kollicoat Protect, Ponso 4R E124

“* The drug contains 100 mg of thiamine nitrate (vitamin B1) in 1 tablet. The other ingredients are: pyridoxine hydrochloride
(vitamin B6) 200 mg, cyanocobalamin (vitamin B12) 0.2 mg, microcrystalline cellulose, magnesium stearate, povidone,
macrogol 6000, titanium dioxide, talc, methylcellulose, poly-(ethyl acrylate-methyl methacrylate) 30% of the variance

Conclusions The proposed method has high sensitivity. The

It has been shown that the oxidizing ability of ~ detection limit is 0.8 uM and can be significantly
18-MPC is so high that it can be used to oxidize ~improved by using a cuvette with a longer path
such a low-reactivity compound as thiamine. The length. Other attractive features of the method are
reaction occurs at room temperature and does not  its simplicity and fairly high precision. The method
require heating. This shows that the scope of has high selectivity suitable for determining
application of this reagent can be significantly thiamine in most pharmaceutical formulations,
expanded to determine compounds that exhibit including those containing B vitamins.
weak reducing properties. Moreover, the
oxidation of thiamine does not stop at the stage of
thiochrome formation and proceeds more deeply,
requiring about 4e for the reaction to be complete.
The downside of the proposed reaction is that the
degree of heteropoly blue formation strongly
depends on the reaction time and the
concentration of sodium carbonate. During the
optimization study, conditions were found under
which this effect manifests itself to the least
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