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Abstract
New approach has been proposed for the simultaneous determination of two reducing agents based on the depen-
dence of their reaction rate with 18-molybdo-2-phosphate heteropoly complex on pH. The method was automated
using the manifold typical for the sequential analysis method. Ascorbic acid and rutin were determined by successive
injection of two samples acidified to different pH. The linear range for rutin determination was 0.6-20 mg/L and the
detection limit was 0.2 mg/L (1 = 1 cm). The determination of rutin was possible in the presence of up to a 20-fold ex-
cess of ascorbic acid. The method was successfully applied to the determination of ascorbic acid and rutin in ascorutin
tablets. The applicability of the proposed method for the determination of total polyphenol content in natural plant
samples was shown.
Keywords: spectrophotometric determination, rutin, ascorbic acid, 18-molybdo-2-phosphate heteropoly anion.

OAHOYACHE BUBHAYEHHA IBOX AKTUBHHUX KOMIIOHEHTIB
SAPMALNEBTUYHUX ITPENIAPATIB ITIOCJ1JOBHO IHX KEKIIIMHUM
METOZA0M I3 BUAKOPUCTAHHAM IETEPOITIOJIIKOMIIVIEKCIB
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AHoTanisa

3anponoHOBaHO HOBUM MiAXiJ A0 OJHOYACHOro BU3HAYEeHH$ JBOX BiJlHOBHUKIB, AKUN I'DYHTYEThCA HaA 3aJ1€KHOCTI
IIBUAKOCTI iX peakuii 3 18-M01i670-2-pocdopHuM rereponostikommiaekcom Big pH. MeTos aBTOMaTU30BaHO 3 BUKO-
PHUCTaHHSM THMIOBOI'O NPUJIAAy METOAY NOCAiJ0OBHOIrO iHKeKLiliHOro aHasi3y. ACKOp6iHOBY KUC/IOTY i pyTUH BU3HaA-
4eHO NpH NOCAiAO0BHIN iHKeKLii ABOX 3pa3KiB, migKHc/JIeHuX A0 pisHuX pH. IHTepBan AiHiHHOCTI Mg Yac BU3HAYEHHA
pyTuHy ckiaaaas 0.6-20 mr /1, a Mexka Bu3Ha4yeHH 6ys1a 0.2 mr/u (1 = 1 cM). BusHaYeHHA pyTUHY MOXK/IMBE y IPUCYTHO-
cTi 20-pa30Boro HaAJIMIIKY aCKOPGIHOBOI KMCJI0TH. MeToz 6y/10 yCIIIIHO anpo60BaHO /11 BU3HAYEHHS aCKOPGiHOBOI
KHMCJIOTH B TaGJIeTKaxX «ACKOpyTHHY». [loka3aHO MOXK/IUBiCTh 3aCTOCYBaHHS 3alIPONIOHOBAHOT0 METOAY AJIs1 BU3HAYEeH-
H# 3araJibHOT0 BMicCTy noJlipeHo 1iB y NPUPOJAHUX POCTUHHMX NIpenapaTax.

Karuosi cnosa: ciekTpopoToMeTpUyHe BU3HAYEHHS, PYyTHH, aCKOp6iHOBa KUC/I0Ta, 18-Mosi60-2-bocdopHuii reTepomnoi-
aHioH.
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OAHOBPEMEHHOE OIIPEAEJIEHHUE ABYX AKTUBHbIX KOMIIOHEHTOB
PAPMALEBTUYECKHUX ITPEINTAPATOB ITIOCJIEJOBATE/IbHO UHXXEKITMOHHBIM
METO/0OM C UCITI0/Ib30OBAHHUEM IETEPOIIOJIMKOMIIJIEKCOB
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Xatieeil 3apka AmmaHn, 3apka, 13110, HopdaHus
2/THenponempogcKull HaYUOHAIbHYbIU yHUsepcumem umeHu Oaecst [onuapa,
npocn. [aeapina, 72, /J[Henponemposck, 49010, YkpauHna
3Yuueepcumem ILH. Wlagpapuxa, SK-01454 Kowuye, Crosaykas pecny6auka
AHHOTaAaULUu4A
IIpeanokeH HOBBIM MOAXOJ K OJHOBPEMEHHOMY OMNpeJe/IeHHI0 ABYX BOCCTAHOBUTeJIeH, KOTOPBI OCHOBbIBaeTCAd Ha
3aBMCHUMOCTH CKOPOCTH UX peakuuu ¢ 18-mo0m60-2-pocdopHbIM rereponoiukomMiiekcom ot pH. Metog aBToma-
THU3HUPOBAH C HCI0/Ib30BAHMEM THIIUYHOr0 NpUGOpa MeToJa Noc/JeJ0BaTe/IbHOT0 MHKEKIIMOHHOr0 aHa/Iu3a. ACKop-
GHMHOBAsA KHMCJIOTAa U PYTHH onpejeieHbl IPH N0C/IeA0BaTeJJbHOM HHXKeKTUPOBAaHUM JABYX 06Pa310B, NOAKHUCIEHHBIX
A0 pa3HbiX pH. UHTEpBaJ IMHEIHOCTH NPH onpeJe/ieHUuU pyTUHA coctaBua 0.6-20 Mr/j, a npejes 06GHapyKeHUs —
0.2 mr/a (1 =1 cm). OnpeaesieHre pyTUHA BO3MOXKHO B NPUCYTCTBUM 20-KPaTHOI0 U36bITKA ACKOPGUHOBOM KHUC/IOTHL.
MeTopg, 661/ yCHEeHO anpo6GUpoBaH AJIA onpeje/ieHUsA aCKOpGMHOBOM KUC/IOTHI B TaG/ieTKaxX «AcKopyTuHa». [loka-
3aHa BO3MOXKHOCTb IPMMEHEeHM NpeJJI0KeHHOT0 MeToAa AJ1A onpeje/ieHUus oGLIero coAepKaHus noanudeHo/10B B
NMPUPOJHBIX PAaCTUTEbHBIX NIpenaparax.
Karuesvle cs1068a: cieKTpodOoTOMeTpUYECKOE OMpe/iesieHre, PyTHH, aCKOPOHHOBAsA KUCJI0Ta, 18-Mo1n6/10-2-dpocdopHblii re-

TEePOIOJIMAHHUOH.

Introduction

The ever increasing demand for more and more
rapidly obtained analytical information from clin-
ical, environmental and industrial samples, in
which a large number of analytes have to be de-
termined at low concentrations, has strongly in-
fluenced the development of modern instrumen-
tal analytical chemistry. Therefore, the partial or
complete elimination of human interaction is a
clear trend in the analytical laboratory. Automat-
ed on-line procedures are independent of «opera-
tor error» and are highly repeatable [1].

Flow analysis methods are widely used to solve
many problems of chemical analysis taking in-
to account the possibility of full automation, high
throughput, flexibility and relatively low cost for
single analysis. As it follows from the new trends
existing in flow methods, increasing attention is
being paid to the multicomponent analysis. The
review of the literature has shown that contrary
to the situation with flow injection analysis only
several papers devoted to the sequential injection
analysis (SIA) have appeared in this field [2; 3].

Among the various detection techniques used
in flow injection analysis (FIA), visible spectro-
photometry has been the most predominant [4; 5].
FIA provides high sample throughput, high repeat-
ability and easily automated operation. It is widely
used for the determination of pharmaceuticals. Se-
quential injection analysis (SIA) based on princi-
ples similar to FIA, but with the possibility of uni-
versal flow manipulation, was introduced in 1990.
Among the major benefits of SIA systems are re-
duced consumption of reagents by at least one or-
der of magnitude, robust hardware and flexible
control software which enables the convenient op-

timization and operation of the system [6].

The many of the existing procedures for the de-
termination of reducing agents are based on the
slow reactions. Therefore, their implementation
into flow/sequential analysis can lead to the de-
crease of sample throughput and significant in-
crease in dispersion thus worsening the sensitivity
of the analysis. So far, batch and flow spectropho-
tometric methods based on the reduction of Fe(III)
to Fe(II) or Cu(II) to Cu(I) with ascorbic acid (AsA),
followed by the complexation of Fe(Il) or Cu(I)
with different reagents, have found extensive use
for the determination of reducing agents [7]. The
methods using heteropolyanions (HPAs) in spite
of their simplicity, stability and high coloration of
the reaction products are not so widespread. One
of the main reasons for that was the slowness of
the reactions between Keggin HPA and reducing
agents [8].

As a result of the search for the more appro-
priate reagent, very fast reaction of 18-molyb-
do-2-phosphate HPA P,Mo 0, ,° (18-MPA) with
reducing agents was proposed and several sim-
ple, fast, automated, sensitive and rather selective
sequential injection methods have been devel-
oped by us for the determination of ascorbic ac-
id, p-aminophenol, epinephrine and cysteine [4; 6;
8-12]. 18-molybdo-2-phosphate HPA has one of
the highest reduction-oxidation potentials among
other known HPAs. Comparing with Keggin's
HPAs, reactions of this HPA with reducing agents
are much more rapid, more selective, convenient
in the realization. In addition, much more com-
pounds can be determined by using this reagent.

Spectrophotometry as well as FIA/SIA meth-
ods usually allow determining only one compound
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that significantly reduces their attractiveness. Si-
multaneous determination of two or more com-
pounds comparatively seldom used in the flow
methods of the analysis. The reactions between
heteropoly anions and reducing agents have many
useful properties which can be used for the devel-
opment of the analytical methods for the simulta-
neous determination of two or more compounds.

In this work, the new approach has been pre-
sented for the simultaneous SIA determination of
two active substances in pharmaceutical formula-
tions by using 18-molybdo-2-phosphate HPA with
Wells-Dawson structure as reagent. The method
is based on the manifold typical for the SIA meth-
od. Ascorbic acid and rutin were determined by
successive injection of two samples acidified to
different pH.

Experimental

Reagents and apparatus. All used re-
agents were of «p.a» grade and distilled wa-
ter was used throughout. 0.01 M solution of
(NH,) P,Mo 0,,-14H,0 (18-MPA) [4] was pre-
pared by dissolving 0.7855 g of the saltin a 25 ml
flask. 66.4 mg of rutin C, H, O, -3H,0 were dis-
solved in ethanol and made up to 100 ml to make
a 0.001 M stock solution. The concentrated acetate
buffer solution of pH 4.7+0.2 was prepared by dis-
solving 10.1 g of sodium acetate in 50 mL of water,
mixing in a 4.0 mL of glacial acetic acid and adjust-
ing the resulting mixture to a volume of 100 ml.
The phosphate buffer solution of pH 7.4+0.1 was
prepared by dissolving 1.17 g of NaH,PO,-2H,0
and 7.78 g of Na,HPO,-12H,0 in water and making
to a volume 500 ml.

Absorbance measurements were made using
SF-26 spectrophotometer equipped with 10 and
50 mm light-path cells. The pH of the solutions was
monitored using an EV-74 pH-meter with glass
and silver/silver chloride reference electrodes.

Sequential injection system. A commercial
FIAlab® 3500 system (FIAlab® Instruments, USA)
with a syringe pump (syringe reservoir 5 mL) and
an 8-port selection Cheminert valve (Valco Instru-
ment Co., USA) was used. A tungsten light source
and a USB 2000 UV-VIS fiber optic CCD detector
(OceanOptics, USA) were connected to the flow
system via 600 pm i.d. optical fibers with SMA con-
nectors (FIAlab® Inc., Bellevue, USA). The entire
SIA system was controlled using the latest version
of the FIAlab program for Windows. Flow lines
were made from 0.75 mm i.d. PTFE tubing and a
10 mm optical Z-flow through-cell was used.

General SIA procedure. The configuration of the
SIA manifold employed for the determination of

ascorbic acid and rutin is shown in Fig. 1. At the
first stage of the measurements, syringe pump was
filled with 1000 uL of acetate buffer solution with
pH 4.7 or phosphate buffer solution with pH 7.4
used as the carrier solution, the syringe pump
valve was set out and 220 pL of sample through
port 5 (sample acidified to pH 4.7) or 2 (sample
acidified to pH 7.4) and 40 pL of 4-103 M 18-MPA
through port 4. At the last measurement stage, the
spectrometer reference scan was made, and then
320 pL of the colored solution were forced away
through port 6 into the Z-flow cell at 30 uL s (at
higher flow rates probability of bubble detention
on the walls of flow cell increased), the flow was
stopped for 10 s. The measured absorbances were
averaged during this time. At last, the remained
solution and water containing in the system were
displaced into the waste container by emptying
the syringe pump. That amount of water was suffi-
cient for the thorough washing of the system.

Procedure for the determination of total phenolic
contents. 1 ml of sample was dissolved in 10 ml of
ethanol and filtered. 1 ml of this sample was intro-
duced into 25 ml volumetric flask and mixed with
1.25 ml of 0.001 M 18-MPA and 5 ml of phosphate
buffer solution. The flask was then filled with wa-
ter to the mark. Absorbance was measured after
10 min at 820 nm against water.

Waste

Radiation
source
Z-flow cell

Sample 1

Syringe valve

Waste

Multiport
valve

Reagent

Fig. 1. SIA manifold for the simultaneous determination
of ascorbic acid and rutin

Procedure for the determination of total flavo-
noids. 1 ml of sample was mixed with 0.2 ml of
10% AICl, and 0.2 ml of 1 M CH,COONa 10 ml in
test tube and volume was made up. Absorbance
was measured after 30 min at 424 nm against wa-
ter.

Results and discussion

Sequential injection system. In a typical sequen-
tial injection system (Fig. 1), the multiport valve
selects the sample, reagents and carrier/wash al-
iquots, which are sequentially aspirated towards
the holding coil. A stack of reproducible unseg-
mented plugs is then assembled inside this coil.
The flow is thereafter reversed and the valve is
switched in order to direct these plugs towards
the detector. During transport of this stack, the
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sample and reagent plugs penetrate one another
as a consequence of dispersion, and the interac-
tions between their components give rise to one
or more detectable species that can be monitored
during passage of the processed sample through
the detector.

In 1999, Honorato et al. [13] developed the
flow-batch analyzer (FBA). The main component
of this manifold was the mixing chamber [14].
Most FBA systems described in the literature em-
ploy peristaltic pumps for moving liquids and a
multi-commutation system, usually three-way so-
lenoid valves for directing the fluids towards the
mixing chamber or continuing the loop flow.

One of the main distinctions between flow
batch analysis and previously known FIA/SIA
techniques consists in the change of diffusion
mass transfer between sample and reagent zones
to more effective convective stirring. Thus, an ana-
lytical signal is measured under conditions, when
it reaches a maximum value in the given analyti-
cal procedure.

By using of a FBA method, the optimization of
the flow variables of the manifold can be greatly
simplified because the parameters of the analyti-
cal method found in batch conditions can be used
almost without any changes. The combination of
the FBA manifold with such modules as an auxil-
iary vessel or a sorption column allows effective-
ly to preconcentrate the analyte. By the carrying
out the extraction process or the absorption of
the gaseous species in the reaction chamber, the
configuration of the system is significantly sim-
plified [5; 15; 16]. The configuration of the FBA
system is in many situations more flexible than
that for the FIA/SIA methods and shows greater
analytical efficiency. New possibilities are given by
the integration of the mixing chamber with a mea-
surement cell. At the same time, FBA has lower
throughput than that for known flow methods but
this feature is not always asked for in real analysis.

In appropriate conditions, 18-molybdophos-
phate Dawson HPA reacts with most of reducing
agents almost immediately, colour of the obtained
blue is stable at least for one day. Obtained hetero-
poly blue is characterized by high molar absorptiv-
ity. High reactivity of the 18-MPA towards a variety
of species such as paracetamol, many representa-
tives of polyphenols, bears promising perspective
towards the development of the appropriate ana-
lytical methods.

The range of pH in which the reaction goes be-
tween HPA and reducing agent considerably dif-
fers for various species. On this basis, a whole
number of effective methods for the simultane-
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ous determination of different species can be de-
veloped. Such examples can include the proce-
dures for the determination of paracetamol and
its degradation product p-aminophenol, ascorbic
acid and rutin in ascorutin, ascorbic acid and fla-
vonoids in plants, ascorbic acid and uric acid, epi-
nephrine or other polyphenols in serum or urea.
Many other combinations of analytes are possi-
ble, but the theory and practical implementation
of such reactions has been not yet clarified up to
now.

SIA procedure: Optimization of chemical and
flow variables. The influence of the solution pH
on the formation of the heteropoly blue produced
during the reaction between rutin and ascorbic
acid with 18-MPA was investigated (Fig. 2). At
pH > 4.0 ascorbic acid is almost immediately ox-
idized by 18-MPA [8]. The reaction of rutin with
18-MPA is more continuous at any pH studied.
First two OH groups of rutin are oxidized very rap-
idly for 1-2 min while about 10-15 min is neces-
sary for the complete oxidation of other two hy-
droxyls. Subsequently, the colour of the solution
remains unchanged for a long time. The stoichi-
ometry of the reaction determined by the molar
ratio method leads to the conclusion that 2 mol of
18-MPA is required for the oxidation of 1 mol of
rutin. It can be concluded from the preceding that
four electrons are lost by rutin because 18-MPA
behaves as two-electron reducer in the excess of
the reagent. Such process is responsible for the ox-
idation of four oxy groups of rutin to oxo groups
(R-OH — R=0). Proposed scheme of the reaction is
confirmed by the fact that molar absorptivity for
the rutin determined from the slope of the calibra-
tion graph was equal to 2.2:10* mol*:1-cm™. Con-
sidering that molar absorptivity for two-electron
heteropoly blue is of 1.1-10* mol*-l-cm’, this al-
lows to suppose the participation of four electrons
in thp(\% studied reaction.

05
04 r
03 r
02

0.1 r

0-0 - - n 1 L | 1 1
0 2 4 6 8 10 12

pH

Fig. 2. Effect of the solution pH on the formation of
heteropoly blue in the reaction between 18-MPA and
ascorbic acid or rutin.

C(Rutin) = 0.02 mmol/L; C(Ascorbic acid) = 0.02 mmol/L;
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C(18-MPA) =1 mmol/L; A =820 nm;1=1 cm

As can be seen from Fig. 2, in the pH range from
4 to 5 only ascorbic acid is capable of reducing
18-MPA. At the same time, in the pH range from
7 to 8 simultaneous and complete oxidation of
both ascorbic acid and rutin occurs. Such behav-
ior of these compounds allows to develop meth-
od for their simultaneous determination based on
the difference of the results obtained for two in-
jections of sample acidified to pH 4.7 and 7.4. The
content of ascorbic acid and rutin in ascorutin tab-
lets can be significantly greater than that of rutin.
Therefore, very precise method was necessary to
determine rutin in the presence of big amounts of
ascorbic acid.

First, the optimal conditions were found for the
determination of rutin by SIA method. By using
4-103 M solution of 18-MPA as reagent, the maxi-
mum signal was observed when injected volumes
for reagent and sample were 40 and 220 pL, re-
spectively. The calibration curve was linear in the
range of rutin concentrations from 1.6:10° M to
8:10~> M. The dispersion of the sample in the re-
agent and carrier streams was comparatively low
and intensity of the analytical signal was only two
times lower than theoretically calculated. The re-
producibility was also satisfactory about 1-2%.

However, the repetition of the SIA method for
the determination of ascorbic acid at pH 4.7 with
18-MPA described in [9] has shown that significant
and hardly eliminated Schlieren peak arises that
strongly interferes to the determination of small
amounts of ascorbic acid at its low concentrations.
Using the flow-batch configuration instead of SIA
manifold can allow to obtain significantly higher
sensitivity and precision by the determination of
both ascorbic acid and rutin.

Thus, the volume of reagent used in the pro-
posed method was lower on two order of magni-
tude than in batch procedure - 40 pL instead of 2
mL. This volume as well as volume of waste can be
even further reduced because the total volume of
the reaction mixture was 260 pL that was consid-
erably higher than it was required for the filling of

the flow cell.

It was established that difference in molar ab-
sorptivities calculated for ascorbic acid at pH 4.7
and 7.4 was insignificant. This makes it possible
to manage without the using the method of three
calibration graphs and to limit the procedure by
constructing only two calibration curves. Un-
der the optimal pH value of 7.4, linear calibration
curve was obtained over the range from 1:107° to
3:10-°M (0.6-20 mg/1) of rutin (r?> = 0.995). The
relative standard deviation was 0.8-2.5% and the
limit of detection (3s ) was 0.2 mg/l. By using the
cell with longer path length of 5 cm determination
range was from 2:1077 to 1-10° M (0.1-6 mg/L).

Application. The content of rutin or flavonoids
(total polyphenol content) was determined in
some medical and pharmaceutical formulations
and was expressed as mg/l rutin equivalent. In
addition, aluminium chloride colorimetric method
was used for the determination of flavonoids
(Table 1).

Table 1
Total phenolic or flavonoid contents in different
tinctures
AICI, P Mo 0_°*
Sample Cmg/l S, C,mg/l S,
Tincture «Sofora» 40.6 0.03 529 0.04
Tincture «Gingko 28.9 0.05 309 0.013
biloba»
Tincture «Solodka» 8.6 0.07 6. 0.04
Tincture «<Haw» 8.2 0.03 118 0.021

Literature data [18] as well as spectrum of com-
plex with aluminium (A__ =390 nm) confirm that
the main flavonoid (> 90%) present in the prepa-
rates of Sophora japonica is rutin. The higher val-
ue obtained can be explained by the presence of
ascorbic acid which is not detectable by the alu-
minium chloride method. Quercetin and its glu-
coside derivatives dominate in the composition of
tincture «Gingko biloba» [19]. Comparison of the
results obtained by both methods in all the cases
indicates that flavonoids are the main part of phe-
nols present in sample. The content of ascorbic ac-
id and rutin was simultaneously determined by
the above described SIA method in ascorutin tab-

lets (Table 2). .
Table 2

Results for the determination of ascorbic acid and rutin in ascorutin tablets by the proposed and the reference
methods (mg/tablet + A, n = 5, 95% confidence level)

Sample, Producer Claimed value Found by the proposed Found by the reference
method method
Ascorbicacid  Rutin Ascorbicacid  Rutin Ascorbic Rutin®
acid®
«Ascorutin», Zentiva, 100 20 100.7£1.7 21.5+1.4 101.4+1.5 20.7£0.4
Czech republic
«ACKOpPYTHUHTA6, 50 50 49.1+£1.2 49.742.5 50.3+£0.7 49.4+1.2

Kyiv vitamin factory, Ukraine

2Determination with 2,6-phenolindophenol [20]
"Determination with AlCI, [21]
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The values given by producer and determined
by the proposed method were in good accor-
dance in all cases. In addition, the accuracy of the
proposed method was evaluated by comparison
with the results obtained by the reference meth-
ods. The confidence intervals of both the methods
were overlapping. The method is characterized by
good sensitivity of 1-2%.

Conclusions

Capability of 18-molybdo-2-phosphate hetero-
poly anion to the interaction with reducing agents
in the wide range of pH and strong dependence of
the reaction rate on the acidity are the basis for the
development of the new methods for the simulta-
neous determination of several analytes. This ap-
proach was implemented in the procedure for the
simultaneous determination of ascorbic acid and
rutin. Even high excess of most interfering sub-
stances present in pharmaceutical preparations,
including rutin, does not influence on the determi-
nation of ascorbic acid. In one’s turn, rutin can be
determined in the presence up to 20-fold excess
of ascorbic acid. It is very important that by us-
ing the proposed reagent ascorbic acid and other
phenols present in the sample can be determined
separately and overall antioxidant activity can be
evaluated.

The proposed configuration of the flow mani-
fold combines the full automation and flexibility
inherent to the sequential injection analysis. Re-
agent, sample consumption and volume of efflu-
ents are maintained at the lowest level in accor-
dance with the principles of «Green chemistry».
Volume of the reagent was reduced to 40 pL and
its concentration was one order of magnitude less
than for the corresponding batch method. Only
water was used as carrier and solvent and no pre-
vious separation of the components was required.
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