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ABSTRACT

A simple and automated method for determination of ascorbic acid (AA) in complex samples by flow injection chemiluminescence (FI-CL) was presented.
It is based on the inhibitory effect of ascorbic acid on the chemiluminescence reaction between luminol and hydrogen peroxide in the flow system. A home-made
micro column of cation exchange resin was adapted to the FI manifold to achieve on-line removal of interference. This method was used to determine the AA
content in urine samples with a detection limit of 6.03 x10 mol/L AA and recovery of 93.1-111.0%. This proposed method allows high - throughput determination
of AA in urine samples without chromatographic separation, demonstrating that the FI-CL method has significant potential in determination of species in complex
samples by adapting a micro column filled with various functionalized materials to the FI manifold.

INTRODUCTION

Ascorbic acid, usually found in citrus fruits and vegetables, is mainly used
as a cure for various diseases including scurvy, drug poisoning, liver disease
and allergic reactions. Consequently, determination of ascorbic acid in foods,
pharmaceuticals, and biological samples is crucial. A variety of methods
have been employed for the determination of ascorbic acid in simple samples
including foods, Vitamin C tablets and injections, among which iodometric
method 1 is the official method, while fluorimetry,>® atomic spectrometry,*
spectrophotometry® and electroanalysis®’ have also been reported.

For determination of AA in complex samples such as urine, various
methods  including  spectrophotometry,®!'  electroanalysis'>*'*  and
chromatography'>'¢ have been reported. Although spectrophotometric method
is commonly used, it is limited by its time-consuming pretreatment process.
Electroanalytical methods are sensitive in the determination of ascorbic acid in
urine. However, many compounds in urine are capable of being adsorbed on
electrodes, causing poisoning of electrodes surface. Chromatography is very
effective for separation and determination of ascorbic acid in urine, but the
high instrumental cost and low analytical speed limits its application.

Flow injection chemiluminescence (FI-CL) offers the advantages of
simplicity of apparatus, high sensitivity, high analysis speed and good
reproducibility for determination of ascorbic acid in simple samples including
vitamin C injections, vitamin C tablets and foods,'”?** however, to the best of
our knowledge, FI-CL have not been used for the determination of ascorbic
acid in complex samples such as urine thus far due to the poor selectivity of
chemiluminescent analysis and the complexity of urine samples. In this work,
a simple and automated method was presented for determination of AA in
urine samples by FI-CL coupling with a micro column of exchange resin. This
method is based on the inhibitory effect of AA on oxidation reaction of luminol
proceeded by hydrogen peroxide in Na,CO,-NaHCO, medium. Anions didn’t
interfere with this CL reaction, while cations including Pb*", Mn?*, Cu*" and
Cr’" enhance the CL intensity. To remove the interference caused by these
cations, a micro column of cation exchange resin was adapted to the flow
system.

EXPERIMENTAL

CHEMICALS AND REAGENTS

All reagents were of analytical grade, the super-purified water was used
throughout.

Hydrogen peroxide of 6x10?mol/L was prepared by dilution of 30%
hydrogen peroxide (Tianjin Damao Chemical Factory, Tianjin, China).

Luminol stock solution of 0.01mol/L was prepared by dissolving 0.1770g
luminol (Nacalai Tesque, Inc., Kyoto, Japan) with 100 mL of 0.1 mol/L sodium
hydroxide. Luminol standard working solution of 8x10°mol/L was prepared
by sequential dilution of stock solution with 0.1mol/L Na,CO,-0.1 mol/L
NaHCO, solution.

AA standard stock solution of 0.0lmol/L was prepared by dissolving
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0.1760g ascorbic acid (Tianjin chemical reagent factory, Tianjin, China)
with 100 mL of water. The standard working solution of AA was prepared by
sequential dilution of standard stock solution with water. The standard working
solution of AA was prepared daily.

0.1 mol/L Na,CO,-0.1 mol/L NaHCO; solution.

732 cation exchange resin was purchased from Guangdong Xilong
Chemical Factory (Guangdong, China).

APPARATUS

The FI system, shown in Fig. 1, was a IFFM-E-FI-CL analysis system
(Xi’an Remex Analytical instrument Co., Ltd., Xi’an, China) consisting of
two peristaltic pumps (twelve-channel) and a sixteen-port injection valve
with a sample loop (50 puL) which were automatically operated by a computer
equipped with software for control of the IFFM-E-FI-CL system. PTFE tubing
(0.8 mm 1i.d.) was used to connect all components of the flow system. The
micro column (30 mm x 3.0 mm) loading with ca. 0.15 g cation exchange
resin was made in laboratory and adapted to the carrier flow. The flow cell
is a coiled glass tube so that there was a large surface area adjacent to the
photomultiplier tube (PMT), the signal from the CL reaction was recorded by
computer controlled by the software stated above. The New Human Power
II water purification system (Human Corporation, South Korea) was used to
produce the super-purified water.
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Fig.1. Schematic diagram of FI-CL analysis system coupling with cation
exchange resin column. P, peristaltic pump; C, micro column of cation
exchange resin; V, sampling inlet valve; F, flow cell; PMT, photomultiplier
tube; HV, negative high voltage; PC, computer; W, waste; 1, sample solution
or AA standard solution; 2, Hydrogen peroxide solution; 3, luminol solution.

PROCEDURE

The sample or AA standard solution was continuously pumped by pump
1 at a flow rate of 1.5 mL/min, while hydrogen peroxide and luminol solutions
were pumped and merged by pump 2 at a flow rate of 1.0 mL/min. The mixture
of luminol and hydrogen peroxide was injected into the sample stream using a
50 pL sample loop. The mixture of sample or AA standard solution, hydrogen
peroxide and luminol were then pumped to the flow cell by pump 1 at a flow
rate of 1.5 mL/min. The light emitted was detected by PMT with no wavelength
discrimination. The PMT window was automatically opened once the FI-CL
system began to work. The concentration of ascorbic acid was quantified by
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measuring the logarithm of I /I, where I and I were CL signals in the absence
and presence of ascorbic acid, respectively.

RESULTS AND DISCUSSION

INHIBITION OF ASCORBIC ACID ON CL REACTION

The inhibitory effect of AA on CL intensity was investigated using 6x10-
> mol/L H,0,, 8%10°mol/L luminol and three AA solutions with varying
concentrations. As figure 2 shows, AA could inhibit the CL reaction between
luminol and hydrogen peroxide significantly. Several luminol-oxidant CL
system?*?2232526 have been employed for the determination of AA by FI-CL
based on inhibitory effects of AA. In those systems reported previously, the
concentration of AA and oxidants was in the same level. AA reacts with the
oxidants such that the concentration of oxidants reacting with CL reagent
decreased, demonstrating inhibitory effect on CL intensity. However, in this
work, concentration of oxidant is much higher than that of AA, therefore the
amount of oxidant reacting with AA was negligible. We suppose, therefore, in
this work, ascorbic acid is a catalyst inhibiting CL reaction rather than just a
reducing reagent reacting with oxidants although the catalytic mechanism of
ascorbic acid is unclear.
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Fig.2 Inhibitory effect of AA on CL reaction obtained by three successive
injections of hydrogen peroxide and luminol into AA solutions with different
concentrations. 1, ascorbic acid solution (0 mol/L); 2, ascorbic acid solution
(2.0x10"mol/L); 3, ascorbic acid solution (4.0x10"mol/L). Conditions:
luminol, 8x10°mol/L (0.1 mol/L Na,CO,-0.1 mol/L NaHCO, medium); H,O,,
6x10?mol/L.

EFFECT OF H,0, CONCENTRATION

The Effect of H,O, concentration on CL intensity and inhibitory effect of
ascorbic acid were investigated. The logarithm of I /I, versus H,O, concentration
was plotted. As shown in Fig.3, a constant inhibitory effect of ascorbic acid
was obtained until 0.06mol/L. Therefore, H,O, of 0.06mol/L. was chosen for
the analytical procedure.
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Fig.3 Effect of H,0, concentration. Luminol, 8x10mol/L (0.1 mol/L
Na,CO,-0.1 mol/L NaHCO, medium.

EFFECT OF LUMINOL CONCENTRATION

The effect of luminol concentration on inhibitory effect of AA was
investigated. As shown in Fig. 4, inhibitory effect of AA was significant when
luminol concentration was less than 1.0x10* mol/L, the greatest inhibitory
effect was obtained when luminol concentration was 8x10-° mol/L. Therefore,
luminol solution of 8x10~mol/L was chosen for the analytical procedure.
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Fig.4 Effect of luminol concentration. H,0,(0.06mol/L); other conditions
were the same as that in figure 3.

EFFECT OF SAMPLE ACIDITY

The acidity of sample solution poses significant effect on both CL intensity
and the inhibitory effect of AA. Neither significant CL intensity nor inhibitory
effect was obtained when the sample have strong acidity. However, when pH
of sample solution was in the range of 6.5-9.8, both CL intensity and inhibitory
effect of AA were significant. At pH higher than 9.8, the inhibitory effect of
AA decreased rapidly with the increasing pH although CL signal was still
significant. Therefore, H,0O was chosen as the medium of sample solution for
the analytical procedure since ascorbic acid was unstable in alkaline conditions.

ANALYTICAL PERFORMANCE

The linear relationship between the logarithm of (I/I) and AA
concentration was studied under the optimum conditions stated above. As
shown in Fig. 5, perfect linear relationship was obtained between the value of
log(I/1,) and AA concentration when the concentration of AA was in the range
of 2x10%-6x10"mol/L. The regression equation was log(I/1)=0.0774c(x10~
mol/L) + 0.0298 with correlation coefficient of 0.997. The relative standard
deviation (RSD) obtained by determining 3.0x10"* mol/L ascorbic acid 11
times was 6.7%, demonstrating a good reproducibility for determination of
AA. The detection limit, based on the 3Sb criterion (Sb is the concentration
corresponding to the standard deviation obtained from determining 3.0x10*#
mol/L AA solution 11 times), was 6.03 %10~ mol/L for ascorbic acid.
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Fig.5 The plot of log(I /1) versus AA concentration. Other conditions were
the same as that in Fig. 3.

EFFECT OF FOREIGN SPECIES

The effect of foreign species on the determination of 4.0x107mol/L
AA was studied. Foreign specie was considered not to interfere with the
determination of AA when the error caused by the foreign specie was within
+5%. For the FI-CL system without adapting micro column of cation exchange
resin, the tolerant ratios were as follows: 10000 for Na*, Zn*, K*, Li*, NH,",
NO,, SO,*, NO,, CI,, PO,*, SO %, uric acid, 1000 for Mg**, Ca*', AI’", Ba*",
Sr¥, Cd*, T, ClOy;, citrate, borate, starch, oxalate, tartrate, 100 for Co*", Fe*',
Fe, Sb*, Sn?*, glucose, glycin, L-glutamic acid, gelatin, arginine, 10 for Pb*",
Mn?". Equal amount of Cu®*, Cr** enhanced the CL signal. The tolerant ratios
for Pb*", Mn?*, Cu?" and Cr’**were above 1000 after a micro column of cation
exchange resin was adapted to the flow system.

ANALYTICAL APPLICATIONS

A micro column (30 mmx3.0 mm) of cation exchange resin was adapted to
the flow system, as shown in Figure 1. Urine samples of 4 apparently healthy
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volunteers were collected and diluted appropriately with water, ascorbic acid in
these samples was then determined as the procedure stated above. The results
were as shown in table 1.

Tabla.l Analytical results of ascorbic acid in human urine.
o | b | med | men | Reovestd
1 126.24 100 236.28 110.0
2 172.39 100 269.53 97.1
3 89.52 100 200.33 111.0
4 145.31 100 249.72 104.4
5 375.16 100 468.25 93.1
a. sample collected from a volunteer(No. 4) one hour after orally

taking 420 mg vitamin C tablets(Vitamin C tablet 1).
CONCLUSIONS

FI-CL is characterized by the high sensitivity, low sample/reagent
consumption, simplicity of apparatus and high throughput. Although FI-CL
is considered as not suitable for analysis of complex samples owing to the
poor selectivity of CL analysis, we presented a method for determination of
AA in urine by FI-CL coupling with a micro column of cation exchange resin.
Comparing with other FI-CL method for determination of ascorbic acid, this
method could be employed for determination of ascorbic acid in complex
samples without chromatographic separation. This method demonstrates
that FI-CL could be used for analysis of complex samples by adapting a
pretreatment column to the FI manifold. Additionally, various functionalized
materials including the molecular imprinted polymer (MIP) could be filled into
the micro column for various analytical purposes.
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