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Sensitive Determination of Carbohydrates by Fluorimetric
Method with Ce(lV) and Sodium Triphosphate
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A new simple and sensitive fluorimetric method for the determination of carbohydrates is described.
The method is based on the reaction between carbohydrates and Ce(IV) in the presence of sulfuric acid.
All the reductive carbohydrates can be detected indirectly by the fluorescence of Ce(lll) produced.
The addition of sodium triphate enhances the sensitivity of the method by more than 10-folds. Under
optimum conditions, an excellent linear relationship was obtained between the fluorescence intensity
and the concentration of carbohydrates. The limits of detection lie in the rang® ef 10—

1.3 x 10~° mol/L. As compared to the normal fluorimetric method, the proposed method is faster and
more sensitive.
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Carbohydrates are important bioactive matters and with carbohydrates to produce fluorescent compounds,
information molecules. They are not only central to the such as 1,2-di(4-methoxyphenyl)ethylenediamine (DME)
generation and storage of energy but also useful in the di-[10], 1,2-phenylenediamine (PDM) [11], guanidine [12],
agnosis of diseases and dynamic adjustment for the func-arginine [13], 8-aminonaphthalene-1,3,6-trisulfonic acid
tions of protein. Hence establishing highly sensitive and (ANTS) [14], 6-aminoquinolyN-hydroxysuccinimidyl
effective methods for the quantitative analysis of car- carbamate (AQC) [15] and 2-methyl-3-0x0-4-phenyl-2,3-
bohydrates is important for understanding their role in dihydrafunan-2-yl acetate (PDFAc) [16]. Recently, our
nature and in almost all the life process of higher an- have reported two new reagents of this type which are
imals. At present, the methods used are mainly based2,3-diaminonaphthalene [17] and urea. The other type
on spectroanalysis [1-3], electric detection [4,5], chem- of probes is metal ion, by whose fluorescence the car-
ical sensor [6,7] and chromatography [8]. Among these bohydrates can be determined indirectly. Kikutani and
methods, fluorimetry is important because of its sen- co-workers found that the fluorescence intensity of some
sitivity and selectivity. Since carbohydrates have nei- metals in the lanthanide series (Eu, Tb, Dy) [18] could
ther chromophores nor the fluororophore group that can be enhanced on being heated with some carbohydrates.
be sensitively detected using the usual methods, theHowever, the detection limit was low, for example, that of
choice of fluoresence probes is important. According to glucose was only 1@mol/L.
the literatures [9], there are two types of such probes: Studies show that Ce(lV) can be reduced by car-
one is derivatizing organic agents that can condensebohydrates to Ce(lll), which can emit natural fluores-

cence in sulfuric acid. The addition of sodium triphosphate
P _ _ ~enhanced the sensitivity of the system by more than 10-
Key _Laboratory of Colloid and_ Interface Chemlst_ry (S_hand_or_lg Uni-  folds. The proposed method is simple, fast and sensitive.
versity), Department of Chem'sm," Shandong University, Ministry of - addition, this method can be used to determine all the re-
Education, Jinan 250100, People’s Republic of China. ) ! ) o
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edu.cn with a good linear range of determination.
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Fig. 1. Fluorescence spectra of Ce(IV)-carbohydrate systems. (a) Excitation spectra; (b) Emis-
sion spectra. 1, Gg—H,SQy; 2, Glucose—HSO;—NasP3010; 3, Cét—Glucose—HSOy; 4, Cét—
Glucose—HSO,—NasP3019. Conditions: Glucose .00 x 10~° mol/L; Ce* 8.00 x 10~° mol/L;
NasP3010 0.015 mol/L; SOy 0.05 mol/L; Heating time: 1 h.

EXPERIMENTAL Reagents Company of Beijing.-Sorbose was made by
Beijing Fangcao Medicine and Chemo-technology Re-
search CompanyD-Arobinose was made by Medicine
prepared by dissolving Ce(QD 4H,0 in 100 mL of 1:1 Store of Military Medical College of China. Solutions of
(v:v) HoSO, solution. the carbohydrates were prepared by dissolving themin dis-
Sodium triphosphate solution (0.05 mol/L) was pre- tilled water to get a concentration of 1.00.0-2 mol/L.
pared by dissolving Ng;O10in 100-mL deionized water.  These solutions were stored at 04
Glucose, fructose, galactose, glucosamine hy- Sulfuric acid solution (1.0 mol/L) was prepared by
drochloride andN-acetylglucosamine were all made by dissolving 5.5-mL sulfuric acid in 100 mL of distilled
Detecting Department of Medicines and Bioproduct of water.
China. Fucose and xylose were made by Medicine Com- All the other reagents were of analytical reagent
pany of China.«-Rhamnose was made by Chemical grade and distilled deionized water was used in this

Ce(lV) standard solution (1.0&10-2 mol/L) was
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Fig. 3. The effect of the concentration of Ce (IV). Conditions: Glucose
1.00 x 10->mol/L; NasP30100.015 mol/L; SOy 0.05 mol/L; Heating
time: 1 h.

Fig. 2. The effect of the concentration 0f,80,. Conditions: Glucose
1.00 x 107° mol/L; Ce* 8.00 x 10~° mol/L; NagP3010 0.015 mol/L;
Heating time: 1 h.
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Table I. The Linear Range and Detection Limit of Different Carbohydrates

Carbohydrates Linear range(mol/L) Correlation coefficient ~ Detection limit(mol/L)

Glucose 5.0 10 '-5.0x 10°° 0.9926 4.5¢10°°
Frucose 5. 10 ’-5.0x 10~ 0.9948 8.0x 10710
D-Xylose 5.0x 10 7-5.0x 10°° 0.9909 9.3« 10710
D-Galactose 1.6 107 7-5.0x 10°° 0.9906 1.3x 1079
D-Arabinose 3.0¢ 10 7-1.0x 10°° 0.9954 1.7 1079
«-Rhamnose 3.8 10 7-1.0x 10°° 0.9972 2.7x 107°
L-Sorbose 3.x 10 7-1.0x 10°° 0.9987 2.2<107°°
HCI-Glucosamine — — —

N-Acetylglucosamine 3.6 10 7-1.0x 1073 0.9927 1.9 1079

study. The fluorescence spectra and all fluorescenceFig. 1. It can be seen from Fig. 1 that the luminescence

intensities were measured with a Hitachi Model 850
spectrofluorimeter.

Procedure

Solutions were added in the following order in a 25-
mL test tube: glucose standard solution, 0.8 mL of Ce(IV)
solution of 10 x 10~ mol/L and 0.5 ml of HSO, of
1.0 mol/L. The mixture was diluted to 10 mL with water
and then heated in a boiling water bath for 60 min. The
mixture was cooled to room temperature, and its fluores-
cence intensity was measured in a 1-cm quartz cell with ex-
citation and emission wavelengths of 297 and 355 nm, re-
spectively. The excitation and emission band widths were
both 10 nm. The wavelength scanning speed was set a
300 nm/min.

RESULTS AND DISCUSSION
The fluorescence spectra of the Ce(IV}Say,

Ce(IV)-H,SO—NasP3019, Ce(IV)—glucose—hS0O, and
glucose—-Ce-bE50;—Na&P30,9 systems are shown in
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Fig. 4. The effect of the concentration of BRR;O1¢. Conditions: Glucose
1.00 x 10-5mol/L; Ceé** 8.00 x 10> mol/L; H,SO4 0.05 mol/L; Heat-
ing time: 1 h.

spectra of (3) and (4) are similar, the wavelengths of the
excitation and emission peaks are 338 and 405 nm, re-
spectively, which is the intrinisic luminescence peak of
Ce(lll). In addition, the luminescence intensity of (4)
is more than 10-folds that of (3). This indicates that
NasP;0,0 has greater enhancement for the luminescence
of 2 Ce(lll). In the experiment, the system was heated
opento air and trace Ce(IV) could be reduced into Ce(lll),
which causes the very weak fluoresence illustrated by
curve (2).
The effect of the concentration of,BO, was stud-

ied (see Fig. 2). The results showed that the fluores-
cence intensity of system reached the maximum and re-

tmained constant when the concentration eS8y was

0.04-0.06 mol/L. So 0.05 mol/L was chosen for further
experiments.

Under the given conditions, the fluorescence inten-
sity of the system reached the maximum when the con-
centration of Ce(lV) was in the range of 5.0-Q&
1075 mol/L (see Fig. 3). Therefore the concentration of
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Fig. 5. The effects of different temperature and heating time. Condi-
tions: Glucose D0 x 10> mol/L; Ce 8.00 x 10> mol/L; NagP3019
0.015 mol/L; BSO4 0.05 mol/L; Heating time: 1 h.
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Table Il. Recoveries of Cabonhydrates

Samples Added(f® mol/l) x+s(h=5) Recovery (%)
Glucose 1.00 0.98%0.011 98.5
Frucose 1.00 0.9860.012 98.6
D-Xylose 1.00 0.974:0.014 97.4
D-Galactose 1.00 0.9780.017 97.3
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is 49.0% with standard deviation &f0.54, while in the

2,3-diaminonaphthalene method [23] the average is 49.3%

with standard deviation af1.58. It indicated that the pro-
posed method was accurate and precise (Table IlI).
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Ce(IV) solution was kept as.@ x 10~ mol/L in further
studies.

The effect of concentration of NB;O,¢ was stud-
ied (see Fig. 4). The result showed that the fluorescence
intensity increased with the increase of concentration of
NasP;010, until it reached 0.01 mol/L. In further experi-
ments, 3 mL of NgP3;010 (0.05 mol/L) was used.

The reaction in the proposed method takes place in 1.
two steps. The first step is the oxidation reduction reaction
between glucose and Ce(IV). Experiments were carried
out to show the effects of different temperature and heat-
ing time. Studies were carried out at 40, 60, 75 and©00
(see Fig. 5). Results showed that at some temperature, =
the reaction was very slow. At higher temperature, the lu-
minescence develops more rapidly a plateau was reached3-
after heating for 60 min at 10C. Therefore, experiments
were carried out in a water bath. Heating time of 60 min 4.
was found suitable.

The second step is the complexing reaction between
Ce(lll) and Na&P301p [19]. For this step, experimental
results showed that optimum temperature to be 10550
Hence, the solution was cooled and fluorescence intensity
was measured at room temperature.

Under the optimum conditions determined as above, 7
a linear relationship (correlation coefficiem.99) was
obtained between the fluorescence intensity and the con-
centration of the studied carbohydrates. The limits of de- 8.
tection were of the order of 18 mol/L (S/N=2) (Table ).

The standard addition method was used for determi-
nations of glucose, fructose;xylose and galactose so- 9
lutions. The recovery ratios were in the range of 97.3—
98.5% (Table Il). The proposed method was also used to 10.
determine the glucose in standardized 50% glucose in-
jection solution (Jinan Mingshui Limin Pharmaceutical,
China). In the proposed method the average found 6)

6.

11.

12.

Table Ill. Determination of Glucose in Sample (Glucose Injection
Solution)

13.
Average Standard

found (%)6 = 5) deviation

14.
49.3
49.0

+1.58
+0.54

2,3-Diaminonaphthalene method [23]
The proposed method
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